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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
OMOJIOrHYecKoii M MeIUIIHHCKOM
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: TkaHeBas MHKEHEPUS
110 HANIPABJICHUIO: buorexnonorus
Nnpo¢uJIb NOATOTOBKH: buotexnonorus u OnomeanumHCKast HHGOpMAaTHKA

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
kadeapa QUMK KUBBIX CHCTEM

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMbI IPOMEXKYTOUHOM arTecTanuu: 1 (ocenuuit) - JluddepeHpoBanHbiii 3a4eT

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

CamocrositensHas pabora: 60 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2
[IporpamMmy cocraBunu:

K.M. Arnaaze, n-p Ouon. Hayk
B.A. LiBenas, kana. OHOII. HAyK
III.P. ®ponosa

[Iporpamma obcyxneHa Ha 3aceqanuu Kadenps! Gu3uky xuBbix cucrem 04.06.2020



AHHOTANMA

[enbro MaHHOW AMCUUILTUHBI SBISETCS MPUOOPETEHUE TEOPETUICCKUX M MPAKTUYECKUX 3HAHWH B 00NacTH
OMOWHXCHepUM W TKaHEBOM WHXeHepuu. B pesynasrare Kypca CTYACHT OCBOUT OCHOBHEIE IPOOJIEMEI
pEereHepaTHBHON MEIMIIMHBI, Y3HAET TMOMBITKA M TEPCHEKTHBBI PEHICHUs JaHHBIX MpooneMm. CTymeHT
MMO3HAKOMHTHCS C KIETOYHOW Tepamuei, oleHKol ee 3((EeKTUBHOCTH, HAYYUTHhCS COYETATh METOABI TEHHOU
WHXEHEePUH 11 KOHCTPYHUPOBAHUS CUCTEM TECTHPOBAHUS M HCKYCCTBEHHBIX OpraHoB. [locne ocBoeHus Kypca
CTYZIEHT OyJeT 3HaTh MOHATHS dMOpPHUOTEHE3a W OBJIAJCeT OCHOBHBIMH IPHUHIIUIIAMHA PAOOTHI C KICTOYHBIMU
KyJIbTypaMH U , B YACTHOCTH, CO CTBOJIOBBIMH KIIETKaMH, OyJeT NMOHWMarh (hyHJaMEHTaJbHbBIC MOHITHS W
METOJIbI TKAHEBOW WH)KCHEPHUH, CTPOCHHE U (DYHKIIUU OCHOBHBIX MOJICKYJI )KHBOU KIIETKH U IEJIBIX OPTaHOB,
COBpPEMEHHBIEC MPOOJIEMbI MOJIEKYISIPHOW MEIUIIMHBI, PellaeMbIe C MCIIOIb30BAHUEM COBPEMEHHBIX METO/IOB
OMOWHXCHEPUHU U TKAHEBOW WHKEHEPUHU.

1. leau u 3apa4u

eap AUCUMNIMHBI

OcBoenue cTyaeHTaMd (yHJAaMEHTaJbHBIX 3HAHUW B 00JacTH OHONOTHH, OMOXUMHH, OUO(DU3HKH
YeJoBeKa Uil NPUMEHEHHs JaHHBIX 3HAHWKH B OOJAaCTH PEreHEpaTHBHOW MeOWUUWHBI. M3yueHue
CHOocOO0B ¥ METOIOB UCCIIEIOBAHUS IPOIIECCOB OMOPU3NKN M MEAUIIMHCKON (PU3UKH, & TAKKE METOIOB
WH)KCHEPHU MPUMEHSEMbIX Ul PEICHUS M MCCIIEA0BaHU B JaHHBIX oOnactsx. [loimydenne 3HaHWMiA O
NPaKTUYECKOM IMPUMEHEHUH TKAaHEBOW WHXKCHEPHH JUISi COXPAHEHUs 3I0POBbsI M INPOUICHUS KU3U
YeJIOBeKa.

33]13‘[1/[ JAUCHUIIINHBI

- CdopmupoBaTh NpEeACTABICHUS O MPUHLUINAX W BO3MOXHOCTSIX TKAHEBOW WH)KEHEPUU C TOUYKU
3peHus PU3MOIOTHU U KJIETOYHBIX TEXHOJIOTHH.

- CdopmupoBarh TMpe/CTaBICHUs O TKAHEBOW WHXKEHEPUH, Kak JO(PQPEKTUBHOM WHCTPYMEHTE
pereHepaTHBHON MEIUIIHBI.

- I[aTL 3HAHUA O BOSMOKHOCTU MPUMCHCHUS KIICTOYHBIX TEXHOJIOTUH B pel"eHepaTHBHOﬁ MCIMIIMHE.
- HonyquHe MPCACTABJICHUA O HAIIPABJICHUN PA3BUTHUS pereHepaTHBHoﬁ MCIOHUIMHBI 6y)1ymer0.
- I[aTL 3HAaHHUEC OCHOBHBIX MCTOJ0OB KJICTOYHBIX TEXHOJIOTHI U TKAaHEBOI HWHKCHCPUU OPraHOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

OIIK-1.1 3maer w cmocobeH  HCMONB30Barb B
npo(eCCUOHANBHON  JIEATENPHOCTH  (PyHJAaMEHTAIIbHBIC
HayyHble 3HaHMA B  00JacTH  OWOJOTMYECKHX U
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3YyJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHATBHOM e TEIbHOCTH

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
HayYHBIX 3HAHUH B 00JIACTH OMOJIOTMYECKHUX U
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.3 TIloHumaer MEXIUCUMIUIMHADHBIE CBA3H B
o0JIaCTSIX XWUMHM, OWOIIOTUH, MaTreMaThuku W (U3HKH U
cnocobeH WX  OPUMEHSATh NpPH  pEelIeHWH 33434
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-1.4 CnocobeH IUIaHUPOBaTh, OPraHW30BBIBATH |
MPOBOIUTHh HAYYHO-MCCIIEAOBATEIILCKUE paboThl B 00IacTH
OMOTEXHOJIOTUH, TPOBOAWTH  KOPPEKTHYI  00paboTKy
pe3yabTaToOB OKCIEPHUMEHTOB M JejaTh 00OCHOBaHHBIC
3aKJIFOYECHUS U BBIBOJIBI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH




[IK-1 Criocoben craBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh

HOBBIC

HAYYHBIC PC3YyJIbTAThI

[IK-1.2 CnocobeH HWCHONB30BaTh CHEIHATH3UPOBAHHEIC
3HaHUS (PyHAaMEHTAIBHBIX Pa3AesioB MaTeMaTUKH, PU3UKH,
XUMHUM ¥ OHOJNIOTMM JJIs1 TOCTAaHOBKM W  pEIICHHS

HayYHO-HCCIIEI0BATEILCKIX 3a1a4y B obmactu
OMOMHXXEHEPUHU B OMOUH(POPMATHKU

IIK-1.3 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MareMaTHYeCKHe MOACTH ISl ONHCAaHWs H3y4aeMbIX

SIBIICHUI W TPOLIECCOB, OIICHUBATh KAUeCTBO pa3paboTaHHON
MOZEIHN

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

IMK-1.5 CrnocobeH co3naBark MpOrpaMMHBIE CpPEACTBA W
0a3pl JAHHBIX, HWCHOJb3yeMble B OWOMHXCHEPHH H
OroMH(pOpMaTHKE

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

YMETB:

OCHOBEI KJIETOYHBIX TEXHOJOTUI U UX MECTO B peFGHepaTHBHOﬁ MCIOUIHEC.

[IpyHIMOBI X1 BO3MOXXHOCTH TKaHEBOU
TEXHOJIOTHUI.

WHKCHEPUH C TOYKH 3peHUs (PU3MOJIOTMU M KIETOYHBIX

OCHOBHBIE NPEICTABIECHHS O TKAHEBOW MH)KEHEPHH, KaK YP(PEKTUBHOM MHCTPYMEHTE PEreHepaTuBHON

MEIHUITNHEL.

HpI/IMeHSITL n HO):[6I/IpaTI: B COOTBCTCTBHHU C 3a/:[aqel71 OCHOBHBIC MCTOAbI KJICTOYHBIX TCXHOJIOTUI M

TKaHEBON MHXEHEPUU OPraHOB.

BJIAJIETh:

3HaHUSAMH O BO3MOXKHOCTH MIPUMCHCHHS KJICTOYHBIX TEXHOJIOTHUH B peFEHepaTHBHOﬁ MCIUIIUHC.
OCHOBHEIMH METOAAMM KJICTOYHBIX TEXHOJIOTUH M TKAaHCBOM HWHXXCHCPUU OPraHOB.

4. Conep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 BBenenue: TkaHeBash HMHXXEHEpUS U ) 4
pereHepaTuBHas MEIULMHA.
Knerounsie KYJIBTYPBI. OcHoBHbIE
2 MeToAbl paldOThl C HHUMH, creuupuka 2 4
paboTHI C KJIETKaMH Pa3HbIX THUIIOB.
Metonel  paboTel € NEPBUYHBIMU
KJIETOYHBIMU  KyJabTypaMu: pabota ¢
3 1a00paTOPHBIMH  )KMBOTHBIMH, METOJIBI 2 4
BbIJI€JICHUS KapIMOMHUOLIUTOB u
rernaToUTOB
4 Kiterounsle auHMM. 2 4
Hcnonb3oBaHue  CTBOJOBBIX  KIIETOK,
5 METOIbI HaIpaBJIEHHOM 2 4
T GepeHITPOBKY.




ITonsTne 0 KJIETOYHOM
penporpaMMUpOBaHHH,

6 WHIYLIUPOBAHHbBIE TUTIOPUIIOTEHTHBIE 2 4
ctBonoBeie kieTku (MIICK). Ilpsmoe
penporpaMMupoBaHUe.
Meronpl  CTpYKTYpHOM  OpraHU3aLMU

7 KJIETOYHBIX KYJIBTYD: TUJPOTENy, 2 4
JIEKTPOCHUHHMHL, TPEXMEpHasl [1e4aTh.
TkaneBass MHXKEHEPUs CEpAlla, OCHOBHBIC

8 0COOCHHOCTH paboTh c 2 4
KapIMOMHUOLIUTAMHU

9 DnexkTpoPU3NOIOTHYECKHE METOAbl | ) 4
ONITUYECKOE KAPTUPOBAHUE.

10 OCHOBHE:IG HanpaBICHUSl  Pa3BUTHA ) 4
TKaHEBOW MH)KEHEpUU cepaLa

11 TkaneBasi HUH)XEHEPUS TIEUEHHU. 2 4

12 KneTOquHe TEXHOJIOTUM B pereHepauu ) 4
KOCTHOM TKaHH.

13 TkaHeBas HH)XEHEPHUS] HEPBHON TKaHU 2 4

14  |Perenepanus ceTyaTky Imasa 2 4
Coueranue METO/IOB TKaHEBOU

15 |umXKEeHepuH C METOIaMH TEeHETHYECKOU 2 4
MOIU(pHUKAIMN KIETOK U TKaHEH.

Nroro yacos 30 60

[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2.

Coneprxanue JUCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. BBeneHue: TkaHeBas WHKEHEPHUS U pereHepaTHBHAs MEIUIIMHA.

BBenenne: OCHOBHBIE COOBITHS B HCTOPUM HW3Y4YCHUS KICTKH: W300pETCHHE W pa3BUTHE
MHKPOCKOITHOW TEXHHKH, OTKPBITHE KIETKM M OCHOBHBIX KJIETOYHBIX KOMIOHEHTOB. IIpemmer
M3y4YCHUS] COBPEMEHHOH KJIETOYHOW OWOJIOTMH;, OCHOBHBIE METOIBI IIMTOJOTHYECKOTO aHajIH3a
(cBeTOBas M DJIEKTPOHHAsT MHKPOCKONHMS, (IyopecleHTHass MHUKPOCKOIHS, WMMYHOLMTOXUMHS,
aBropamuorpadus, IUTOXHMHUS, MOJICKYJISIpHAS THUOpUIM3AIMA, KyIbTypa KJIETOK, KICTOYHAs
ruOpuIU3aIus); CBA3b KIICTOYHOW OMOJIOTHU C JIPYTUMH OTPACIISIMUA OUOJIOTHH.

2. Kietounsle KynbTypbl. OCHOBHBIE METOIBI pabOThl C HUMH, cnennpuka padoThl ¢ KICTKAMHU
Pa3HBIX TUIIOB.

VHuBepcanbHble 0cOOCHHOCTH KiIeTOK. Kierounas Teopus. OCHOBHbBIE MOCTYNIAThl COBPEMEHHOI
KJIIETOYHOW TEOpPHM: €AMHBIA IIJJaH CTPOCHHA KIETOK, 3aKOH BOCIPOM3BEIECHHUS KIETOK,
TOTHIIOTEHTHOCTh KJIETOK MHOTOKJIETOYHBIX OPraHU3MOB; IMOHATHE AU(PHEPESHINPOBKH KIETOK;
MOHATHE O KIIETKE KaK €AWHONW WHTETPUPOBAHHOM CHCTEME KOMIIOHEHTOB, KJIETKa KaK EAMHMIIA
cTpoeHUsl, (PyHKIMOHUPOBAHUS, Pa3BUTHUSA W MATOJIOTUM OPraHu3MoB. OCHOBHBIC KOMITIOHEHTHI
KJIETKH: SIIPO, THAJIoIIa3Ma, puO0OCOMBI, IIUTOCKeNeT; BakyossipHas cuctema (BI1P, AL, nuzocomsl,
9HJI0OCOMBI), MUTOXOHIPHH, IUTACTH/BI, IUTa3MaTH4ECcKasi MeMOpaHa.

MeTtonpl  KIETOYHOTO KYIBTHBHUPOBAHUS, CHEUU(UKAIMS KIETOK, OCOOCHHOCTH pPabOThI C
Pa3IMYHBIMU TUIIAMH KIIETOK

3. Merogsl pa0OTBl € MEPBUYHBIMU KJIETOYHBIMH KylIbTypamu: paboTra ¢ 1a00paTopHBIMU
KUBOTHBIMH, METO/bI BBIACICHUSI KApJIUOMUOLIUTOB U T€NIaTOLIUTOB



Pabora ¢ nmabGopaTopHBIMH XKMBOTHBIMH, NpaBUiIa MPOBEICHHs ONepanuid, MEpPBUYHBIC KYJIBTYDBI,
METOIbl KyJIbTHBUPOBAHMS, METOABI BBIZACICHUS KIETOYHBIX KYJIBTYp, OCOOCHHOCTH IPOTOKOJIOB
BBIJICJICHUS PA3JIMYHBIX THIIOB KJIETOK

4. KneToyHbIE JIUHUM.

Bunpr knerounsix auHME. MMopTamu3anus KJIETOYHBIX JIMHUKW W MX Xapaktepu3zanus. CBoicTBa
HMMOPTaJIU30BaHHBIX KyIbTyp. UHyayHpoBaHHbBIE U SMOPHOHAIBHBIC TUTIOPUIIOTEHTHBIE CTBOJIOBBIC
KJIETKU. MeTOo/bl KyNIbTUBUPOBAHUS JIMHUI. MeTOABI ITOIyYEHUS JIUHUN.

5. Mcnionb30BaHme CTBOJIOBBIX KIIETOK, METOIbI HAITPAaBICHHOHN U (HEpEeHITUPOBKY.

Ombpuorenes. [lonarue cTBonoBoii kieTku. [IoHATHE MIIOPUNIOTEHTHOCTH. KiIeTKn KpOBETBOPEHHUS.
OMOpuHOHabHBIE CTBOJIOBBIE KiIeTKU. X BhiAeneHne. OcOOEHHOCTH U MpaBUiia UX MCIOIb30BAHUS.
[IpruMeHeHHEe CTBOJOBBIX KJIETOK B TKAHEBOM HMHXKEHEPUHM, PETCHEPATUBHONW MENMIIMHE,
(dapmareBTuKe.

6. IloHsiTHE O KIJIETOYHOM pENpOrpaMMHUPOBAHUM, MHIYLHMPOBAHHBIC ILTIOPUIIOTEHTHBIE CTBOJIOBBIE
kietku (UIICK). [Ipsimoe penmporpaMMupoBaHHe.

WNunynupoBaHHbIe IUIIOPUIIOTEHTHBIE CTBOJIOBBIE KIETKH. WX omimume 0T 3MOpHOHANBHBIX.
Knerounoe pemnporpammupoBanue. [loHATHE 0 penporpaMMHPOBAaHMM W TC€HETHYECKUX
MoauduKanugx Kietok. Xumepsl. [Ipsimoe penporpammuposanue. OcobeHHOCTH MU HEpeHITUPOBKU
UIICk. OtkpoiThie Bompockl 00 ucnonb3oBannu UICk.

7. Metoasl CTPYKTYpHOM OpraHM3allMd KIETOYHBIX KYJIBTYp: THAPOTENH, JIIEKTPOCHUHHUHT,
TpeXMepHas 1e4ars.

dopMHUpOBaHUE TOJJIOKEK. bHomaTepuanbl B TKAHEBOM HWHXKEHEpUU. MeTonbl CTPYyKTYypHOU
OpraHMu3allii  KIETOYHBIX KyJABTYp: THUAPOTENH, OJIEKTPOCHUHHHUHI, TpEXMEpHas Ie4aTb.
BuonpunTrar. OCOOEHHOCTH METOOB U OTPAHUYCHUS TPUMEHUMOCTH.

8. Tkanenas HWHXXCHCPUA cepala, OCHOBHBIC 0COOEHHOCTHU pa6OTBI C KapaAnOMHUOUIUTaMUn

Cepane kak opran. Cepiie ¢ TOYkd 3peHUs anekrpodusnonoruu. CeppeuHas TkaHb. Kyibsrypa
cepiedHoit TkaHu. KylnbTHBHUpOBaHHE KapIuOMHOIMTOB. KoHCTpynpoBaHHME cepIyeHOW TKaHU C
nomorpio MarepuanoB. 2 D u 3D monenu cepama. Ilorenmman netictBus. BomHa B030YXIeHUS.
Aputmun. OCOOCHHOCTH TIPOBEJICHHSI BOIH BO30YXKICHHS B KIETOUHOW KynbType. Cepiiednas
HegocTarouHOCTh. H(apKT MUOKap/a v €ro OCIIEeACTBHS.

9. BHGKTpO(bI/IBI/IOHOFI/I‘-IGCKI/IG MCTOAbI U ONITUYCCKOC KapTUPOBAHUC.

Toku W MOTEHIHMAN IEHCTBUS KapIUOMHOIMTOB. DIEKTPOPH3HOIOTHYSCKIE METOIBI UCCIICIOBAHHUS
onuHouHOro Kapaumomuonmra. Patch Clamp kak Voltage clamp u current clamp. Kondwurypanuu
METOJIOB. DJEKTPOMEXaHWYEeCKUH CHHIMTUI. Busyanmmsamuss BomH BO30yXIeHHA. MeTomsl
orntuyeckoro kaptuposanus 2D u 3D.

10. OcHOBHBIE HampaBIeHUs Pa3BUTH TKAHEBOW WHKEHEPUU CepIa

OCHOBHBIE HampaBJICHUS] PA3BUTUSl TKAHEBOM MHXEHEpHH cepiuna. MonenupoBaHUE CEpIedHOU
TKaHW ¥ NPOBEICHUS BOJIH Bo30yxaeHus. MckyccTBeHHOe cepaue. TecT-cucTeMsl JIeKapCTBEHHbBIX
npenapartoB. Knetounast Tepanusl.

11. TkaHeBass MHXXECHEPUS TIEUEHHU.

[Teuenp kak opran. @ynkiuu nedeHn. OCOOCHHOCTU CTPOCHHS TieueHU. VMICKycCTBeHHasl TeUeHb.
Mertozb! JieyeHUs: HEIOCTaTOYHOCTH ceruac. TkaHeBas HHXKEHEpHUs KaK METOJL JICUCHMUSI.



12. KieTouHble TEXHOJIOTHH B pereHepalii KOCTHON TKaHHU.

KocTtupiii Mo3r. Me3eHxumManbHbIe CTBOJIOBBIE KieTkd. CamopereHepanusi TkaHeil. Perenepanus
KocTHOM TkaHu. UmmynuTeT. Buasl kocteil. Knetounble TEXHOMOTUM 7151 JICUCHHUSI TPABM.

13. TkaHeBast HHKEHEPHS HEPBHOU TKaHH

Heiiponsl. Buasl HeifponoB. Cunancel. [lpoBenenue BO30OYXICHHS 1O HEHPOHAIBHBIM CETSIM.
Perenepanus HepBHBIX KJIETOK. TkaHEBas HH)KEHEPUs ISl PET€HEpALd HEPBHOW TKAHMU.

14. Perenepanust ceTyaTKku riiaza

OcobenHocTu cTpoeHus 1iaza. [lepBble MONBITKY KIETOYHOM Tepanuu. BripamieHHass HCKYyCCTBEHHO
POTOBHIIA U CETYATKa MIa3a. PereHepanus cerdyarku rmasa. [I[puMeHeHUe TKaHEBOW MH)KEHEPUH JUIS
neyeHust 3a00JeBaHNH TI1a3a.

15. Coueranue METOIOB TKAHEBON WHXKEHEPHUH C METOJaMH I€HETHYESCKON MOAM(PUKAIUN KIETOK U
TKaHeu.

Mertoznbl TeHHOW W T€HOMHOH HMHXeHepuH. CodeTaHHEe METOIOB TKAHEBOM HMH)KEHEPHH W TEHHOH
nmkenepun. [Ipobnemarnka npumenenns. Kananpueiii pomonicun. Meron Crispr-Cas9. O6pabotka
nnpopmaunu. CAGE-ananus.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

Heobxonumoe obopynoBaHue Jist JISKIUN: yueOHas ayIuTOPHS, OCHAIIEHHAS KOMIIBIOTEPOM U
MYJIBTUMEIUIMHBIM 000pyI0BaHUEM (IIPOEKTOP, 3ByKOBAasi CUCTEMA)

JlonosHuTeNbHOE 000PYAOBaHNE [T IPOBEACHUS TEMOHCTPALINI:

Jlamunapuslie mkads 11 kmacca 6no6e30macHOCTH, HHKYOATOPhI, XOJOAWIEHOE 000PYIOBaHNE, HU3KO-
U BBICOKOCKOPOCTHBIE IEHTPU(DYTH

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa

Alberts B. et al. Molecular biology of the cell Garland //New York. — 2002. — T. 2.

Stem Cells - from Hype to Real Hope. K. H. Haider, S. M. Aziz. De Gruyter, 2018.

Ionic channels of excitable membranes.: By Bertil Hille. Sunderland, Massachusetts: Sinauer.(1991).
607 pp. —1992.

JomnonHurenbsHas auTeparypa

J. bpeit, JIx. JIstouc, M. Padd, K. Pobepre, k. Yorcon. MomnekymsipHasi OMOJIOTHSI KIETKH.
2-uznanue B 3-x Tomax. Mocksa «Mupy, 1994 r.
Drubin DA, Way JC, Silver PA. Designing biological systems. Genes Dev. 2007 21:242-54.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

https://www.isscr.org/
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8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

st wacty 3anstuii notpedyercs Zoom. Google Drive mis noctyna k Marepuainam Kypcea.
[TpuBeTcTBYeTCS HaIMUUE BO BpeMsi 3aHIATHI cMapT(GOHOB/HOYTOYKOB JJIsl yU4aCTHSI B HHTCPAKTUBHBIX
YIPaKHEHHUSX.

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

CryneHT, IpoCIylIaBIIMM Kypc, HOJDKEH C OIHOW CTOPOHBI, OBJIAJETh TEOPETUYECKUM allllapaToM
OMOMH)XEHEpUHU, a C APYrod CTOPOHBI, JOJDKEH HAyYHUTHCS IPUMEHSTH IOJNyYeHHbIC 3HAHHUS Ha
IpakTHKe. YCHENIHOe OCBOCHUE Kypca TpeOyeT caMOCTOATEeNbHOM paboThl cTyaeHTa. B mporpamme
Kypca AJisl CaMOCTOSITeNIbHOW PabOThI CTYACHTA HaJl TEMOW OTBOAUTCS MUHHUMAJILHOE BPEMSI.
CamocrosiTenbHas padoTa BKIIIOUAET B ceOs:

— npopaboTKy yueOHOro marepuasa (1o KOHCIEKTaM JIEKIUH, yueOHOH 1 HayuHOU IuTepaType),

— YTEHHE Y KOHCIIEKTHPOBAHUE JOTIOJTHUTEIHLHOHN JINTEPaTyphl,

— MOATOTOBKY OTBETOB Ha BOIIPOCHI, IPEJHA3HAYCHHBIX IJIS1 CAMOCTOSTEILHOTO H3YUYCHUS,

— pelieHue 3a/1a4, NpeAaracMblX CTyIEHTaM Ha JISKLIUSX,

— MOATOTOBKY K ITU(PEpEeHINPOBAHHOMY 3a4ETYy.

PykoBOACTBO ¥ KOHTPOJb CAaMOCTOSITENILHOW PalOOTHI CTyZIEHTa OCyLIeCTBIsieTcsl B  Qopme
UHAMBUIYaJIbHBIX KOHCyiabrauui. Ilokasarenem BiaZieHHs MaTepuaoM CIY)KUT yMEHHUE pellaTh
3agaun. Jns QopMupoBaHHs yMEHUS NPUMEHSATh TEOPETHUECKHE 3HAHWA Ha NPAKTUKE CTYICHTY
HEOOXOIMMO pellarh, Kak MOKHO Oouibiie 3anad. [Ipu perennn 3amad kaxjoe AelicTBUE HEOOXOMUMO
apryMEHTHPOBaTh, CChIIAsICh HA PACCMOTPEHHBIN paHee TEOPETHUECKUH armapar.

OOBIYHO NPUICPKHUBAIOTCA CIEAYIONIEH CXeMbl: U3yUYeHHe MarepHaja JCKIUH 10 KOHCIIEKTY B TOT K€
JIeHb, Korna Obuta mpociymana nekius (10-15 MuHyT); MoBTOpEeHHE MaTepraia HakaHyHe CIeqyoIei
nexuun (10-15 MunyT), mpopaboTka yueOHOro Marepuaa 1o KOHCIIEKTaM JIEKLIUH, y4eOHON 1 Hay4HOH
JUTEpAType, MOATOTOBKA OTBETOB HA BOIMPOCHI, perienue 3aaa4 (1 gac).

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICNIBHBIX TEM, BOIPOCOB, ClEIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
JIEKTODPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus

npopuJib NOArOTOBKHU: buorexHonorust u GuoMeUITMHCKAsT HHPOPMATHKA
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadeapa QUMK KUBBIX CHCTEM

Kypc: 1

KBaJU(PUKAHA: MarucTp

Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT
PaspaGorunkm:

K.W. Arnanze, 1-p 6uosn. Hayk
B.A. Ilpenas, kana. OMoII. HayK
[II.P. ®ponosa



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
HAyYHBIX 3HAHHUH B 00JIACTH OUOJIOTHYECKUX U
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3HaeT W CcHocoOEH  WCIIONB30BaTh B
mpo(eCCUOHANBHON  JIEATEILHOCTH  (PyHJAaMEHTAJIbHBIC
Hay4Hble 3HAHUS B  OOJNACTH  OWOJIOTMYECKUX |
(hU3HMKO-MaTEMATHICCKUX HAYK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 TIlonumaer MEXIOUCHHUIUIMHAPHBIE CBSI3M B
o0macTax XWMuW, OWONIOTMH, MaTeMaTUKd W (U3UKH H
crnocobeH WX  TOPUMEHSATh MNPH  pElIeHWH 33134
npodecCuoHaTbHOU e TEBHOCTH

OIIK-1.4 CnocobeH 1IaHUPOBAaTh, OPTaHU3OBBIBATH H
MPOBOJIUTH HAYYHO-HCCIIE0BATENILCKUE PA0OThI B 00NacTh
OMOTEXHOJIOTUH, TPOBOAMTH  KOPPEKTHYIO  00paboTKy
pe3yabTaToOB SKCIEPHUMEHTOB M JejaTh 00OCHOBaHHBIE
3aKJIFOYCHUS M BBIBOJIBI

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJabTaTax MCCIIeOBaHUN B
paMKax TeMaTW4eCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

[IK-1.2 CnocobeH HWCHONb30BaTh CHEIHATH3UPOBAHHEIC
3HaHHA (YHIAMECHTAIBHBIX Pa3esioB MaTeMaTUKH, (DU3UKH,
XUMHUM ¥ OHONIOTMM sl TOCTAaHOBKM W  pEIICHHSA
HayYHO-HCCIIEI0BATEILCKIX 3aja4 B obnactu
OMOMHXXEHEPUU B OMOUH(POPMATHKU

IK-1.3 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

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

IMK-1.5 CnocobeH co3naBark MpOrpaMMHBIE CpPEACTBA W
0a3pl JAHHBIX, HWCIHOJb3yeMble B OHWOMHXCHEPHH H
OMoMH(pOpMaTHKE

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pe3YIbTATC N3YUYCHUA JUCIIUITIINHBL «TkaneBas HUHXXCHCPUS» O6y‘-IaIOH_II/II\/’IC$I JOJIDKCH:

3HAThb:

OCHOBBI KJIETOUYHBIX TEXHOJIOTUH U UX MECTO B PET€HEPATUBHON MEIUIIUHE.
[TpuHIMIIBL ¥ BO3MOKHOCTH TKAaHEBOM WH)KCHEPUH C TOYKM 3peHUs] (PU3MOJIOTMU M KIETOYHBIX

TEXHOJIOTHH.

OCHOBHBIE NPEICTABICHHS O TKAHEBOW MH)KEHEPHH, KaK I3P(PEKTUBHOM MHCTPYMEHTE PEreHepaTuBHON

MEIHUITNHEL.
YMeTh:

HpI/IMeHSITL n HO):[6I/IpaTI: B COOTBCTCTBHHU C 3a/:[aqei/’1 OCHOBHBIC MCTOAbI KJICTOYHBIX TCXHOJIOTUH M

TKaHEBOU MHXEHEPUU OPraHOB.
BJIaJeTh:

3HaHUSAMH O BO3MOXKHOCTH MMPUMCHCHHS KJICTOYHBIX TEXHOJIOTHH B peFEHepaTHBHOﬁ MCIUIIUHC.
OCHOBHEIMH METOAAaMM KJICTOYHBIX TCXHOJIOTHI U TKAHEBOM HWHXXCHCPUU OPraHOB.




3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

Bo BpeMsi TekyI1ero KOHTPOJIs CTYAEHT AOJKEH YMETh OTBETUTh Ha BOIIPOCHI TEKYLIET0 Marepuara:

1) TxaneBast MHXEHEpUs U pereHepaTuBHasg MeauuuHa. OONacTh NPUMEHEHHS TKAaHEBOW MHXKCHEPUH,
OCHOBHBIE METO/IbI, HA KOTOPBIX OHA OcHOBaHa. [loHsATHE 0O OMOMETUIIMHCKON WHXKEHEPHH.

2) Knerounsie Kynsrypbl. OCHOBHBIE METOBI PA0OTHI C HUMH, crienu(uKa pabOoThl ¢ KJIETKAMH Pa3HbIX
TUIIOB.

3) Metonb! paboThI ¢ MEPBUYHBIMHU KJIETOUYHBIMH KYJIBTypaMu: paboTa ¢ 1a00paTOPHBIMU KUBOTHBIMH,
METOJbI BBIAECIICHUS KapAUOMHOLIUTOB U TE€NaTOIIUTOB.

4) Knerounsle TUHUN.
5) Ucnonb3oBaHue CTBONOBBIX KIETOK, METO/bI HAIpaBIEHHOH AU} (HEpEHIIUPOBKU.

6) IloHsiTHE O KJIETOYHOM PENPOrpaMMHUPOBAHMU, MHIYLWPOBAHHBIC ILIIOPUIIOTEHTHBIC CTBOJIOBBIC
kietku (UIICK). [Ipsimoe pemporpaMMupoBaHHe.

7)  Metonel CTPYKTYpHOH OpraHu3allii KJIETOYHBIX KYJIBTYp: THAPOIeIH, 3JIEKTPOCIUHHUHI,
TpeXMepHas Ie4aTh.

8) TkaneBast HHXEHEPHS Cep/La, OCHOBHBIE 0COOCHHOCTH Pa0OTHI C KApAMOMHOLUTAMHU.
9) OnekTpohrU3nONIOrHIecKre METOAbI U ONITUYECKOE KAPTUPOBAHHE.

10) OcHoBHBIE HAaNPaBJICHUS Pa3BUTHS TKAHEBOH HHXEHEPHH CEpLa.

11) TkaneBast MHKCHEPHS [IEUCHU.

12). KnetouHble TEXHOIOTUN B PEreHEPALNN KOCTHON TKaHH.

13) TxaneBas WHXEHEpHUsI HEPBHOW TKAHH

14). Perenepanus ceTyaTku 1iiasa

15) Coueranme METOOB TKAHEBOW WHXXCHEPUH C METOJAMH TeHETHYECKON MOmu(HKaIy KIIETOK H
TKaHeu.

Bo Bpems 3aHATHI MOTYT NPOXOAWTH WHTEPAKTUBHBIC OOCYXIEHHMS B dYarax Kypca, rae OymyT
OIyOJIMKOBaHbI JOMOJHUTEIbHBIE MAaTepHalIbl, CTaThU U pa3dopa 1 JOMAIllHUE 3a/aHusl. YCIEIIHOe
BBIIIOJIHEHUE BCEX 3aJaHUMM II0 KypCy U BBIIOJIHEHHWE KOHTPOJBbHBIX CpPE30B 3HAaHUM Jaer
MpPEeUMyIEeCTBO Ha T (HEepeHIUPOBAHHOM 3a4eTe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

AtTecTanysi 10 Kypcy TpOBOAHTCS TUPPEpEeHIIMPOBAHHBIM 3a4eToM. JIuddepeHIpoBaHHblii 3a4eT
COCTOMT U3 OTBETA HA OJMH M3 TUIOBBIX OMJIETOB, IIPE/ICTABICHHBIX HIKE:

burer 1.
1) O6BsicHUTH 0COOEHHOCTH PabOTHI C MEPBUYHON KYIBTYPOH U C KIETOYHOH JIMHUEH.

2) OOBACHUTH pasinuua MCEXKAY TOTCHOTCHTHBIMH, IINIFOPUIIOTCHTHBIMU W MYJIbTUIIOTCHTHBIMU
CTBOJIOBBIMHU KJICTKaMMH.

buner 2.
1) Uro Takoe KJIETOYHOE penporpaMMUpPOBAHUE U €TO OCHOBHBIE METO/IBI.
2) Kakue ocHOBHBIE (PM3UOIOTHYECKUE PYHKITUH BBITIOTHSIIOT KapJUOMHUOIIUTHI?

buner 3
1) Kakue cymiecTByI0T OCHOBHBIE METO/IBI UCCIIEAOBAHUA AIEKTPUUECKON aKTUBHOCTH KIIETOK?

2) Kakumu crioco6aMu MOXKHO 00€CTIeYUTh HEOOXOMUMYIO apXUTEKTYPY KYJIBTHBHpPYEMOW TKaHu B 2D
u 3D?

buier 4
1) Kakue ocHOBHEIE (pru3nonorndeckre GyHKIIUU BHITOIHSIOT T€NaTOIUTHI?

2) Kakue ocHOBHEIE 001acTH MNPUMCHCHUSA TKAHCUHKCHCPHBIX CCPACUHBIX J'IOCKyTOB?

buier 5



1) Kakue oOBEKThI, B KOTOPBIX MPHUMEHSETCS KIETOUYHOE PErnporpaMMHpPOBaHUE HEPBHON TKAaHU BaM
W3BECTHBI?

2) Kakume »sTHuYecKMEe NPUHLMIBI M PETYSIIMA BaM HM3BECTHBI IpU pabOTe C KXUBOTHBIMH H
YeJI0BEYECKUMU KIIETKaMU?

[IpenonaBaresns UMEET MPaABO TAKKE 3a4aTh PSJ JAOMOJHHUTENBHBIX BOMPOCOB M3 TE€M IPONHAEHHOIO
Marepuana:

1) TkaneBas MHXKEHEpHUsI U pereHeparuBHas MeauiuHa. O0nacTe NPUMEHEHUS! TKAHEBON MHXCHEPHH,
OCHOBHBIE METO/IbI, HA KOTOPBIX OHA OCHOBaHA. [IoHATHE 0 OMOMEANITMHCKON MHKEHEPHUH.

2) Knerounsie kynsTypbl. OCHOBHBIE METO/IbI PA0OTHI C HUMHU, CIIeIU(pUKa paOOThI ¢ KJIETKAMU Pa3HbIX
THUIIOB.

3) Metoznsl paboThI ¢ IEPBUYHBIMU KJIETOYHBIMHU KYJIBTYpaMu: paboTa ¢ JIaOpaTOPHBIMHU )KUBOTHBIMH,
METO/IbI BBIAETICHUS KapIUOMHOLIUTOB U IeNaTOLUTOB.

4) KneToynsie TUHUM.

5) Hcnonb30BaHue CTBOJIOBBIX KIETOK, METO/IBI HAITPABICHHOH TN HEpEeHITUPOBKH.

6) IlonsATHE O KJIETOYHOM pENPOrpaMMHUPOBAHUU, WHIYLIUPOBAaHHBIC IIJIIOPUIIOTEHTHBIC CTBOJIOBBIE
kietkd (UIICK). IIpsimoe penporpaMMupoBaHue.

7)  Metonsl CTPYKTYpPHOH OpraHM3aldy KJIETOYHBIX KYJIBTYp: THAPOTENH, JIEKTPOCIHUHHUHI,
TpeXMepHas Ie4ars.

8) TkaHeBast ”H)KEHEPHS Cep/illa, OCHOBHbIE 0COOEHHOCTH PabOTHI ¢ KapANOMHUOLIUTAMH.

9) OnekTpoU3HONIOrHnIecKre METOIBI U ONITUYECKOE KAPTHUPOBAHUE.

10) OcHOBHBIE HampaBIeHUs Pa3BUTH TKAHEBOW WHKEHEPUU CEP/Ia.

11) TkaHeBas MH)KEHEPHS MEUEHHU.

12). KnetouHble TEXHOJIOTHH B pET€HEPAIIUU KOCTHOM TKaHH.

13) TkaHeBast UH)KeHEepUa HEPBHOW TKaHU

14). Perenepanus ceT4aTku riaza

15) Coueranuie METO/IOB TKAHEBOW WHXKECHEPHUH C METOJaMH T€HETHYECKOW MOIU(UKAIUKM KIETOK U
TKaHEM.

Kputepun onennBanus

Onenka ommyao (10 OamnoB) - BBICTABIISIETCSI  CTYHACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHWSA Y4eOHOW NporpaMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYECCKH
INPUMEHATh UX Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHo (9 OamioB) - BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka ommyHO (8 0amwuioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.

Ouenka xopouio (7 6aIoB) - BBICTABISETCS CTYICHTY, €CIM OH TBEPJO 3HAET MaTepHaj, TPaMOTHO M
[0 CYIIECTBY M3JaraeT ero, yMeeT NPUMEHSTH MOJy4YeHHBbIC 3HAHUS HA MPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomuro (6 6ayuIoB) - BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[0 CYIIECTBY H3JIaraeT €ro, yMeeT NMPUMEHATH IOJMyYCHHBbIC 3HAHWS HA MpPAKTHKE, HO JOMYCKAeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.

Onenka xopomio (5 0aiioB) - BBICTABISETCS CTYJCHTY, €CIM OH B OCHOBHOM 3HAaeT MaTepuall,
IPaMOTHO M IO CYLIECTBY H3JaraeT ero, ymMeeT NPHUMEHSTh HOIY4YCHHbIC 3HAHMS Ha IMPAKTHKE, HO
J0-ITyCKaeT B OTBETE WJIM B PELICHUH 3aJa4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.

OrneHka yIOBICTBOPUTENHHO (4 Oamna) - BBICTABISIETCSl CTYJACHTY, MOKa3aBileMy (parMEHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH MPOrPaMMHOTO MaTepuana, HO IpU 3TOM
OH OCBOWJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.



Omnenka ymoBieTBOpUTENbHO (3 Oamna) - BBICTABISIETCSl CTYJACHTY, MOKa3aBileMy (parMEeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM IOCIEeIOBAaTENbHOCTH B M3JIOKEHUM IPOrPaMMHOIO MaTepuana, ciado
BJIa-JIC€T OCHOBHBIMHU pazzieliaMu Y4eOHOM MporpaMmbl, HEOOXOIMMBIMH JIJIS JAJIbHEUIIIEro 0O0y4YeHUs 1
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYalHH.

OueHka HEy10BIETBOPHUTENBHO (2 Oaa) - BEICTABISETCS CTYACHTY, KOTOPBIil He 3HaeT OoJbIIeH JacTH
OCHOBHOTO COJepKaHUsl y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYSHHBIEC 3HAHUS NP PEIICHUN
THUIIOBBIX 33/1a4.

Ouenka HeynoBieTBOpuTenbHO (1 0ayur) - BBICTABISCTCS CTYACHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCIUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3ajad.

5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

ITpu mpoBenennu yctHoro auddepeHmpoBaHHOro 3aueTa odyyaromemMycs npenocrasisercs 30 MUHYT
Ha noArotoBky. Omnpoc oOy4aromerocs no OMJIeTy He AOJKEH MPEBBILATh OJHOTO aCTPOHOMHUYECKOTO
Jaca.



