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1. Mecto nucuunianebl B crpykrype OIl
Huctunmmaa  b1.B.02«®Dusunonorus pacTeHWil> OTHOCUTCA K 4YacTH, (HOPMHPYEMOM
y4aCTHHKaMH 0Opa30BaTEeNbHBIX OTHOUICHWH TIO0 HampaBieHuio mnoarotoBku 44.03.05.
[Tenarornuyeckoe obpazoBanue (npoduib: 'eorpadus. buonorus).[Ans ocBoeHUs! AMCLHUILUINHBI
b1.B.02«®u3nonorus pacTeHuiD» CTyACHT A0JDKEH 00J1a1aTh 0a30BbIMU 3HAHUSMH, YMEHUSMH U
HaBBbIKAMH, IOJYYEHHBIMU B pE3yJIbTaTe M3y4YEHMs NUCLMIUIMHBI «AHATOMHUS U MOP(OJIOrUs
pactenmii», «CucreMaTika pacTeHui» Takke ydeOHoU npakTuku «boTanukay.

ITockonbKy Ul MOHMMAaHUS MEXaHU3MOB, POJIM M B3aUMOCBS3HM (PU3MOIOTMYECKUX
IPOIIECCOB B PACTUTEIHHOM OpraHu3Me HEOOXOIMMbI 3HAHHUS B 00JIACTH TMCTOJIOTHH, aHATOMHH,
MOp(OIOruH, OMOJIOrHYECKOr0 pa3sHOOOpa3usl pacTeHUM, yMEHHUs B OOJIACTH MPUTOTOBJIECHUS U
aHaIM3a  MUKpOINpENaparoB  TKaHEM  pacTeHWH, HaBBIKM  MHUKPOCKOIIMPOBAHMS U
MOP(OJIOrHUECKOro ONMMCAHUS PACTEHUH pa3HbIX BUIOB. [l ocBOeHMs (PU3MOJIOTUU pacTeHUM
HEOOXOAMMBI 3HAHHMSI W YMEHHS B OOJACTH XHMHUH, IMOCKOJBKY OCHOBY (DH3HOIOTHYECKHX
IPOLIECCOB COCTABISIOT B3aUMOCBS3aHHBIE MEXIy €000 OMOXMMHUYECKHE MpPOLECChl, a
LEJIOCTHBIH  pPAcCTUTENbHBIM OpPraHU3M MPEJCTaBIsET COOOM  OTKPBITYIO, YCTOWUYUBYIO
TEPMOJIMHAMMUYEKYIO CUCTEMY, (YHKIIMOHMPYIOUIYI0 Ha MpUHLUNAX oOpaTHOH cBsA3u. B cBoro
ouepenb, (U3UOIOTHS PACTCHUH CIYXKHUT (PYHAAMEHTAIBHOW, TEOPETUYECKOM Oa3oil  aus
U3y4YEHHs MOCIETYIOIUX AUCHUILUIMH: UTOIOIUS, MOJIEKYJIIpHas OMOJIOTUs, MUKPOOUOJIOTHS,
OMoXUMHSL.

2.Il;1aHupyemble pe3yJibTaThl 00y4eHHs 110 THCIHILIHHE

Komnerennus NHaukaTopsl TOCTHXEHUS (B COOTBETCTBUH C pa3/iesioM 7
oOuieit xapakrepuctuku OIT BO)

IMK-5.Criocober  HCIob30BaTh | 3HATH: PU3UOIIOTHIO, 0COOEHHOCTH OHTOT'€HE3A;

Hay4yHble 3HAHUS U MPUMEHSTH
COBPEMECHHEIC METO/IBI
00paboTKH, aHalM3a U CHUHTE3a
MOJIEBOM, TPOU3BOJACTBEHHON U

nabopaTopHOil  OHOIOrHYecKoi
uH(popMalun B rporecce
dbopmupoBaHus peaMETHON

KOMIICTCHIINU 06yqa}onmxc;1 B
pamMKax peaju3aldd OCHOBHOM
00111600pa3oBaTENHHOM
MPOrPaMMBI

6I/IOJ'IOFPI‘ICCKI/I6, MOJICKYJIPHO-TCHCTUYCCKHUC, KIICTOYHBIC U

OUTOJIOTHYECCKUEC MEXaHU3MBI HaCJICACTBEHHOCTHU u
W3MEHUYHUBOCTH; Hay4YHbIE MPEICTABICHUS 0
CUCTEMATHUYECKUX rpymmax pacTeHuni; OCHOBHBIE
OuoNoruyecKre, TEXHOJIOTHYECKHMEe U  SKOJOTHYECKHe
0COOEHHOCTH MPOU3BOJICTBA CENIbCKOXO03CTBEHHOM
MPOAYKIMY; o011yIo XapaKkTEePUCTUKY OCHOBHBIX

CEJIbCKOXO3SMCTBEHHBIX PpACTeHHMH, UX OHOJOrHYECcKHe
O0COOCHHOCTH U 9KOJOTHYECKHe TpeOOBaHUSI.

YMerb. aHanu3upoBaTh OuoMaTepuan B J1abDOpaTOPHBIX
yCIOBUAX; pabOTaTh C MHKPOCKOIOM; AaHAIU3UPOBATh H
COTIOCTABJISITh MEXAY cOo00i (DaKThl U UX TEOPETHYECKHE
WHTEPIPETAINH; BBISBIISATh PUINHHO-CIICICTBEHHBIE CBS3H
MEXy SBICHUSMH; CBOOOTHO OINMEPUPOBATh OCHOBHBIMU
MOHATHIMHU i KaTeTOpHUsIMU; MIPUMEHSTH
€CTECTBEHHOHAYUHbIE 3HAHUS B yueOHOU u
MpOPECCHOHAIBHONW  JCATENBHOCTH;,  IUIAHUPOBATh |
MPOBOANTH OHOJIOTUYECKUE DKCHEPUMEHTBHI, a TaKxKe
aHAJM3UPOBATh U MHTEPIPETUPOBATH UX JAHHBIC.

Baagernp: mMeTomamu orbopa M aHalu3a OHMOIOTUYECKUX
po0; METOUKON UCCIEOBAaHUS OMOJIOTMYECKUX O0BEKTOB;
METO/IaMH CBETOBOM MUKPOCKOIIMH; HaBBIKAMU MPOBEICHUS
OMOJIOTUYECKUX HCCIEAOBAaHUN B 1a00OpPaTOPHBIX YCIIOBHSIX;
HABBIKAMU aHaiu3a U 0000mIeHuss MHpopMaIuu; 0a30BbIE
3HaHHUS B 00JIACTH OMOJIOTHYECKUX HAYK W NMPUMEHEHHS HX
METOJIOB B  Pa3NUYHBIX BUJaX NPO(HecCHOHATHLHOM
JIeITEIILHOCTH.

3. CoaepxaHue U CUMILIMHBI




OcHoBHBIMU (opMamMu OOyUEHUS B XOJ€ M3yUCHHS AUCIUILIINHBI SBISOTCS Jekiuu (40
4yacoB), 1aboparopusbie 3ausaTus (56 yaco), camocrosiTenabHas pabora cryaenToB (93 yaca).

Pa3znen 1. ®usnonorus pacTUTENIbHON KIETKHU.

Paznen 2. MunepanbHOE MUTAHUE U BOJHBINA PEKUM PACTECHUM.

Pa3nen 3. Jlpixanue pacteHuil.

Paznen 4. ®orocunres.

Paszgen 5. Poct u pa3BuTHe pacTeHUN.

Paznen 6. YCTOMYMBOCTD pacTeHUI.

4. TeMaTH4ecKHil MJIaH

Ne Paznenst u Bcero DOpMBI 3aHATHI
n/m TEMBI 4acoB | JICKI[MM | CEMHHApPHI | 1a0OpaTOpHBIC | CaMOCT.
3aHSTHUS pabora
Paznen 1. ®usnonorus pacCTUTEILHON KIETKU

1. |Knerka kak CTpPYKTYpHO- 3 2 1
GyHKIIMOHATbHAS €IMHHULA
pPacTUTENILHOTO OPraHnu3Ma

2. |Ilmazmonus 1 neria3mMoiins 5 2 3

3. | OU3MKO-XHUMHYECKHE 5 2 3
CBOICTBa [UTOTLIIA3MBbI
paCTUTENBHON KIIETKU

4, [locrynnenne  BoAsl B 3 2 1
PacTUTENBbHYIO KIETKY

5. | Cocymas cuia KIeTok 5 2 3

6. OcMoTHYeckoe  JaBl€HUE 5 2 3
KJIETOK PaCTEHHI

7. | lloctymuienue HMOHOB B 3 2 1
pPacTUTENLHYIO KIETKY

8. CaoiicTBa KUBOU u 5 2 3
MEpPTBOM IIUTOIIA3MBbI

9. [locTynnienne BemiecTB B 5 2 3
pPacTUTENBHYIO KIETKY

Pa3nen 2. BonHbIl peXMM M MUHEPAJIbHOE MUTAHUE

10. | Boasblil pesxuM pacTeHui 3 2 1

11. | Ilocrynienue 17§ 5 2 3
NepeaBIKEHNE BOJBI 10
pacTeHuro

12. | [loctymienue  BoABbl B 5 2 3
MIPOpPACTAIOIINE CEMEHA

13. | Tpancniupanus 5 2 3

14. | MunepanbHOe MUTaHUe 3 2 1
pacTeHui

15. | O0beM KOpHEBOW CHUCTEMBI. 5 2 3
Oomas U pabouas
ITOBEPXHOCTh KOpHEN

16. | MUKpOXMMHUYECKHI aHATU3 5 2 3
30JIbl PACTEHUI

17. | ObHapyxeHHuE HUTPATOB 5 2 3

Pasnen 3. Jlpixanue pacteHui

18. | I'muxomuTHyeckuii mys | 6 | 4 ‘ ‘ ‘ 2




JBIXaTETBHOTO
MeTabonu3ma

19. | O6napyxeHue JIbIX aHUS 6 2 4
pacTeHui

20. | UHTeHCUBHOCTD OBIXAHUSA 6 2 4

21. | Ompenenenue  apIXareib- 6 2 4
HOTO KOd(huimenTa

22. | Ilenro3odocdarHbiii myTh 3 2 1
JIBIXaHUS

23. | Ilotepss cyxoro BemlIecTBa 6 2 4
MIPH TPOPACTAHUN CEMSTH

Pazgen 4. ®orocunres

24. | Ilurmentsl oTOCHHTE32 3 2 1

25. | Ou3UKO-XUMHYECKUE 4 2 2
CBOMCTBA IMUTMEHTOB
(dhoTocuHTE3a

26. | CeeroBas daza 5 4 1
(dhoTocuHTE3

27. | KonnmgecTBeHHOE 4 2 2
OIpEeJICJICHUE MMTMEHTOB

28. | TemHoBas daza 3 2 1
(dhoTocuHTE3

29. | UHTEHCUBHOCTD 4 2 2
(dhoTocuHTE3a

Pasgen 5. Poct u pazsutue

30. | KierouHbie OCHOBBI pocTa 3 2 1

33. | OcobeHHOCTH pOCTa KJIETOK 3 2 1
KOpHS

34. | ®UTOropMOHBI 5 4 1

35. | Baustanue GpUTOropMOHOB Ha 4 2 2
IpOpacTaHue CeMsIH

36. | Mopdorenes pacreHuit 3 2 1

37. | OcobenHOCTH pocra 4 2 2
OpPraHOB pacTeHHH

38. | PocToBBIE NBMKEHUS 4 2 2

39. | IlonsipHOCTh pacTeHU WU 4 2 2
amnMKaIbHOE
JOMUHHUPOBaHNE

40. | Perenepanus 4epeHKOB 4 2 2

41. | Pa3BuTHe pacTeHH 3 2 1

Paszgen 6. YcTONYMBOCTE pacTeHMit

42. | MexaHU3Mbl YCTOWYMBOCTH 3 2 1
pacTeHui

43. | Mopo30ycTOMYTBOCTh 4 2 2
pacTeHui

44, | XoJ0I0CTOMKOCTE u 3 2 1
MOPO30yCTOMYMBOCTD
pacTeHui

45. | ’KapocToiKOCTh pacTeHUM 4 2 2

46. | 3acyX0yCTOMYHBOCTH 3 2 1
pacTeHui




47. | U3smenenue 4 2 2
MIPOHHUIIAEMOCTH
LATOINIA3MBI
PaCTHTENBHBIX KJIETOK O]
BIIMSTHAEM BBICOKHX
TEMIEpPaTyp
[ToaroroBka K 3K3amMeHy 27 27
HUTOI'O | 180 40 56 94

5. Buabl yueOHoii 1eATeIbHOCTH
Jlexknuu

Pazjnen 1. ®usunosiorusi pacTUTeIbLHON KJIETKHU
KueTka Kak cTpyKTYpPHO-(QYHKIMOHAJIbHAS eJUHHUIA PACTHTEJIHLHOI0 OPraHu3Ma
XapakTepHbIe YEpPThl CTPOEHUS PACTUTEIBHOW KJIETKU B CBSI3M C OCOOCHHOCTSIMH €€
JKU3HENIESITEIIbHOCTH U IIEJIOCTHOTO PacTUTENIbHOr0 opranu3mMa. KierouHas cTeHKa, MIacTHIbI
KaK CJeICTBAE (POTOCHHTETHYCCKOTO THMA MUTaHWs. Bakyollb W OCMOTHYECKHE TPOIECCHI, UX
00YCIIOBIEHHOCTh MPHUKPEIJICHHBIM 00pa3oM JKM3HU pacTeHHil. XapaKTepHble 4epThl OOMEHa
BEILIECTB PACTUTEIBLHON KIJIETKU: IOCTYIUICHUE, HCIIOJIb30BAHUE U BBIBEJCHUE BEILIECTB, SHEPTUU
1 nH(MOpMAIUY U3 KICTKU PACTCHHS.
IHocTryniieHne BOAbI B PACTUTEIbHYIO KJIETKY
Huddys3us u ocMoc Kak HU3MKO-XUMUYECKUE TPOIIECCHI, TPOTEKAIOIIUE B PACTUTEIbHOM
KJIeTKe. PacTuTenpHas KJIeTKa Kak OCMOTHYECKAas CHCTEMa C TOYKHM 3PEHHS Ia30BbIX 3aKOHOB.
Cocymias cuna, 0CMOTHUYECKOE JIaBJIICHHE, TYPrOPHOE JaBJICHUE, B3aUMOCBA3b 3TUX BEJIMYUH; UX
W3MEHEHUE B PAa3HbIX YCIOBUSX VYBJIAKHEHUS KIETKA. TepMOAMHAMUYECKUN TOAXOJ B
OOBACHEHMH KIIETKM KaK OCMOTHYECKOM CHCTEMBI. XHUMHYECKHH MOTeHIHand. BoIHBIHA
MMOTEHITMAN U €r0 COCTaBjsAromue. Poilk BOAHOrO MOTCHIIMANA B JKHU3HEACATCILHOCTH KIICTKH.
BoaHbIM peXuUM KIIETKH.
[HocTyniieHne HOHOB B PACTUTEJbHYIO KJIETKY
buonoruueckue memOpaHBI: COCTaB, CTPOEHHUE, CBOMCTBa, (QYHKIUH B KieTke. Poib
Ma3MajieMMbl KaK TMOTpaHUYHOW MeMOpaHbl. TpaHCIOPT MOHOB M MAaJlbIX MOJICKYJ dYepe3
IJI1a3MajJeMMy: IIyTH U MeXaHW3Mbl. [lacCHBHBIN TpaHCHOPT BELIECTB, POJIb NEPEHOCUYMKOB U
WOHHBIX KaHaIOB. J[[BIKyIIME CHJIBI TIaCCUBHOTO TIEPEHOCAa BEIIECTB Yepe3 MeMOpaHy.
AxTHBHBIH TpaHcropT BemiecTB. AT®-a3bl, BO3MOXHBIE MEXaHU3MBI UX (YHKIIMOHUPOBAHHUS.
JIBkymue CUiibl aKTUBHOTO TiepeHoca BemiecTB. CUMMIOPT, aHTUIOPT, KOTPAHCIOPT, HX
0COOCHHOCTH Y 3HAUCHUE B JKM3HH KJICTKH.

Pa3nes 2. BogHblii pe:kuM M MUHepaJIbHOe IUTAHHE
BopaHblii pexxum pacTeHui

[ToctynuieHnne BOoAbl 1 MMHEPAJIBbHBIX BEIECTB B KIETKU PU30JEPMbI KOpHS. PaananbHblii
TPAHCIIOPT, MEXAaHWU3MbI 3arpy3Ku KCHUJICMBI. FpazmeHT BOAHOI'0O IMOTCHIMAIa KaK ABHXXYIIAas
CHJIa BOJHOTO TOKa B pacTeHuu. KopHeBoe JaBiieHHE: OCMOTHYECKass M MeTaboiIuyecKas
COCTaBJIAIOIIUC. TpchnopT U HUCIIOJIB30BAHUC BOJbI MU MHHCEPAJIBHBIX BCIICCTB HAA3CMHBIMU
opraHamu. TpaHcnupanuss — BEpXHHM KOHILIEBOW JBUraTelb BOJOTOKA, €€ 3HaueHue. CBA3b
TpaHCTIUpAIMU C (OTOCHHTE30M W MEPEHOCOM BemiecTB 1o modery. OcoOeHHOCTH yCTHhHYHOU
TpaHCIIHMpALX, BO3MOYKHBIE MEXAHU3Mbl. OTambl YCTBMYHOM TpaHcnupauuu. MexaHn3mbl
peryjiaunuu UCIapC€HUsA BOJbI PAaCTCHHEM Ha PA3HBIX 3Tallax TpaHCIIHpPAlW. BO)IHI:If/i PEXKUM
LIEJIOT0 pacTeHus. BnusHue M3MEHSIOMUXCs SKOJOTHIECKUX (PAKTOPOB Ha COCTOSHUE BOJHOTO
OaslaHca pacTUTENILHOTO OpraHu3Ma.

MuHepanbHOE NUTAHUE PACTEHHUH

MuHnepanpbHOe THTaHUE KaK (U3HOJOTHUYECKHI Tpolecc pacTeHWi. MaKpodJIeMeHTHI,

MHKPO3JICMCHTEIL. MexaHu3MBI NOCTYIUICHUS HOHOB B KOPHCBYIO CHUCTCMY H HNCPCABUKCHUC




MOHOB N0 pacTeHuto. Pusnonornyeckas posib azota. @opMel a30Ta B MOYBE, AOCTYNHBIE JUIS
pactenuii. CumbuoTuueckas u HecumOnoruyeckasazordukcauus. Tpancnoprasie Gopmbl a30Ta
B pacreHuu. [lpouecc BOCCTaHOBIIEHHS HUTPATOB 1O aMMHUaka. YTHUIM3alus aMMHaka B
pacTeHusx:  OHMOCHHTE3  MEepPBUYHBIX W  BTOPUYHBIX  AMUHOKHCIOT  (TIepBUYHOE
BOCCTAaHOBUTEJIBHOE aMUHUPOBAaHUE U TPaHCAMUHUPOBaHuE). KpyroBopoT a30THCTHIX BELIECTB B
pactenuu. [lornorurenbHas, NpoBOASILAL U CHHTETUYECKAS POJIb KOPHEBOM CUCTEMBI.

Paznen3. /Ipixanue
I'iMkonuTHYeCKUi My Th AbIXaTEJBHOI0 MeTadoJIM3Ma

JlbIxaHWe M €ro 3Ha4YCHUE B JKU3HM PACTEHMHM KaK OCHOBHOI'O IIOCTaBLIMKA DHEPIHHU U
IUIACTUYECKUX BELIECTB. [JIMKOIUTHUECKUN (AMXOTOMHUYECKHI) IyTh IbIXaHUS KaK OJHWH U3
OCHOBHBIX TIyTei. AdpoOHas (a3a (TIUKOIU3), JIOKATHU3AIUs B KIETKE, XUMHU3M, CyOCTpaTHOE
dochonmupupoBanue, NPOAYKTHl TJIMKOIM3a. 3HAYCHHE TJIMKOJIM3a B DSHEPreTUYECKOM U
IlacTHueckoM oOMeHe. AlspoOHas ¢asza. OxucnurenbHoe nexapOokcunuposanue [IBK. Ilukin
TpukapOoHOBEIX KucIOT (uukin Kpebca). dpixarensnas DTL[ MUTOXOHAPHIA M OKUCIUTEIHLHOE
dochopunrpoBanue. JHEPreTUYECKUN BBIXO] ITUKOJUTHUECKOTO MYyTH, BKJIaJ B IIACTUYECKUIN
0OMeH.

IlenTo30dochaTHbIii MyTh IbIXaAHUA

[lentro3zodochaTHbIl MyTh ABIXaTEIBHOTO META0OMM3Ma, €ro JIOKATU3alus B KIETKE,
XMMHU3M, 3HEPreTUYECKH BBIXOJ M 3HadeHue B IuiactTuueckoM obmene. Ponp OTL( B cunrese
AT®. 3nauenune mneHto3odocharHOro MyTH B pacTyIIUMX KIIETKax. BiHsHHE SKOIOTHYECKH
(bakTOpoB (Comep)KaHUS KHUCIOPOJA, YIJEKUCIOro ras3a, TeMIepaTypbl, MEeXaHHYEeCKHUX
MOBPEXICHHU, OBOJHEHHOCTH) Ha MpoIece AbIXaHus. [IprxarenbHblii Kodduumer.

Pazpen 4.@orocunres
IHurmenTs! porocunTe3da

@DOTOCHHTETHYECKHE THUIMEHTBL: XJOPO(UIUIBI, KAapOTHMHOMJBL, (UKOOWIMHBI, HX
XUMHUYECKMHM COCTaB, CTPOEHUE, XHUMHUYECKME M (U3NYECKHE CBOWCTBA, JIOKaIM3alus B
IUIacTHAX, poiib B porocuntese. [lonsarue o ¢porocucremax. @orocucrema 1 u gporocucrema 2
KaK anmapaTr, oOecHeuMBaIOIIMN IMPOTEKaHHE CBETOBOM (a3bl ¢oTocuHTe3a. PeaknnoHHbIE
LIEHTPbI dorocucrem, AHTCHHbIE KOMIUIEKCBI, CBETOCOOMpAroIIye KOMIUIEKCBI,
anekTpoHtpancroptasle  nenu  (OTL)). Mexanusmbl  B3aUMOJEHCTBUSI ~ KOMIIOHEHTOB
dotocuctem.

CgeroBas (a3a orocunTesa

CeeroBasg (aza kak couyeTaHue QUTOPU3UYECKUX U (OTOXUMHUECKUX MPOIECCOB.
®doroduznueckuil sTan cBeToBoil ¢pasbl porocuHTe3a. [lornomnienre KBaHTOB CBETa MOJIEKYJIaMU
xyopopuiuia. YpoBHM BO30OYXKIAECHHS MOJIEKyNl xyopoduiuia. TpaHchopmanus SHEPrud B
dotodpuznueckom ortame. Doroxumuueckuit dTam  cBetoBoM  (Qaspl. [{ukimueckwit  u
HEIUKINYECKMH MOTOK auekTpoHoB B OTI[ xmopomnactoB. IlpeBpamienust sHeprum B
dboToxummuueckoM 3tare. Mexanusmel otonuza Boasl. PoTodochopunupoanue. ConpspreHne
TpaHcnopTa 31eKTpoHOoB ¢ cuHTe30M AT® B OTLI. IIpoayKkTsl cBETOBOI (ha3bl.

TemuoBasi ¢pa3a porocuHTe3a

TemuoBast ¢asza ¢dorocunreza kak Ouoxumuueckuil stan. Lukn KansBuna (Cs-myTh
TEMHOBOW (UKCAllMU YIJIEKUCIOro Tas3a), €ro JIOKaJu3alus M JTambl: KapOOKCHIMpPOBaHHE,
BOCCTaHOBJICHHE, pereHepainus. lcnoiab3oBaHHe NPOIYKTOB CBETOBOW (ha3bl B TEMHOBBIX
peaknmsx. [lomaua yrinekucnoro raza y Cz- u Cs-pacteHuit u oopazoBanue MetadonuToB. L{uxr
Xstua — Cmxa - KaprnunoBa (Cs-myTe TEMHOBOW (UKCAllMM  YIJIIEKUCIOro rasa),
MeTabonnyecKue 0COOEHHOCTH U CTpOeHHE (POTOCHHTETUYECKOro ammapaTa. AJanTHUBHAS POb
C4-myTH TEMHOBOM (PUKCAIIH YTIIEKHCIIOTO Ta3a.

Paspnen S. Poct M pasBuTHE pacTeHUit
Knero4yHbie 0CHOBBI pocTa



Pocr n ero xpurepuu. PocT KIETOK Kak OCHOBa pPOCTa MHOI'OKJIETOYHOIO OpraHu3Ma.
Oco0eHHOCTH POCTa KJIETOK PACTEHHH 10 CPaBHEHHUIO C KJIETKaMHU >KMBOTHBIX. XapaKTepHbIE
ocobeHHOCTH (a3l IMOPUOHATIBHOM, PACTSXKEHHS, OKOHYATEIbHON TU(PEepEeHIIMPOBKH KIIETOK.
OU3NOJIIOTUYECKUE  IPOLECCHl, IPOTEKAarIMe Ha 3TUX cTaauax. OMHUIIOTEHTHOCTb
(ToTunoreHTHOCTH). KynbTypa TKaHel M KJIETOK, (yHJAMEHTAIbHOE W MPHUKIATIHOE 3HAUYCHUE
JaHHOTO MeToa. Mcnonb3oBaHue KyabTyphl KJIETOK U TKAHEH PACTEHUN B TEHHON MHKEHEPHH.

DUTOrOpPMOHBI

ITonsatue o putoropmonax. GUTOropMOHBI Kak OCHOBHBIE PETYJISATOPBI POCTA U PA3BUTUS
pacrenuii. OOmme MexaHU3Mbl (PUTOTOPMOHANBHOW perynsauuud. PUTOrOPMOHBI-AKTHBATOPHI
POCTOBBIX IPOLIECCOB: AYKUCHHBI, LIUTOKMHUHBI, TMOOEpENIMHBI, UX XMMHUYECKas MpUpOAa,
JoKanmu3alMs OWocuHTe3a U (usmonornyeckoe neiicteue. DUTOrOPMOHBI-MHTUOUTOPHI
POCTOBBIX IPOLECCOB: abCLUU30Basi KUCIOTA, ITUIEH, UX XUMHUYECKass NPUPOAA, JOKaIU3alus
O6uocuHTe3a M (U3NOJIOTHUECKOE JIeicTBHE. B3aumozeiicTBue GUTOropMOHOB pa3HBIX TPYII HA
YPOBHE 1I€JIOTO  pacTeHHs; (UTOropMoHaibHble 1moysA. [IpakTHueckoe HCIOIb30BaHUE
(UTOrOPMOHOB U UX CUHTETHUYECKUX aHAJIOTOB B pPaCTEHUEBOICTBE.

Mopdorene3 pacrenuii

Ocob6ennoctr qudHepeHIMPOBKY U POCTa LEIOCTHOTO pacTeHus. MopdoreHes modera u
KOpHS, €ro MEXaHH3Mbl, pOJIb (PUTOrOPMOHOB pa3HBIX TIPYII B peryasuuu MopdoreHesa
opraHoB pacreHus. Muaykuus nossgpusanuu y pacteHud. KoppensTuBHBIA pPOCT, €ro
ajanTUBHasE poiib. PoOCTOBBIE JBM)KEHUS pacTeHUll, UX NPUCHOCOOUTEIbHOE 3HAuYCHHE.
PUTOropMOHAIIBHAA peryisnus POCTOBBIX JIBHYKCHHM. JIoHOpHO-aKLEeNnToOpHbIE
B3alMMOOTHOUICHMSI ¥ TPAHCIIOPT aCCUMMWJIATOB B pacTeHuu. [lepnonnynocts pocTa.

PasBurTHe pacreHuit

Ilonsatue pas3Butus pacreHuil. Cno)kHas IUAJEKTUYECKas CBA3b DPAa3sBUTUA M pOCTa
pactutenbHoro opraHuzMa. OCOOEHHOCTHM pa3BUTHUSI pacTeHUH. MeXaHu3Mbl 1LIBETEHUS
pactenuii. Teopuss ropmonanpHoro 1BereHus M.X. Yaiinaxsna. ['mnoresa ¢uopurena. Ponb
(GuUTOrOpMOHOB B IIpollecce IBETEHMs. SIBIeHHE sipoBU3alMU. SIpoBbIe, 03UMBbIE, IBYPYUKH, UX
du3nogornuecKkue 0CoOOCHHOCTH. AJANTUBHAs poiib spoBu3anuu. POTONEepHoaN3M pacTeHUH,
ero (pu3HoI0rnueckre MexaHu3Mel. Pactenus KOpoTkoro u auHHOro aHA. [IpucnocodurensHoe
3HaYeHue POTONEePUOANYECKUX PEaKIUil pacTeHU.

Pazgesn 6. YcroituuBOCTh pacTeHUi
MexaHu3MBbl YCTOHYHUBOCTH pacTeHHUH

IIpupona u cneuncuka ycroilunBoctu pacteHuil. CrnocoObl 3allUTBl U HAJEKHOCTh
pactutenbHoro opranuzMa. ®dusnonorus crpecca. llepBuunbie HecnenMPpUUECKUE CTPECCOBBIE
peaknuMM Ha KJIETOYHOM, TKAaHEBOM, OpPraHM3MEHHOM YpoBHe. Crenuduueckue 3aliuTHbIE
MexaHusmbl. Bxman  ¢uroropmoHoB B (opMupoBaHHE YCTOWYMBOCTH  pacTeHHH K
HEeOJIaronpusATHBIM (haKTOpam CpeIbl.

X0J1010CTOHKOCTH 1 MOPO30YCTONYHUBOCTH PacTeHUil

[ToBpexxnaroniee BIMSHUE HU3KUX IOJOKUTENIBHBIX TEMIIEPATyp HAa HEaJalTUPOBAaHHBIE
pacTeHus (MOJIEKYJISIpHbIE U KJIETOYHBIE MpOLEecchl). MeXaHn3Mbl XO0JI0OJIOCTOMKOCTH pacTeHUi
Ha MOJIEKYJISIPHOM, KJIETOYHOM, TKaHEBOM, OPraHM3MEHHOM ypoBH:X. [loBpexnatoiee BausiHue
OTpHULATENIbHBIX TEMIIepaTyp Ha HeaJalTHPOBAHHbIE pacTeHUs (MOJEKYJSpHbIE U KJIETOYHbIE
nporecchl). MexaHW3Mbl MOpPO30YCTOHUMBOCTH PACTEHHH HA MOJEKYISIPHOM, KIETOYHOM,
TKAaHEBOM, OpPraHM3MEHHOM YpOBHSX. 3akajlMBaHWE pacTeHMd K Mopozam: a3l U
(U3UOTOTHUECKUE MEXAHU3MBI.

3acyxoycTOHYUBOCTh pacTeHU

3acyxa u ee Buabl. [loBpexknaromiee BIMSHHE 3aCyXU HAa HEaJallTUPOBAHHBIE PACTEHUS
(MoOJIeKyJIIpHBIE, ~KIJIETOYHbIE, OpraHHble W OpPraHM3MEHHBbIE MpPOLECChl). MexaHU3MbI
3aCyX0yCTOMYHMBOCTH PACTEHMM Ha MOJIEKYJISIPHOM, KJIETOYHOM, TKaHEBOM, OPTaHW3MEHHOM
ypoBHsiX. Posb puroropmMoHoB B hopMUpOBaHUH 3aCyXOyCTOMYMBOCTH PACTCHUN. 3aKaTvBaHUC
pacTeHuN K 3acyxe.



JlabopaTopHble 3aHATHS
Pasznen 1. ®u3n0/10rusi pacTUTENbHON KIETKH
Tema 1: «IIJIASMOJIN3 U AEIIJIAZMOJIN3»

Henp: M3y4uTh YCIOBHSA, IPU KOTOPBIX IPOUCXOIAT IUIA3MOJIM3 M JEIUIa3MOJIU3;
BBUSICHUTh MEXaHW3MBbl ATHX SBJIEHMH, HAY4YMTbCS HCIOJB30BaTh IUIA3MOJIM3 KaK METOJ
WCCJICJOBAHMSI PACTUTEIBLHOU KIIETKH.

Xonx paborpl. CHATH € IOMOUIBIO MPENAPOBAIBHOM MIJIBI M IMHIETa KyCOYEK
SMUACPMUCA YEIIYH CUHETO JyKa, COAEPIKaIero aHTOLHaHbl. IloMecTuTs ero B Karuio BOJABI Ha
IIPEIMETHOE CTEKJIO, HAKPHITh IOKPOBHBIM CTEKJIOM M PacCMOTPETh B MUKPOCKOI. 3apUCOBaTh
KJIETKH B COCTOSHUM Typropa, 00O3HAa4MB KJIETOYHYIO CTEHKY, LIUTOIUIa3My, PO, BaKyoOlb.
3amenuts Boay 1| M pactBopom NaCl. PaccmoTpers mpemapar moJi MUKPOCKOIIOM, OTMETUTh
W3MEHEHHUS, IPOUCXOJAIINAE C KIETKAMH. 3apucoBaTh KJIETKH B COCTOSIHUM YI'OJIKOBOTO,
BOTHYTOI'O, BBIIYKJIOIO IIJIa3MOJIM3a, OOO3HAauUMB HAa PUCYHKaX KIETOYHYIO CTEHKY,
IIPOCTPAHCTBO, 3allOJIHEHHOE IIJIa3MOJIMTUKOM, LUTOIIa3My, SApO, BaKyoJb. 3aMEHUTb Ha
npenapate 1 M pactBop NaCl Bo0ii 1 HEMEUIEHHO MPHUCTYNUThH K HAOIIOACHUIO ETNIa3MOITH3a
(oOpaTuTh BHMMaHHE Ha CKOpPOCTh 3TOIO Ipoliecca IO CpaBHEHHIO C IutazmoisinzoMm). [locne
OKOHYAHUS IUIa3MoJiM3a YOWUTh KIETKH, JepKa Kpail IpeAMETHOro CTeKJIa NHUHIETOM U
OCTOPOXXKHO HarpeBas IIpernapaTr Ha IIaMEHM CIIMPTOBKH, HE JOIYCKas IIOJIHOTO HMCIApEeHUs
Boabl. [locine narpeBanust 3amenutb Boagy 1 M pacrBopom NaCl. Paccmorpers mpemapaT B
MHUKPOCKOIl U YCTaHOBMTb, NPOUCXOAUT JIM IJIa3MoJu3. Pe3yiabrarhl HaOIr0A€HUIN 3aHECTH B
Tabnuy 1.

Tabmauua 1
[1nazmoinu3 1 gemna3Monns3 B KJIeTKax dMujaepMuca Jyka

YcnoBus onbITa Hannuue Hanpagienne ocMOTHYECKOTO TOKa BOJbI (B
IIJ1a3MOJIN3a KJIETKY; U3 KJIETKH)

JKuBrble KJIIETKH B BOJIE

Kusple xnetrku B 1 M
pactBope NaCl

JKuBble KJIETKH MOCJE 3aMEHBI
1 M pactBopa NaCl Bonoii

MeptBbie knetkm B 1 M
pactBope NaCl

I[J'IH COCTaBJICHUA 06cymeﬂnifl pe3yJbTaTOB U BBIBOAOB I10 pa60Te OTBCTHTC Ha CIICAYIOIIINC
BOITPOCHI. Yro Takoe miIa3MOJIM3 M KaKOBBI €T0 HpI/I‘H/IHI)I? Kax MPOUCXOAUT IIJIAa3MOJIN3 U
I[eHJ'IaSMOJ'H/B? CnocoOHEI 11 IJ1a3MOJIN3UPOBATH MEPTBLIC KJIETKH?

TEMA 2: «®U3UKO-XUMHUYECKHUE CBOMCTBA IIUTOILTA3ZMBI
PACTUTEJIBHBIX KJIIETOK»

Heapb: u3ydynuTh BA3KOCTH IUTOIUIA3Mbl U €€ CHOCOOHOCTh K JBUIKEHUIO; YCTaHOBUTH
3aBUCHUMOCTb 3THX CBOWCTB OT BO3pacTa pPACTUTENBHOM KIETKM W BHEIIHHUX BO3JEHCTBUIL;
BBISICHUTH 3HAU€HUE BA3KOCTHU U JIBH)KEHUS IUTOILIA3MBbI JIsl )KU3HEIEATEIbHOCTH KIIETKHU.

SAJIAHMUE 1. Onpenenenuie BI3KOCTH IUTOIIIA3MBbI
10 BpEMEHHU IJIa3MOJIn3a

Xona padotsl. [IpuroroButs mpenapar sucta siojned B 1 M pactBope NaCl (2-3 nucra
U3 BepXHeW dacTu mobera sojeu, norpy3uth B kammo 1 M pactBopa NaCl Ha npeamerHom
CTEKJIE, 3aKPBITh TOKPOBHBIM CTEKJIOM). [IpUroToBUTH mpenapar snuiepMuca CUHETOo Jiyka B 1
M pactBope NaCl. OtmeruThs BpeMsl MOTpYKEHHUS HCCIEAYEeMBbIX OOBEKTOB B PacTBOpP
1asMoauThKa. OnpenenuTs BpeMsl HacTYIJIEHUS TU1a3MOJIN3a, IPUUEM Yy JINCTA DJIOAEH CIEAYET
HaOII0aTh 32 KJIETKaMHU Y OCHOBaHUs (0oJiee MOJIObIe) U Ha BepXyIke (0oJiee cTaphie).

Pe3ysibTaThl SKCIIEpPUMEHTA 3aHECTH B TaOIUILy 2.




Jl1st coctaBiieHus 00CyKIeHHI pe3yabTaTOB SKCIIEPUMEHTA TPOAHATIU3UPOBATH TAHHBIE
TabJs. 2, OTBETUTh Ha BOMpOCHl. UTO Takoe BI3KOCTh IUTOIIa3Mbl? OT KaKMX BHYTPEHHUX U
BHEITHUX (pakTopoB oHa 3aBuUcHT? Kak cBsi3aHbl MEXIy CO0OW CKOPOCTh HACTYIUICHUS
IJIa3MOJIU3a U BSI3KOCTh IUTOIIa3Mbl? KakoBO 3HaueHHE BSI3KOCTH IUTOIUIA3MBbl JUJISl KIETKU
pactenusi? B kakoM BapuaHTe OIbITA KJIETKH UMEIOT MaKCUMAJIbHYIO BSI3KOCTh LIUTOIUIA3MBbI, a B
KaKoM — MUHUMaJIbHY10? J[aliTe 000CHOBaHHBIN OTBET.

Tabnuua 2
CkopocTh HACTYIUIEHHS IJ1a3MOJIN3a B Pa3HBIX TKAHAX pacTeHuil
OO0BbexT MoMeHT norpyKeHus MowmenT Bpems
npernapara B HaCTYIUICHUS IU1a3MOJIN3a,
1 M pactBop NaCl TIa3MOJIN32 MUH.

Knerkn Y OCHOBAaHUA
JIUCTAa 3JI0ACHU

Knerkn Ha
BEPXYIIKE JINCTA
3JI0JIEN

Knerku SIUAED.
Jlyka

CI{GJ’I&TB BbIBOJA O BCJIIMYHUHC BA3KOCTHU HUTOIIJIa3Mbl B TKAHAX paCTeHHfI.

3AJIAHUE 2.BausiHye MOHOB KU ¥ KAIBIHS Ha BA3KOCTH IIUTOILIA3MBI

Xoa pa6orbl. MoHBI MUHEpaIbHBIX COJIEH HU3MEHSIIOT BS3KOCTh LIMTOILIA3MBbl, MPUYEM
MOHBI OJIHO- W JIByXBaJEHTHBIX METAIOB MPOSBIISIOT MPOTUBOMNOJIOKHOE jaeiicTBue. Caxaposa
HE BJIMSIET HAa 3TO CBOMCTBO IUTOIIa3Mbl. Ha Tpu mpeaMeTHble CTEKJIa HAHECTH IO Karuie
pactBopoB tutazmosutiukoB: KNO3, Ca(NOz3)2, caxaposbl. [ToMecTUTh B KaXblii pacTBOp IO
OJIHOMY Cpe3y SMHAEPMHUCA CHUHEro JIyKa, 3aKpbITh MOKPOBHBIM CTEKJIOM, OTMETUTH BpEMS
MOTPYKEeHHs cpe30B. PaccMoTpeTs mpenapartsl 1Mo MUKPOCKOIIOM, OTMEYasi BpEMsi HACTYIUJICHUS
¢a3 mrazmonu3a y OONBITMHCTBA KIETOK.

Pe3ysbTaThl SKCIEpUMEHTA 3aHECTH B TAOJIHILY 3.

Tab6mumna 3
3aBHCHMOCTH CKOPOCTH IJIA3MOJIN3a OT CBOMCTB IJIA3MOJIUTHKA
[Tna3monuTuk MoOMEHT norpyKeHust MOMEHT HACTYIIIEHUs IIJIa3MOJIN3a
B PacTBOP Bornyroro BBIITYKJIOTO
KNOs3
Ca(NO3)>
Caxapo3za

Jl11g cocTaBiieHus1 00Cy:KAeHMIi Pe3yIbTaTOB SKCIIEPUMEHTA IPOaHAIN3UPOBATh TaHHbIE
Taba. 3 M OTBETHTH Ha BONpPOCHL. B KakoMm pacTBope miuazMonu3 mpoucxoaut Osictpee? C yem
CBfi3aHA pa3Has CKOPOCTh HACTYIUICHMs IUIa3MOJIM3a B TPEX M3Y4aeMbIX pacTBOpax
I1a3MOJUTHKOB? Kak BIMSIOT MOHBI KalMs Ha BA3KOCTb LuTomiasMbl? OteeT moscHute. Kak
BJIMSIIOT MOHBI KaJbLIMS HA BA3KOCTh HUTOIIa3MbI? OTBET MOSICHUTE.

CraenaTb BBIBOJ O BIMSHUHM HOHOB KaJIMsl M KaJIbIHsI HA BI3KOCTh LIUTOILIA3MBI.

SAJTAHUE 3. JIBukeHHEe NUTONIa3Mbl B KJIETKAX JUCTA 3JI0/IEH
Xoa padorsl. [IpuroroBuTh Npenapar JUCTA 3JI0/I€H, BBIIEPAKAHHOTO HA IPKOM CBETY, B
Kamie BoAbl. PaccMOTpeTh mpemnapar 1ojJi MUKPOCKOIIOM, YCTAHOBHUB B IOJI€ 3PEHUS KJIETKU B
o0nacTu cpegHeill KWIKH, B KOTOPBIX COJEP>KUTCS MEHbLIE XJIOPOIUIACTOB, YTO OOJIerdaer
HaOJI0IEHUE 32 UX JBUKCHHUEM.




Pe3y.]'II>TaTbII YCTAaHOBUTH THII ABWXXCHUA HHUTOIIa3Mbl B KIJIICTKAaX JIMCTA 3JIOACH.
3apI/ICOBaTB 2-3 KJICTKH, 0003HAYUTH KIICTOYHYIO CTCHKY, OUTOIIa3My, INIaCTHUIBI, AOpPO,
BAaKYOJIb, CTPCJIKAMHU YKAa3aTh HAIIPABJICHUC TOKA UTOIIJIA3MBlI.

B 06cy>l<nem/m pe3yJbTaTOB DOJOKCIICPUMEHTA OTMETUTHb, 4YTO TaKO€ IBHXCHHC
OUTOIUIa3MbI, €0 INPHUYHHBI, THUIIbLI I[BI/I)KCHI/II;'I, BJIMAHUC BHYTPCHHUX W BHCIIHUX (baKTOpOB Ha
CKOPOCTh ABHMIKCHUS HUTOINIA3MBI.

CI[CJIaTb BbIBOJA O 3HAQUCHUM JABMIXKCHHUA DTUTOILIa3Mbl JJIA JKH3HCACATCIIBHOCTH
PaCTUTCIBbHBIX KIICTOK.

Temad: «Cocymias cujia KIeToK»

Heab: u3yunTh B3aMMOCBA3b OCMOTHYECKUX I[IOKa3aTeJeil KIETKU: cocyllas Cuia,
OCMOTHYECKOE JaBJIEHHWE, TYPrOpPHOE JaBJIEHUE; BBISIBUTH 3aBUCUMOCTb COCYLIEM CHJIBI OT
CTETNeHH HACBIIIEHHOCTH KJIETKU BOJOM U CO/IEP)KaHUS OCMOTUYECKH aKTUBHBIX BEIIECTB.

3AJJAHUE 1. Onpenenenue cocymien cuibl KJIETOK (110 YPIINPYHTY)

Xoa pa6orsbl. [Tpurorosuts mo 20 ma pactBopoB NaCl konuentpanuu 0,1; 0,2; 0,4; 0,6;
0,8 u 1,0 monb/n, cmemmBas B yamkax Ilerpu coorBercTByromme konudectBa | M pactBopa
NaCl u Boabl (cocTaBUTh TaONMIy pa3BeAeHUsd 1mo obOpasmy Tadn. 4). B ogny wamky [lerpu
HauTh 20 MJI IUCTHILTMPOBAHHON BOJBI. BbIpe3aTs n3 Ki1yOHs KapTo(dess IIOCKYI0 TIIACTUHKY
TonuHou 3-4 MM, 3aTeM pa3pes3aTh ee Ha 7 OpycoukoB qiuuHON 30-50 MM u mupuHO# 5-10 MM.
C mnoMoupl0 JIMHEWKH TOYHO HW3MEPHUTHh JIMHY OpYCOUYKOB, MOTPY3UTh IO OJIHOMY B
npurotoBieHHble pacTBOpbl NaCl u Bogdy, cieas 3a TeM, 4TOObI MOTrpyKeHHE ObUIO TMOJHBIM.
['0TOBUTH M U3MEPATH OPYCOYKHU HAJIO OBICTPO, HE AOIMYCKas TIOJBSIAHUS PACTUTEIIBHBIX TKAHCH.
Yepez 30 MuH. OpycOUYKHM WU3BIEYb M3 PACTBOPOB, OCYIIUTH (UIBTPOBAIBHOW OyMarou,
MOBTOPHO M3MEPUTH UX JJIMHY. Pe3ybTaThl 3amucarh B Ta0IUILY 2.

Tabmumna 2
HN3meHeHne 0cMOTHYECKHUX MOKa3aTes el KJIeTOK KJIYyOHs KapTodeis
B 32aBHCHMOCTH OT KOHIICHTPALlMH HAPYKHOI'0 PACTBOPa
Konnentpanus NaCl, mons/n 0 0,1 0,2 0,4 0,6 0,8 1,0

Cocymas cuia pactsopa, MIla

Wcxonnas niuHa Opycouka, MM

JlnnHa Opycoyka B KOHIIE OMbITa, MM

PaznocTh gnmH, MM

Typrop

Bo BTOpO# cTpoKe TabauIbl 2 3aucaTh COCYIIYH0 CHIY PacTBOPOB, KOTOPAs YMCICHHO
paBHA UX OCMOTHYECKOMY JaBJICHHIO (BBIUMCIUTH MO ypaBHeHUI0 Baut-I'odda). B mocnenneit
CTpPOKE OTMETUTDH CTENEeHb TYpropa TKaHeW (CHJIbHBIM, CpeHUMN, Calblil) WM €ro OTCYTCTBUE.
Jlnist ompeseneHus 3TOro MokasaTelisi pa3sIoKUTh OpPYCOUKM Ha Kpail TapenkH, Tak, YTOObl OHU
HaIOJIOBUHY CBUCAJIH C Kpasl.

B o0cyxnenun pe3yJbTaTOB ONBITOB OOBSACHUTh NPUYMHBI H3MEHEHHS pPa3MEpoB
OpycouKoB mocie Ux npedbIBaHus B pacTBopax pa3Hoi koHueHTpauuu NaCl unu B Boje.

Crenatp BBIBOJ O BIMSHUM BHEIIHETO PacTBOPA HA MOCTYIUIEHHUE BOJBI B PACTUTEIIBHYIO
KIIETKY.

3AJTAHUE 2. 3aBHCHMOCTE COCYHIEH CHIBI OT CTENEHN HACKLINIEHHOCTH KJIETOK BOJIOU
Xox paborbl. 3anomHUTe Ta0nMIy 3, B KOTOPYIO 3alMIIUTE pPaCCUUTAHHBIC
OCMOTHYECKHE IOKa3aTeu, XapaKTepHbIC ISl KJIETOK IOCie MpeObIBaHUS B pacTBopax (CM.
Tabm1.2).

Tabmuma 3
3aBHCHMOCTH OCMOTHYECKHX MOKAa3aTeeil KJIETOK
OT CTEIEHU UX HACBILICHHOCTH BOXOI




JmuHa 6pycouka I, MM

Cocymas cuna S, MIla

OcmoTtunu. masinenune P, MIla

Typropuoe nasnenue T, MIla

B mnepByto crtpoky Tabn. 3 3amucaTh JUIMHY OpYyCOYKOB IOCJIE€ HMX HpeObIBaHHS B
pacTBopax, HauMHas C HauMeEHbIIEW KoHUeHTpauuu. Ilpu coBmageHuM UIMHBI MOJOCOK B
HECKOJIBKMX CaMbIX KOHIIGHTPHPOBAHHBIX pacTBopax (Hampumep, 0,6; 0,8 u 1,0 M) BeIOpaTh
HauMeHblnii U3 HUX (0,6 M), TOCKOJIbKY YK€ B 3TOM PacTBOpPE KJIETKH AOCTUIIM Tpejaesia
COKpAILECHUSI.

Hcxons U3 TOro, 4To OpYCOYKH TOCTATOYHO JOJTO MPOJISKAIN B PACTBOPAX M MEPECTaIN
U3MEHATbCA B JUIMHE (MEXIy KIETKaMHU W PAcTBOPOM YCTaHOBMJIOCH PAaBHOBECHE), CIIEAYET
noJiaraTh, YTO COCYILas CUja KJIETOK (S) CpaBHsUIACh C COCYIIEH CHUJION BHEIIHUX PAcCTBOPOB.
Brinucarh BeTUUUHBI U3 2-i CTPOKH TAOIHIIBI 7.

Jliia camoit kopoTkoi nonocku (1) xapakTepHO MOJIHOE OTCYTCTBUE Typropa, no3romy T
= 0, orkyma (mo ¢opmyne S = P — T) P1 = Si. Ocranbhbie OpycOukd HMEIOT Oosee
pa30aBieHHBIN KJIETOYHBIM COK, nmpudyeM P yMeHblaeTcss 0OpaTHO MPONOPLHOHAIBHO 00BEMY
KJIeTOK (unu anmuHe 6pycoukoB): P1 - It = Py In. Typropuoe nasnenue (T) Haiitu o popmyse: S
=P-T, orkynaT=P—S.

Pe3yabTaThl 3aHectd B Ta0n.3, MOCTPOUTH TIpaUKu 3aBHCUMOCTH OCMOTHYECKOTO
JIaBJICHUsI, TYPrOPHOTO JIaBJICHUS M COCYILIEH CUJIbI OT CTENEHU HACBIIIEHHOCTH KJIETOK BOJOM.
Jlis 3TOro Ha MWUITUMETPOBOM Oymare Ha4epTUTh CHUCTEMY KOOpAHMHAT, OTKJIaJAbIBas MO OCH
adciuce JMHy (MM) OpYCOYKOB B KOHIIE OIIBITA, 10 OCH OPAMHAT — BEJIMYUHY OCMOTHYECKOTO
nasnenus (MIa).

B o0cyxknpenun pe3yJbTaTtoB OOBSCHUTb HM3MEHEHUS BEIMYMH OCMOTHYECKOTO
JABJICHUSI, TYPTOPHOTO JABJICHUS U COCYILEH CHIIBI B 3aBUCUMOCTU OT CTEHEHH HACBHIIIEHHOCTU
KJIeTOK BoJoW. IIpu kakux 3Ha4YeHMsIX cocylled CUibl B KIETKy Oyner mocTtynarh Boaa? Kak
3aBUCUT BEJIMYMHA COCYLIEH CHIIBI OT OCMOTHYECKOTO U TYPropHOTO JAaBIEHUS?

B BbIBOAE yKka3aTh 3HAaYEHHE COCYIIECH CHIIBI JUIsl Mpolecca IMOCTYIJICHHS BOJBI B
KIIETKY.

Tema5: «CBOMCTBA )KUBOM U MEPTBOW LIMTOIJIA3MBbI»

Heap: M3yynTh BIMSHHUE PA3TMUHBIX BEIIECTB M HArpEeBaHUS Ha KU3HECIOCOOHOCTh

[IUTOTUIa3MbI PACTUTEIBHBIX KJIETOK; CPABHUTH MPOHUIIAEMOCTH KMBOI 1 MEPTBOM IIUTOILIA3MBI.

3AJIAHUE 1. IlpoHuIIaeMOCTb KUBOI M MEPTBOM IIUTOILIA3MBI IS BEIIECTB KJIETOYHOI'O COKa

Xoa paborbl. Brlpe3arh u3 OUYMINEHHOIO KOpHEIJIOAA CaXapHOW CBEKJIbI YeThIpe
OJIMHAKOBBIX Opycouka jmHOU 3 cM, mupuHou 0,5 cMm. Tlomoxuts 6pycouxu B (apdopoByro
YallKy M MHOTOKPAaTHO MPOMBITH BOJOM 10 Te€X TNOp, MOKa He MNPEKPaTUTCsS BBIIACICHHUE
OKpAILIEHHOTO COKa M3 MOBPEXACHHBIX KieTOK. [lomecTuTh Opycouku B YeThIpe MPOOUPKH,
HaJIUTh B HUX Boay (mo 1/3 obwvema). OmHy M3 HpoOUMPOK OCTaBUTH 0e3 H3MEHEHUH
(KOHTpPOJIGHBIN BapHAHT); BTOPYIO MPOKHUITATUTH HAJl JIAMEHEM CIHPTOBKH B Te4eHHE 1-2 MUH.;
B TPETHIO MPOOUPKY 100aBUTH 5 Kamenb 3¢dupa; B ueTBepTyto — 5 kanenb 30%-Hol yKCycHOU
KUCTOThI. [IpoOupky BCTPSAXHYTh W HaOJI0/aTh U3MEHEHHE OKPACcKU XKUAKOCTU yepe3 10 MuH.
Pe3yabTaThl OIBITa 3aHECTH B TaOIUILy 4.

Tabmanma 4
3aBHCHMOCTb OKPACKH KHIKOCTH B POOHPKAX OT BHECIIHUX BO31eHCTBHI
Bapwnant onbita Oxkpacka KHJIKOCTH
Bopa komMHaTHOI Temneparypbl (KOHTPOJIb)
Kunsuenne
Bona + »¢up

Boga + 30%-nast ykcycHasi Kuciora

Jns coctaBieHus 00Cy KIeHUil pe3yJbTATOB OTBETUTh Ha Bompockl. Kakue BemiecTa
o0ecreynBaOT OKpacKy KHIKOCTH B mpobupkax? IIpomyckaioT nau MeMOpaHbl KMBOM




HENOBPEXJICHHON KJIETKM BEIIECTBAa KJIETOYHOro coka? Kak BIMSAIOT Ha NPOHMUIIAEMOCTb
MeMOpaH KuIlsiueHue U sioBuUThie BemecTBa? Kak 0OBACHUTH pa3HYI0 CKOPOCTh OKpPAIUBaHUS
KUJKOCTH B Pa3HbIX BapUaHTaxX OnbITa?

Cnenate BbIBOA 00 M3MEHEHHM MPOHHUIIAEMOCTH MeMOpaH MOJ BIUSHUEM BHEIIHUX
(baxTOpOB; 0 3HAYCHUU TOTYIPOHULIAEMOCTH MEMOpaH U UX OapbepHON (HYHKIIHH.

3AJIAHUE 2. Onpenenenue U3HECOIOCOOHOCTH CEMSH
MeToioM okpatmsanus (o JI.LH. Hemro6oBy)

Xoa pa6orbl. OTcunTaTh ABE MPOOBI MO 5 HAOyXImUX ceMsH ropoxa. OaHY TOPIHIO
IIOMECTHUTDH B MPOOHPKY C BOJOH M MPOKHUISATUTH B TeueHUEe 5 MUH. OCTOPOXKHO, HE TOBPEXIast
CEeMSI0JIM, OYUCTUThH MPENapoBaIbHOM UITION ceMeHa 00eUX MOPIHI OT KOXKYpbI, IOMECTUTDH B
dapdopossie vamiku, 3aauTh 0,1%-HBIM pacCTBOPOM MHIUTOKAapMUHA U BbIIEpXkKaTh 1 4., mocie
Yero CIUTh KpacuTelab 0OpaTHO B OYTBUIOUKY, a CEMEHa MPOMBITh BOJOW. PaccMoTpeTh cemeHa
JIByX BapUaHTOB, OTMETUTh UX OKPACKY.

Pe3yabTaTsl 3anucaTth B Ta0nHILy 5.

g cocraBieHUs 00CY/IeHUHl Ppe3yJbTaTOB OTBETUTh Ha Bompochl. Kak cBsi3aHbI
MPOHUIIAEMOCTh MEMOpaH U CTENeHb OKpacku cemsH? Kak wu3MeHseTcss NPOHHUIIAEMOCTb
MeMOpaH MoJ BIMAHUEM KumigueHusi? CpaBHUTE pe3yibTaThbl 3TOTO ONBITA, C PE3yJbTaTaMHU
npenpiaymero 3ananus 1. B kakux mensx MOXHO MCIOJIB30BaTh METOJ OKpAIllMBaHUs CEMSH B
PacTeHHEBOUECKON TPAKTUKE?

Tabmuua 5
Biausinue KunsiueHUs HA CTeNeHb OKPAIIMBAHUS CeMSH
BapuanTt KomnuectBo KomnyecTBO ceMsH, IIT.
B3SITBIX CEMSH, OKpaIIeHHBIX OKpaIIeHHBIX HEOKpAaIICHHBIX
IIT. IIOJIHOCTBIO YaCTUYHO
KonTpomnb
Kurmstuenne

CnenaTb BbIBOA 00 U3MEHEHUH NTPOHUIIAEMOCTH MEMOPAH MO/ BIUSHUEM KUIISTYEHHS U O
IIPOHMIIAEMOCTH KUBOW U MEPTBOM LIUTOIJIA3MBI.

Tema6: «[IOCTYIIVIEHUE BEIHIECTB B PACTUTEJIBHYIO KJIETKY»
Heab: u3y4uTh CIOCOOHOCTH KIETOYHBIX MeMOpaH peryiupoBaTh NPOHUKHOBEHHE
BEIIECTB B LIMTOIUIA3MY U U3 IIUTOIJIa3Mbl B OKPYKAIOLIYIO CPENy.

3AJJAHMUE 1. IlpmKHU3HEHHOE OKPAIIUBAHNE KJIIETOK HEUTPAIBLHBIM KPACHBIM

Xoa padorsl. IIpuroroButs cpe3 anuaepmuca JykKa U IOMECTUTh €r0 Ha IPEIMETHOE
crexio B kammo 0,02%-HOro pactBopa HEHTPaJbHOTO KPACHOTO, HE HAKPhIBAasl MOKPOBHBIM
CTEKJIOM (IIpU XOPOILEM JIOCTyNEe BO3AyXa MPOKpalIMBaHHUE MPOHCXoauT ObicTpee). Uepes 10
MHUH. OTCOCaTh PacTBOP KpacuTelns (GUiIbTpOBAIbHON Oymaroil, mepeHecTu cpe3 B KAl BOJBI,
HAKpBITh TOKPOBHBIM CTEKJIOM U PAaCCMOTPETh B MUKPOCKOII. 3apucoBaTh 2-3 KJIETKH OTMETHUB,
Kakasi yaCTh OKpallleHa HeHTpaibHBIM KPACHBIM (KJIETOYHAsl CTEHKa, IUTOIIa3Ma MM BaKyoJb)
Y B KaKOH 1IBET (MCI0JIb30BaTh 1IBETHBIE KApaHAAIN ).

3amennuth Boxy 1 M pactBopom KNO3 u BBectn kammo 10%-HOTro pacTBopa aMMuaka,
ABIISIOIIErOCs KIIETOUHBIM sS70M. PaccMoTpeTs npenapaT 1ol MUKpPOCKOIIOM. 3aMEHUTh pacTBOP
Ha mpemapare BHOBb Ha 1 M pactBop KNO3z wu mpomomkaTh HaOIOJCHHUS TPH OOJIHIIOM
YBEJIMYEHUU MUKPOCKOIA.

PesyabTaThl 3apucoBaTh: 2-3 MiIa3MOJIM3UPOBAaHHBIE KIIETKH, OTMETHB, Kakas 4acThb
OKpallleHa HEeHTpalbHbIM KpacHbIM (KJIETOYHAs CTEHKA, LIUTOIJIa3Ma WM BaKyoJllb) U B KaKOH
1BeT (MCIOJIH30BATh IIBETHHIC KapaHAIIIH ).

JUia coctaBieHuss 00Cy:KIeHMH pe3yJIbTAaTOB OTBETUTb HAa BOIpochl. Benuka nu
MIPOHMIIAEMOCTh KJIETOYHBIX MEMOpaH JyUIsl HeUTpaasHOTO KpacHoro? OTeer nosicHuTe. B kakoi
YacTU JKUBOM KJIETKM HakamumBaercsi kpacutenb? Ilouemy? UTo mpoucxoauT ¢ KJIETKaMu IpU




nomemnieHuu ux B pactBop KNO3? Kak uzmenunace okpacka 4acteid KJIETOK Mociie 100aBIeHus
10%-noro pactBopa ammuaka? Kakue n3aMeHeHUs MPOU3OILIN ¢ HUTOIIA3MOi?

Cnenate BBIBOA O BO3MOXHOCTH MCIIOJIb30BaHMSI JAHHOIO METOAA [yl ONpeAcsICHUs
YKU3HECIIOCOOHOCTH KJIETOK.

3AJJAHUE 2. BiausiHue HOHOB KaJIis U KIbLUS
Ha MPOHUIAEMOCTb IIUTOILIA3MBI

Xoa padorsl. Hamuts no 18 kanens 0,02%-Horo pacrBopa HEHTPaJIbHOIO KPAaCHOTO B
nBe papdoposbie Hamku, 100aBUB B 0HY K3 HUX 2 Karum 1 M pactBopa KNOs, a B npyryto — 2
karum 0,7 M pactBopa Ca(NOs)2. Yamiku cHaOIuTh dTHKETKaMH. [IOMECTHTh B TOJIy4CHHBIC
pacTBOPHI IO TPU cpe3a dnuaepMuca Jiyka. Uepe3 5 MUH. BBIHYTH 110 OJHOMY Cpe3y, OOCYIINTh
¢mibTpoBaNbHOM OyMaroi, MOMECTHTh Ha NpEAMETHbIe cTekna B kammo 1 M pactBopa
caxapo3bl. 3aKpbITh IIOKPOBHBIMH CTeKJIaMu. To ke camoe chaenaTb ¢ OOBEKTaMu,
IPOJIEKAaBIIUMU B pacTBope Kpacutens B TeueHue 10 muH. um 15 muH. Paccmorpers
MJ1a3MOJIU3UPOBAHHBIE KIETKH B MHUKPOCKOI, CPABHUTH CKOPOCTh MPOHUKHOBEHHS KPACUTENS B
BaKyoJiu (110 UHTEHCUBHOCTU OKPACKH).

Pe3yabTaThl 3aprCcOBaTH.

Jlig coctaBieHus 00CyKIeHNH pe3yJbTaTOB OTBEThTE Ha BOIPOChl. Kak MOHBI Kaus U
Kambl[Usl BIUSAIOT HA BSI3KOCTh LMUTOIUIA3Mbl? YKaKUTE HW3MEHEHHUA, MPOXOIAlINe Ha
MOJIEKYJISIPHOM YpoBHE. B ueM 3akirodaercss CBA3b MEXJY MPOHHUIAEMOCTHIO LIUTOIIA3MBI U
BSI3KOCTBIO?

Crnenatb BbIBOJ O BJIUSHUU HOHOB HA IPOHUIIAEMOCTh [IUTOILIIA3MBI.

3AJIAHUE 3. [TpoHUIIaeMOCTh Pa3HOBO3PACTHBIX KJIETOK JUISI MOYEBHHEI

Xoa padorbl. Hawnectn Ha mpenMeTHoe cTeksio Kamuo 1 M pacTBopa MOYEBHMHBI U
MOTPY3UTh B HEE JIUCT 3JI0/ICH, OTMETHB BpeMs. HakpbITh mpenapar MOKPOBHBIM CTEKIOM U
cpa3y HayaTh HaOJIIOJeHHE B MUKPOCKOI. OTMETUTh BPeMs HACTYIUICHUS TJ1a3MOJIN3a B KIETKax
y OCHOBaHUSI M Ha Bepxymike nucrta. [Ipomomkars HaOmoneHuss B Tedenue 15-20 wmwuH.,
HaOmo/ass 3a TeM, 4YTOOBl Tpenapar He MojAckbixad. OTMETHTh BpeMsl HaCTYIUJICHUS
CaMOTIPOU3BOJILHOTO JICTIIA3MOJIN3a B KJIETKAaX Y OCHOBAHUS U Ha BEPXYIIKE JIUCTA.

Pe3yabTaThl: clienaTh pUCYHKH KJIETOK B COCTOSIHMM ILIa3MOJIM3a, YKa3aB KIJIETOYHYIO
CTEHKY, MPOCTPAHCTBO, 3aIOJIHEHHOE IUIa3MOJUTUKOM, IIUTOIIA3My, XJOPOIUIACTHI, SIPO,
BaKyOJIb.

Jlist cocTaBieHus: 00CyKIeHUil pe3yJbTaTOB OTBETUTHh Ha BOMPOCKHL. UTO MPOUCXOIUT C
MOJIEKYJIaMH MOYEBHHBI TMPH IUTEILHOM NpPEeOBIBAHUM KIETOK PACTEHHUU B PacTBOpPE 3TOTO
BemecTBa? KakoBbl MPUYUHBI  CAaMONPOU3BOJBbHOTO  nerasmonu3a? Kak — oO0BsCHUTH
HEOJMHAKOBYIO CKOPOCTh JIEMIa3MOJIN3a B KJIETKaX Y OCHOBAHHUSA M Ha BEPXYILIKE JINCTA 3JIOACH?
B BbIBOZE yKa3aTh B3aMMOCBSI3b MEXKIY TPOHUIIAEMOCTBIO W  CaMOIPOU3BOJILHBIM
JIETIa3MOIU30M.

Pa3nes 2. BogHblii pe:kuM M MUHEPAJIbHOE IMTAHUE PACTeHUH
Tema 7: (IIOCTYIIJIEHUE U NEPEJIBUXEHUE BOJIbI 11O PACTEHUIO»
Heab: n3yunTh MEXaHU3MBI, 00ECIICUHNBAOIINE TTOCTYIJICHUE U TIEPEIBUKEHUE BOIBI 110
PACTEHUIO; BBISICHUTH POJIb KOPHEBOM CHUCTEMBI B OOECIIEYECHUN TOCTYIJICHUS U TIEPEABUKCHUS
BOJIbI 110 PACTUTEIILHOMY OpPTaHU3MY.
SAJTAHUE 1. BausiHue BHENTHUX YCJIOBHUH Ha IIPOIECC I'YTTAIlUU
Xoa pabotbl. B3sTh 4 cocyna ¢ 0IMHAKOBBIMM MPOPOCTKAMU MIIEHUIIBI, TOJIUTHIMU 32
yac 10 Hayaia paborel. [locTaBuTh Tpu cocyna B KpHUCTaNIM3aTOPHI: OJMH 3aIllOJIHUTH
KyCOYKaMHU JibJla, BO BTOPOM HaJIUTh BOJY KOMHATHOW TeMmmepaTrypbl, B TpPETHl — BO.Y,
Harpetyto 10 30° C. UYerBepThlii CcOCyl OCTaBUTh Ha CTOJIE. YOAIUTh KYCOYKaMH
GUIBTPOBAILHON OyMaru MMEIOIIUECS Ha MPOPOCTKAX KaIlIH, TOCE YeTO 3aKPhITh TPU MEPBHIX
COCyJla CTEKJISHHbIMM Kojmakamu. CleauTe 3a CKOPOCTBIO BBIIENIECHHs Kamelb TyTThl Ha
KOHYHMKAX JINCTHEB MPOPOCTKOB. /[yt OoJNbIIeH TOYHOCTH JKCIEPUMEHTA IOCIE TOSIBICHUS




Karejab PEKOMEHIYEeTCS CHITh MX KyCOYKOM (PHIIBTPOBAILHON OyMaru 1 OTMETUTh, Yepe3 KaKoi
MIPOMEKYTOK BPEMEHHU IMOSBATCS HOBbIE Karuiv. Pe3yibTaThl 3amucars B TabauIly 6, oleHUBas
WHTECHCUBHOCTH TYTTAIIMH T10 MATHOAILHOMN cCUCTEME.

B o0cyskneHuun pe3yJbTaToOB CPAaBHUTH JaHHbIC BapraHTOB 1; 2 u 3, a 3aTeM BapuaHTHI 2
u 4. OOBSCHUTH, MOYEMY HWHTCHCHBHOCTh TYTTAIlMM HEOJMHAKOBA B PAa3HBIX YCIOBHSIX.
OTMeTHUTH BHEIIHUE U BHYTPEHHUE YCIOBHS, HEOOXOAUMBIE JUIsl ITpoliecca Iy TTalluH.

Tabnuua 6
Binsinne BHEIIHUX YCJI0BHI HA HHTEHCHBHOCTH I'YTTALMHU MPOPOCTKOB NMIIIEHUIIbI
No /it VYcnoBus onbita NHTEHCUBHOCTD TyTTAIMH, OasT

1 ITox xonmakom, 0° C

To xe, koMHaTHas t°

2
3 To xe, 30°C
4 be3 xonmaka, koMmHaTHas t°

B BbIBOAX yKa3aTh 3HAYCHHUE I'YTTALIMU B BOJIHOM PEXUME PACTCHUM.

Tema 8: «IlocTynsieHue BoAbI B NPOPACTAIOIHE CEMEHa
Hesab: u3yunTh (PU3MOJOTMUECKUE MEXAHM3MbI IOCTYIUICHHUS BOJbl M3 BHELIHETO0 pacTBOpa B
[IpOpacTarolne CEMEHA.
3AJIAHUE 1. BansHue KOHIIEHTPALMK PACTBOPA Ha MPOpacTaHue CeMsH

Xoa pab6orsl. [loaroroButs 4 Bia)kHblE KaMephl Ul NIpopaliuBaHus ceMsH. [ 3Toro
BBUIOXKUTH JHO U KpbIIKY vamek [letpu ¢uiabTpoBanbHOil Oymaroil, CHaOAUTE UX ITUKETKAMHU.
CmounTh GpuIbTpoBabHYI0 Oymary nepsoii gamku 10 mi 1 M pactBopa NaCl, Bropoit — 10 M
0,1 M pactBopa NaCl, tperseit — 10 mu 0,01 M pactBopa NaCl, gerBeptoii — 10 mn
TUCTWUTUPOBAaHHON Boxabl. OtoOpath 4 mopuuu 1O 15 MTYK HENOBPEXKICHHBIX M TIO
BO3MO)KHOCTH OJMHAKOBBIX CEMSH MNIUeHUIbl. [loMecTuTh cemMeHa B 4YalllkM, Pa3JIoKHUB HX
PaBHOMEPHO 10 MOBEPXHOCTH JHA, 3aKPbITh YAIIKU KPBIIIKAMU U MIOCTaBUTh UX B TEMHOE MECTO.
JlepaTh Yalky 3aKpbITBIMU 2-3 JIHS, 3aT€M CHSATH KPBIIIKH, €KEAHEBHO IOJUBATh IPOPOCTKU
COOTBETCTBYIOIIMMHU pacTBopaMu. UYepe3 HeAEN0 H3MEPUTh JIMHY HAA3EMHBIX YacTed u
KOPHEBBIX CHCTEM BCEX NMPOPOCTKOB KakJoro BapuaHTa. Haiitu cpegnee apupmerudeckoe uis
BCEX M3MEpeHul (110 BapuaHTaMm). BIUMCINTL OCMOTHYECKOE JIaBJI€HUE PACTBOPOB MO (hopmyie:
P = RTCi. PesyabTartsl 3anucars B Ta0auily 7.

B o0cy:knenun pe3ynbTaToB 00BICHUTH IPUUYMHBI HEOJUHAKOBOIO IPOPACTAHUS CEMSH
B pacTBOpax pa3HOW KOHIEHTpauuu. OTMETUTH BIMSHUE OCMOTHYECKOIO JABJICHUS BHEIIHETO
pacTBopa Ha HabyxaHUE U IPOpPACTaHHE.

Tabmauua 7
Biansinne KOHIEHTPAIMY BHEIIHET0 PACTBOPA HA MPOPACTAHUE CeMSIH MIIEHUIbI

Konnentpanus OcMOTHYECKOE JTaBJIe- Jnunaa, Mm
pactBopa, M Hue pactBopa, Mlla HAJ[3€M. YacTen KOPH. CUCTEM
1,0
0,1
0,01
0

CnenaThb BBIBOX O HauOoJiee ONTUMAILHOM OCMOTHYECKOM JaBJICHHHM BHEIIHETO
pacTBOpa JJIs TPOPACTAHUS CEMSIH.

Tema 9: < TPAHCITUPALIUS»

Heab: u3yuuTh NpUCHOCOOTIEHUS pPACTEHUNH K PETyIUPOBAHUIO MCIAPEHUS BOJbBL;
BBISIBUTh 3aBHCUMOCTH TPAHCIHUPAIMU OT BO3pacTa JUCTHEB M BIMSHUS BHEUTHUX YCIOBUIA;
UCCIIEIOBaTh CKOPOCTh TPAHCHHUpPALUMU HIDKHEH M BepXHEH DSIUIEpMbl JIUCTA; OBIAJETh
METOaMH U3Yy4YE€HUs TPAHCIIUPALIUU.



3AJTAHUE 1. Onpenenenne THTEHCUBHOCTH TPAHCTIMPALIUU
10 YMEHBIIICHHUIO MACChl CPE3aHHBIX JIUCTHEB

Xon pabGorbl. Cpe3arh ABa JHMCTa KOMHATHOTO PAacTEHUs: MOJIOOHM, pacTymui (u3
BEpXHEH yacTu mobera) u 3peiiblii, 3aKOHYMBIIMKA POCT (M3 cpeaHel yacTu modera). B3Becuts
JUCThS, CIYCTS S5 MHH. B3BCIIMBAHWE TOBTOPHUTH, €CIU HCIAPCHHE HAET CJa00, MOXKHO
yBeNMUYUTh 3Kcno3unuio a0 10 muH. OnpenenuTs IUIOMIA[b JHCTOBOM IUIACTHHKU Ka)IO0TO
JUCTa BECOBBIM MeETOAOM. OTHOBPEMEHHO TPH TEX K€ YCIOBUSX HAWUTH WHTECHCHUBHOCTH
9BaIlopalny, T.e. UCIAPEHUsS CO CBOOOIHON BOJHON moBepxHocTH. [ng srtoro wamky Iletpu
3aMOJHUTHh BOJOW KOMHATHOW TeMIIEpaTyphl, B3BECUTh €€ HAa TEXHHYECKHX Becax, depe3 1 d.
B3BECUTh MOBTOPHO. OIpeneianTh UCHApPAIONIYI0 TOBEPXHOCTb, U3MEPUB C MOMOIIbIO JTUHEHKU
BHYTpPEHHUH auameTp yamku [lerpu.

Pe3yabTaThl HCCIICIOBaHM 3anucaTh B TA0HITy 8.

VHTEHCHBHOCTD TpaHCTHpAIMH |y (I/M? 1) BRIYUCIUTE 10 hopMYyIIe:

I, =n- 10000 - 60/s - t,

rze N — Macca WCTapuBIIEics BOABIL, T; S — IUIONAAb HCIAPSIONIEH MOBEPXHOCTH, cM?, t —
skcno3uius, MuH.; 10000 — ko3¢ dummeHT nepesoaa cM? B M% 60 — kKod(duimeHT nepepoia
MHUHYT B 9acCHI.

BoruncnuTth MHTEHCHMBHOCTH 3Banopauuu (ls) mo Toii xe ¢opmyne. [lnomanp yvamku
[erpu onpenenuts no Gopmyne S = m - 1% rae I — paguyc yamku. HalTH OTHOCHTENTBHYIO
TpaHCHUPAHIO /1.

Tabmuna 8
JlaHHBIE ISl pacyeTa HHTEHCHBHOCTH TPAHCIIMPALNH JHCTHEB U HCTIAPEHHSs BOJABI CO
cB00O/IHOM MOBEPXHOCTH

OOBbexT BpewmsiB3BemurBan | Jkcno- Macca, r Ucna- [Ino-
us 3ULHAS, PEHOBOJIBI | ILAJb
1-ro 2-ro MMH 1-g 2-s1 ,T cM?

JIuct moistonou
JIuct 3pensiin
Cocyn ¢ BoJoit
B oOcy:xaennu pe3yjbTaToOB CpPaBHUThb MHTEHCUBHOCTb TPAHCIUpPALMU MOJIOJBIX H
3peNbIX JIMCThEB, OOBACHUTH NPUUMHBI PAa3HOM CKOPOCTH HcmapeHus Bojel. Ha ocHoBaHum
BEJIMYMHBI OTHOcUTeNbHOU TpaHcrupamuu (It/l> menee 0,5 cumraercs HH3KOW) CpPaBHUTH
UCMapeHHe C IMOBEPXHOCTU JIUCTHEB U CO CBOOOJHON MOBEPXHOCTH BOABI MPH OJMHAKOBBIX
ycnoBusix. Crenarb BbIBOA 00 HWHTEHCHMBHOCTH HM3y4aeMOro Ipolecca B JHUCTbSX Pa3HOTO
BO3pacTa.
3AJJAHUE 2. CpaBHeHUe TpaHCOUPAIMU BEPXHEH 1 HUYKHEN CTOPOH JIMCTa XJIO0PKOOATBTOBBIM
METOJIOM

Xox padorsl. IlpocymmTs Hax dNEKTPOINIMTKONW CJHOKEHHBIM TONOJaM  KYCOK
XJIOPKOOAJIBTOBOM OymMaru 710 MosBJICHHS SPKO roJay00ro IBeTa U HEMEUIEHHO MPHIOKUTH €ro K
JIBYM CTOpPOHaM JIHCTa (HEMOCPEICTBEHHO Ha pacTeHuu!). XJIOpKOOAIBTOBYIO OyMary ciemyer
JIepKaTh MUHLETOM, HE JOTPAruBasch 0 €€ MajlbllaMH, OT KOTOPBIX MOIYT OCTaTbCs PO30BBIE
MSATHA, TOSABISAIONIMECS TPU CONPUKOCHOBEHHMH C Biarod. YToObl YCTpaHWUTH J€HCTBUE
aTMOC(EpHBIX MapoB BOJbI, OCTOPOXKHO 3aXaTh JHCT BMECTE C HAJIOXKEHHOW Ha Hero Oymaroi
MEXy JIBYMsI CTEKJISHHbIMH IJJacTUHKamu. HabOmionaTe 3a M3MEHEHMEM OKpacku OyMmaru B
Te€4eHHE 5-7 MUH. U 3allUCaTh PE3YJIbTATHI.

Cnenatb cpe3bl BEpXHEro W HIIKHErO OJSMHJIEpPMHCAa JIUCTa JAHHOTO pPacTeHHs,
paccMOTpeTh UX B MHUKpockom. Iloxcuutars 4ucio yCThUIl B IOJIE€ 3pEHMS MHUKPOCKONA Ha
BEPXHEW M HUKHEHN dIIUJIEPME.

Pe3ysbTaThl: 3apucoBaTh CTPOEHUE BEPXHEH M HIKHHUM SMMIEPMBI JIHCTa, 0003HAYUB
COOCTBEHHBIE KJIETKHM SMHUJCPMBl, YCTbHUYHBIC anmaparsl (YCTbBUYHYIO ILENb, 3aMbIKAIOLINE U
n0OOYHBIE KIIETKH), TPUXOMBI (B ciiyyae uX Hanuuus). CpaBHHUTH JaHHBIC 110 WHTEHCUBHOCTHU




TPaHCIHUPAIIMH BEPXHEH 1 HUKHEW CTOPOHBI JIMCTA, MOJyYeHHBIE XJIOPKOOATHTOBBIM METOOM, C
pe3yJIbTaTaMHi U3y4EHUs CPE30B BEPXHEH U HIDKHEH DIHUIEPMBI.

B o0cyxneHun pe3yJbTaTOB CPAaBHUTH TPAHCIMpPALMIO BEPXHEH W HU)KHEW CTOPOHBI
aucta (CONOCTaBIsIsl JAHHbBIE XJOPKOOAIbTOBOIO METOJAa C H3YYEHHEM CpPE30B SIUACPMBI).
OTtmetuTh, 4YeM OOYCIOBICHBI pAa3JIMYMs CKOPOCTH HCIAPEHUsT C BEpPXHEH U HIKHEH
noBepxHocTH Jiucta. OOOCHOBaTh, KAaKM€ THIBI TPAHCIUPALUU XapaKTEPHbI JUIsI BEpXHEH U
HWDKHEH 3MUJIepMbl JaHHOTO BUAA pacTEHUsS. YKa3aTh aHATOMUYECKHE OCOOEHHOCTH 3MUJIEPMBI,
o0ecreunBaroIMe KOHOMHOE pacxoJ0BaHue Biaru jgucroM. Caenarb BBIBOAbI O IPUYMHAX
Pa3IMYHON MHTEHCUBHOCTH TPAHCIIMPALMY BEPXHEU U HUXKHEW CTOPOH JINCTA JAHHOT'O PACTEHUS
1 O COOTHOILLIEHUH YCTbUYHON U KYTUKYJISIPHOM TpaHCIIMPALUH.

3AJJAHUE 3. BausiHue BHEIIHUX YCIOBUM HA COCTOSIHUE YCTHUIL
(o Mounmy)

Xoa pa6orsl. OnpesneneHne COCTOSIHUA YCTBHII METOJOM MH(UIBTPAIIMA OCHOBAaHO HA
CHOCOOHOCTH KUJIKOCTEH, CMAuyMBAIOLIMX KJIETOUHbIE CTEHKH, NPOHUKATh Yepe3 OTKPBIThbIE
YCTbUUHBIE ILEIN B ONMKAWIIME MEXKKIETHUKU, BBITECHSSI BO3AyX. JKHAKOCTH MPOHUKAIOT B
YCTBUYHBIE IIEJIM B 3aBUCUMOCTU OT UX LIMPHUHBL: NETPOJIeHHbIN 3pup — yepe3 ci1abo OTKPHIThIE
YCTBUIIA, KCWJIOJI — 4Y€pe3 CpPEOHE OTKPBITHIC, a ATWIOBBIA CIHUPT — TOJBKO YEpe3 MIMPOKO
OTKPBITBIE.

AKKypaTHO IIOBEpHYTb HECOPBAHHBIM JINCT KOMHATHOIO PACTEHHMS  HWXKHEHN
IIOBEPXHOCTBIO BBEPX, JEPKAaTh €r0 IOPU30HTAIBHO W HAHECTU OTAEIBHO MAJICHBKHUE KaIlld
neTposieHoro 3¢gupa, Kcuiaoja M 3TUIOBOro crnupra. JlepkaTb JHCT B TOPU30HTAIbHOM
IOJIOKEHUN J0 TOJHOTO MCYE3HOBEHHUS Kalellb, KOTOpbleé MOIYT JIMOO MPOHUKHYTH BHYTPb
JucTa, 1100 ucrapuThes. PaccMOTpeTh JIMCT Ha CBET.

HccnenoBaTh JUCThSI, HaXOJUBLIMECS B Pa3HBIX YCIOBUAX, Pe3yJabTAThl 3aHECTH B
tabiuuny 9, oTMeuass IPOHUKHOBEHHUE JKUAKOCTEH 3HAKOM «1», a OTCYTCTBHE NPOHUKHOBEHHUS
3HAKOM «-».

Tabmanma 9
Binsinne BHEIIHUX YCJI0BHI HA CTeNEeHb OTKPbITOCTH YCTHHIL

Bapuant Ddup Kcwnon | Cnupr CocTrosiHue yCThHIT

JIuct cBexunt

JIucTt noaB AN

JIucT ocBeNeHHBIN

JIncT 3aTeMHEHHBIN

B o0cyxaenun pe3yJbTaToB OTMETUTbh BJIMSHHE pa3HbIX BHEIIHUX YCJIOBUH Ha
coctosHue ycrbull. OOOCHOBaTh aJanNTUBHOE 3HAUYEHUE YCTBUYHBIX JBIDKEHHH K
M3MEHSIOIIMMCS JKOJOrH4ecKuM (¢akropaM. OTMETUTh 3HAYEHUE TPAHCIUPALUU B KU3HU
pacteHus. CrenaTh BBIBOABI O BIMSHUN BHEITHUX YCJIOBUHN Ha JBUKEHMS 3aMbIKAIOIINX KIETOK
YCTBUYHBIX aIllapaToB.

TEMA 10: «<OFbEM KOPHEBOM CUCTEMBI.
OBIIASA U PABOYAS IOBEPXHOCTH KOPHE»

Henab: BbIsICHUTH 3HaUEHUE 00IIeH aacopOupyromel 1 pabodeil MOBEpXHOCTH KOpHEN B
npoliecce TMOTJIONICHUsT BEIIECTB W3 OKpYXKAIOUIeW Cpeabl; ONpeAeiauTb 00BEeMbl KOPHEBBIX
CHCTEM, pa3Mephl 001IeH aIcopOupyroIIei 1 pabodeil MOBEPXHOCTH Y PACTEHHI pa3HBIX BUIOB.

3AJIAHME 1. Onpenenenue 06beMa KOPHEBON CHCTEMBI

Xox padorsl. [l wmccaenoBaHMS MCHOJIB30BaTh KOPHEBBIE CUCTEMBI JIBYX BHUIOB
pacTeHMi: NIIEHHMIBI U ropoxa. B3saTe mo 10 0JHOBO3pacTHBIX MPOPOCTKOB Ka)KIOTO BHJA,
coOparh UX B IYyYKHU TaK, 4TOObI KOPHEBBIE LICHKH HAaXOJWJINCh HAa OJHOM YpPOBHE, CBA3aTh
pacTeHust, 00CyIIUTh KOPHH C IIOMOLIbIO (PMIBTPOBAIbHOM Oymaru. B MepHBIN IIUIUHAD HAJTUTD
BOJY Ha OINpEICNIEHHYIO BBICOTY, 3aMETHTh HCXOJHOE IIOJIO)KEHWE MEHHUCKa B ILMJIUHIPE.
[Torpy3uTh B LWJIMHApP C BOJOH IMYyYOK MPOPOCTKOB TaK, YTOOBI KOPHHM OBUTM MOJIHOCTHIO
MOTPYXEHbl B BOAY. 3aMETUTh BTOPOE MOJOXKEHHE MEHHMCKAa. BBIHYTh KOpHEBBIE CHCTEMBI W3




IWIMHAPa, OOCYMNUTh MX (puiabTpoBaiIbHON Oymaroil. IloBTOpuTh M3MepeHHe elie JBa pasa.
[TpoBecTu Takue *e OMbITHl C KOPHEBBIMHM CUCTEMAMU IIPOPOCTKOB ropoxa.

Pe3yabTaThl uccnenoBanus 3amnucarb B Tabmumy 27. 1o okoH4aHuu paboThl KOpHEBBIE
CHCTEMBI ITyYKOB IPOPOCTKOB NEPEHECTH B CTaKaHbl C BOJOW M COXPAaHUThb JUIS CIEeAyrOIeiH
paboTHI.

Tabmuma 10
O0beMbl KOPHEBBIX CHCTEM MPOPOCTKOB MIIEHUIbI U TOPOXa
OOBeKT KonmuectBo O0BeM KOPHEBOM CHCTEMBI OJTHOTO IMPOPOCTKA, MJT
pPacTEHUM,IT. 1 noBTOp 2 OBTOp 3 noBTOp cpenHee
[MTmenwnna
I'opox

B o0cyxkaeHun pe3yJbTaToB CpaBHUTh JaHHbIC, IOJYyYEHHBIX MJii IPOPOCTKOB
MIIEHUIBI U TOPOXa.

Cnenate BBIBOJA O 3Hau€HHWU OOBEMA KOPHEBOH CHCTEMbl B MOTJIOIIEHUU BOABI U
MHUHEPaIbHBIX BEIIECTB U3 TIOYBHI.

3AJIAHUE 2. Onpenenenue o0uieil u paboyeil NoBEpXHOCTU KOPHEH

Xoa pabGorel. Haiute B Tpu IPOHYMEPOBAHHBIX CTAaKaHA OJMHAKOBOE KOJUYECTBO
0,0002 H pacTBOpa METHIICHOBO# cuHeil. O0beM pacTBOpa B K&KIOM CTaKaHe JAO0JKeH ObITh B 10
pa3 Oonblie o0beMa HcciieayeMoi KOpHeBOH cucremsl. IIpopocTku MIIEHMIBI, Y KOTOPBIX
U3MEpsIT 00BEM KOPHEBOW CHCTEMBI B MpPEBIAYyIICH padoTe, M3BJIEYb M3 COCyla C BOJOH,
OCTOPOKHO OCYHIMTh KOpHM (WIbTpoBabHOW Oymaroil. IlocnenoBarenbHO MOTPY3UTh
KOPHEBBIE CICTEMBI /10 KOPHEBOM 1IEHKH B TPU CTaKaHa C paCTBOPOM METUJIEHOBOM cuHEH Ha 1,5
MUH. B KaXJbli. PacTBOpbl II€peMelIMBaTh, OCTOPOKHO NOKAa4YMBasi CTaKaHbl M IIOBOPAaYMBasi
OOBEKTHI.

Onpenenuts ¢ nomoupto @IK mpu kKpacHOM CBETO(PUIBTPE ONTHYECKYIO IUIOTHOCTb
pacTBOPOB METUJIEHOBOM CHHEH B CTakaHax IOciie NMpeObIBaHUS B HUX KOPHEBBIX CHCTEM
NIICHUIBI. B KauecTBe CTaHIapTHOrO pacTBOpa MCIOJIb30BaTh UCXOAHBIN PACTBOP METHIEHOBOM
cuHel, pazbasneHHwlid B 10 pa3 (1 gacte pacTBOpa + 9 wacTelt AMCTWIIITUPOBAHHOW BOJIBI).
OnbITHBIE PacTBOPHI Takke HeoOxoauMo pasectd B 10 pa3. Kaxnoe nsMmepeHue ontuyeckoi
IUIOTHOCTH TOBTOPUTH TPU pa3a U BBIYUCIUTH cpeaHee apudmernueckoe. Iloctpouts
KaTMOpoBOUHBIH Trpaduk. J[ias 3TOro B CyXHMX MEpHBIX NMPOOUpPKAX NPUTOTOBUTH HE MEHEe
YyeThlpex pa30aBleHUH CTaHAapTHOrO pacTBopa U kojmopuMerpupoBath Ha OOK. Ha
MIIIMMETPOBOM Oymare HauepTUTh CHCTEMY KOOPJIMHAT, OTKJIaJbIBas IO Ocu abcuucc
KOHIIEHTPALMIO pacTBOPOB, a MO OCH OpPAMHAT — ONTHYECKYIO IIOTHOCTh. Eciu pacTBOpbI
IIPUTOTOBJIEHBl TOYHO, TO BCE TOUKHM OKAXYTCS JIEKAIIMMM Ha OJHOM INpSAMOH, KOTOpPYIO H
BbluepurBaloT. [l ompeneneHus KOHUEHTPAlMM HUCHBITYEMOrO pacTBOpa HaWTH Ha OCHU
OpAMHAT COOTBETCTBYIOILYIO TOUKY, IPOBECTU OT HEE TOPU3OHTAIBHYIO JIMHUIO J0 NEPECEUEHUs
¢ rpaMKOM U OMYCTUTh NMEPHEHAUKYISAP Ha och abcuuce. [IpoBecTH SKCIIEPUMEHT 10 3TOH ke
METOAMKE C MPOPOCTKAMHM TOpoXa, Y KOTOPHIX OO0BEM KOPHEBBIX CHUCTEM OIpENessics B
npeaplayen padbore.

Pe3yabTaTsl ucciaenoBaHuii 3aHecTy B Tabuuiy 11.

Tab6muma 11
OnTuyeckas NJIOTHOCTH U KOHIEHTPAIUSI METUJIEHOBOM CHHEl B HCCJIeyeMbIX pacTBOpPax

O05B- Ne cra- OnTud. MIOTHOCTD KoHI1. MeTHIIEHOBOM CHHEH, MI/MJT
eKT KaHa 1|2 ] 3 > B CTaHJAPT. p-pe B OIIBIT. P-pe
Tmre- 1 0,064
HHIIA 2 0,064
3 0,064
['opox 1 0,064




2 0,064
3 0,064

YMHOXHB 00bE€M pacTBOpa B CTaKaHE Ha KOHLIEHTPAILIUIO 3TOTO PacTBOPA, BHIYMCIUTH
KOJIMYECTBO METUJICHOBOM CHHEHU 10 U IIOCJIE TIOTPYKEHUs KOPHEH, a 10 Pa3HOCTH ITOIYYEHHBIX
BEJIMYMH — KOJIMYECTBO Kpacutess, aicopOupoBaHHOE KopHEeBOH cuctemoi. [lormomenue
METHJICHOBOW CHHEHl B TEPBBIX JBYX CTaKaHaX XapaKTepU3yeT OOMIyI0 aJcopOHpYIONIyIO
MOBEPXHOCTh KOPHS, IOIJIOIIEHHE B TPETbEM CTakaHe — Pabouyr0 MOBEPXHOCTb. YMHOXHUB
KOJIMYECTBO MWJUIMTPAMMOB IOTJIOIIEHHOW MeTwieHOBoW cuHel Ha 1,1 (1 Mr meruneHoBoit
CHHEW TpH MOHOMOJICKYJSIPHOM amcopOumu mokpeiBaeT 1,1 M? MOBEPXHOCTH aAcOpOCHTA),
HATH BeMWYHHY 001Ie afgcopOupyromeil u padboueil MOBEpXHOCTH B M2.

Pe3yabTaThl 3aHeCTH B TaOIMITYy 12.

Tabmuua 12
Oo6mas axcopoupyoias U padoyasi NIOBEPXHOCTh KOPHEBBIX CHCTEM MIIIEHUIIBI H TOPOXa

O6be | OOB- KonnuecTBo B cTakaHax [Tornomenue U3 cra-KaHOB [ToBepx-
KT eM METHJICHOBOM CHHEH, MT METHJICHOBOM CUHEH, MT HOCTb
pac- KOpHs, M>
TBO- 110 TIOCJIE TOTPYXK. 3 | u32-| wus u3 00- | pa-
pa, MJ1 | 1I0r- B BO B l-ro | ro lro | 3-ro | mas | 0o-
pPyX 1-m 2-M 3-M u2- qasi
ro

B o0cyxneHunm pe3yabTaTOB OTMETUTh MEXaHU3MBl QJCOPOIMU BEIIECTB HAa
MIOBEPXHOCTH KOPHEW M 3HAYCHHE 3TOrO MpoIlecca B KHM3HH PACTCHHN. YKa3aTh 30HBI KOPHS,
COCTABJISIIOIIME OOIIYI0 aJCOpPOMPYIONIYI0 W Ppabdouyr0 IMOBEPXHOCTh, OTMETUTH POJIb ITHX
MOBEPXHOCTEH B TOTJIOMIEHUH W TMpOBeACHHH BemiecTB. CpaBHUTH M3ydaeMble MOKa3aTeld y
paCTeHI/II\/’I MIEHUIBI U Topoxa.

Cnenath BBIBOJ O 3HAUEHUU aJCOPOIMU B TOTJIOMIEHUH BEIIECTB M 00 ydacTuu oOmIei
azicopoupyromei u paboueit TOBEPXHOCTH B TOM MPOIIECCE.

Temall: <MUKPOXUMHWYECKHUI AHAJIN3 30JIbl PACTEHUI»

Heab: nccienoBath 3011y pacTeHUI Ha cofiepKaHKe Kallblins, Maruus, gocgopa, xesnesa;
BBISICHUTD POJIb ATHX 3JIEMEHTOB MUHEPAJIBHOTO IIUTAHUS B KU3HU PACTEHUM.

3AJJAHUE 1. MUKpOXUMHUYECKUH aHAINA3 30JIBI

Xon pa6Gorbl. Haceimate B mpoOUpKy HEOOJIBIIOE KOJWYECTBO 30JbI U 3AIUTH €€
yeTelpexKpaTHbIM 00beMoM 10%-Hoit HCI. OTdunpTpoBaTh MONy4yeHHBI pacTBOp B YUCTYIO
npobupky. IIpoBecTn creknax peakuuu Ha Kanblui, marHui, ¢ocdop, xeneszo. [ns sroro
CTEKJIIHHOW MaJIOYKOM HAaHECTH Ha MPEeIMETHOE CTEKJIO KaIUIIO BBITSDKKM M Ha PacCTOSHUU 4-5
MM OT Hee — KaIUIl0 COOTBETCTBYIOUIETO pEakTHBa, COENIMHUTH Kaluld KaHaioM. B mecte
COEIMHEHUS NIPOU3OMAET peakliys, [0 KpasM KaHaja IPOU30HAET KPUCTALUIN3aLUs POILYKTOB
peaxkuu. 3aKphITh MIpernapaT MOKPOBHBIM CTEKJIOM U pacCCMOTPETh B MUKPOCKOII.

PeaktuBoM Ha moH Kamblus ciayxuT 1%-Has H2SOs4, mpu 3TOM XJOpHUI Kaiblud,
CoJIeprKalIHiics B BBITSKKE, pearpyeT ¢ KUCIOTOH 10 ypaBHEHUIO:

CaCl; + H2SO4 — CaS0g4| + 2HCI
OO06pa3yronuiics TUIIC OCAKIAETCS B BUJIC UTOJIbYATHIX KPUCTAJIIOB.

Jlns oOHapyKeHUs MarHusl K Karjie BBITSDKKM CHadana J00aBuTh Karmo 10%-Horo
pacTBOpa aMMHMaKa, a 3aT€M COEIUHUTh KAaHAJIbLIEM C PEAKTUBOM, KOTOPBIM CIIYKHUT 1%-HbIii
pacTBop dochopHoKHCTOTO HaTpHsl. [Tpu 3TOM oOpazyercst dochopho-
aMMMaYHOMAarHe3uajibHasi COJib, KPUCTAJUIM3YIOIIAACA B BHUJE MPSIMOYIOJIbHUKOB WM 3BE3[, B
pe3ynbTaTe CICAYIOLIEH PEaKLUn:

MgCl2 + Na2HPO4 + NHs — NHsMgPO4| + 2 NaCl




Hns oOHapyxkeHHst (ocdopa COSIUHUTH KAl BBITSOHKKH C 1%-HBIM pacTBOpOM
Monubaata aMMOHMsS B a30THOM kuciore. [lomyuuTcss 3el1€HOBATO-KENTHIH  OCAIOK
dhochopHOMOITHOICHOBOKHUCIOTO aMMOHHSI:

H3POs + 12(NH4)2Mo0O4 + 21HNO3z —
— (NH4)3PO4 - 12M00Os3| + 21 NH4NOs + 12 H20

XKene3o MokHO OOHAPYKUTH C TOMOIIBIO 1%-HOrO pacTBOpa KeNATON KpOBsAHOI conu. B
pe3ynbTaTe peakuuu o0pa3yercs OepIMHCKas JIa3yph:

4FeClz + 3K4[Fe(CN)s | — Fesa[Fe(CN)e ]3| + 12 KCl

Pe3yabTaThl uccienoBaHuii 0GOpMUTh B BUAEC PUCYHKOB KPHUCTAIJIOB, BBHIMAJAIOMINX B
0CaJI0K, 3aIIUCaTh YPaBHEHUSI PEaKIUil.

B o0cy:kaeHuH pe3yJbTaTOB M BBIBOAAX YKa3aTh (PM3MOJIOTHYECKYIO POJIb KaJbIIWs,
dbocdopa, Maruus u xenesa.

Tema 12: «<OBHAPYKEHUE HUTPATOB»

Leab: U3y4nTh 3aBUCUMOCTH COJICPYKAHHUSI HUTPATOB B TKAHSAX PAa3HBIX BHUJIOB PACTCHUI

OT BHEIIHUX U BHYTPEHHUX YCJIOBHII.
3AJTIAHUE 1. OGHapy>KeHHe HUTPATOB B PACTUTEIIbHBIX TKAHIX

Xoa padotbl. [lomecTuTh Ha Oenyr0 Tapelky KyCOYKHU JHCTOBOM IUIACTUHKH, Yepellka
aucTa, cTeOsi MCCIeayeMOro KOMHATHOTO pacTeHUs. Pa3MsTh TKaHU CTEKISTHHOM NallOYKOM
(manmouyky KaxAbli pa3 CIONACKUBATh BOJOW M BBITHPATh), 100aBUTH MO JBe Kariau 1%-HOro
pacTtBopa mudeHHIaMHHAa B KOHIICHTPUPOBAHHOW cepHOM KucinoTe. OUEHUTh MHTEHCHBHOCTD
CUHETO OKpariuBaHus uepe3 1,5-2 MuH. no cineayromiei mkane (tadn. 10).

Tabmuma 10
Il kaJja 1JIsi BU3YaJIbHOM OLCHKH YCJIOBHOIO COACPKAHUSI HUTPATOB
bamn Oxpacka pacTUTeNbHON TKAaHU YcnoBHOE
COJIEpKaHUE
HUTPATOB
6 TkaHbp OBICTPO ¥ MHTEHCUBHO OKPALINBAETCSI B UCCUHE-UYEpHBIN 1[BET. | MHOTO
Oxpackaycroilunba
5 TkaHb cpasy OKpallliBaEeTCs B TEMHO-CUHHN 1uBer. | Mensie
OxpackacoXpaHsieTCIHEKOTOPOEBPEMS
4 TkaHb OKpalIuBaeTCs B CUHUU uger. | Ememensie
Oxpal¥BaHUEHACTYIaETHECPA3Y
3 Tkanb okpammBaeTcsi B CBETJIO-CHHUN 1BeT. Okpackancuezaetdepes | Enmemensiie
2-3 MUH
2 OxpackaOBICTpOHCYE3aeT Ememenspie
1 Crenpl roiry00il OKpacku OBICTPO MCYE3AI0T Oyenbmaio
0 Hercuneiokpacku Her

PesyabTaThl uccnenoBanus 3anucath B Tabnuiy 11. B o6cyxaeHum pe3yJibTaToB
COIIOCTAaBUTh COZIEp)KaHUE HHUTPATOB B PA3HBIX YACTAX MoOera, OMpeAeiuTb, B TKAaHAX KaKHX
OpraHOB COJEPKHUTCS MAKCUMaJbHOE M MHHHMAJIBHOE KOJIMYECTBO HUTPATOB. OTMETHUTH
BIIMSIHUE YCIIOBHMI OCBEILEHUs HA HAKOILUIEHUE HUTPATOB.

Tab6muma 11
Biusinue ycJI0BHI OCBELICHUS HA COAEPKAHNE HUTPATOB B TKAHAX PACTCHUI
Pacrenne VYcenosus KonmuecTBo HUTpaToB
OCBEILEHUS YEepeLIoK JUCTOBASIIIIACTUHKA crebelb

Cnenate BBIBOJ O CIIOCOOHOCTH pa3HBIX TKaHEW MOOETOB K (HOTOBOCCTAHOBICHHUIO
HUTPATOB.

Paznen 3. /Ibixanue .
Tema 13: «KOBHAPYXEHUE JIbIXAHUSI PACTEHUN»




Heab: noka3arb, YTO MPU ABIXAHUM PACTEHUM BBIACISIETCS YIIEKUCIBIM ra3 KaKk KOHEYHBIN
MPOIYKT JbIXaTeIbHOTO OOMEHa.
3aganue 1. O6HapyXEeHHUE IbIXaHHs PACTEHUH

Xoa pabotbl. B crexnmsgnanyro OaHky HackmaroT 50-60 T mpopocHIMX CEMsH, TUIOTHO
3aKpBIBAIOT €€ MPOOKOi, B KOTOPYIO BCTaBJICHBI BOPOHKA M M30THYTAas CTEKIJIsIHHAs TpyOKa U
OCTaBIIsAIOT HA 1 4. 3a 3T0 BpeMsl B pe3yJibTaTe AbIXaHUs CeMsiH B 0aHKE HAKOMUTCS YTIICKUCIbII
ra3. OH TsDKenee BO3yXa, MOITOMY COCPEJOTOUYEH B HIDKHEH yacTW OaHKM M HE IMOMajgaeT B
atMocdepy depe3 BOPOHKY WK TPYOKy. OHOBpEMEHHO OEpYT KOHTPOJIbHYIO OaHKY 0€3 CeMsH,
TaKXe 3aKpbIBAIOT €€ Pe3MHOBON MPOOKOIl ¢ BOPOHKOW M CTEKIITHHOM TPYOKOI U CTaBAT PSIIOM C
MepBOi OaHKOM.

[lo oxoH4YaHMM OIBITa CBOOOJHBIC KOHIBI CTEKJISIHHBIX TPYOOK OITyCKarOT B JBE
npoOupku ¢ 6apuToBoi Bojoi. B 00e GaHkM uepe3 BOPOHKM HAYMHAIOT MOHEMHOTY HaJIMBaTh
BoNy. Bona BeITecHsIeT U3 6aHOK BO31yX, oboramieHHbii CO2, KOTOPBIN MOCTYNAaeT B MPOOUPKH €
pacTBOopoM rujpokcuaa 6apusi. B pesynbrate 6aputoBas Boja MyTHeeT. CpaBHUBAIOT CTENEHb
IIOMYTHEHHS pacTBOpa I'MIpokcuia 6apus B 00enx npoOupKax.

Pe3yabTaThl: 3apucoBaTh NpuOOp, KOTOPBIM MOMOTaeT OOHAPYKUTh IbIXaHHE IO
BbiieneHno CO2, caenaTh MOANKUCH K PUCYHKY M BbiBoA O BelIeneHun COz B mporecce
JIBIXaHUSI.

Tema 14: <UHTEHCUBHOCTD AbIXAHUS»
Ieab: OBIaLETs METOAOM OIPEACIICHUS HMHTEHCHUBHOCTH [bIXaHUA II0 KOJIUYECTBY
BBIJICJICHHOIO YIJIEKMCIIOrO Ia3a; U3y4UTh MHTEHCUBHOCTD JIBIXAHMS Pa3HBbIX TKAHEW pACTEHUMN.

3AJJAHMUE 1. Onpenenenre HHTEHCUBHOCTH ABIXAHMSA IO KOJIWYECTBY BhLaenaeHHOro CO2 (mo
Boiicen-Menceny)

Xoa padotbl. [TomecTuTh J1Be HABECKU HCCIIEYyEMOIO pacTUTEILHOIO Marepuana (mo 3-
5 I. IMCTOBBIX MJIACTUHOK U CTeOJIel KOMHATHBIX pacT€HUIl) B MapJieBble MEIIOYKHU, IPUKPENUTh
X K KpIOYKaM, BCTAaBJIEHHbIM B MpoOKy. IIpoBectn mpoOHYIO cOOpKY yCTaHOBKH, IIPOBEPHB,
CBOOOJIHO JIM MPOXOJUT MEIIOYEK ¢ MaTepUanoM depe3 ropiio KOJObl U He OMyCKaeTcs JU OH
CIIMIIKOM HHU3KO0. Hanmuth B kaxkmyio xonOy mo 10 mi pactBopa Ba(OH): m moGaButh mo 2-3
Karm (eHondTanenHa. bbICTpo OMyCTUTh B KOJIOY MEIIOYEK C PacTUTENIbHBIM MaTepHalloM,
KOTOpBIA HE JOJDKEH KacaTbCs pacTBopa O0apuTa, IJIOTHO 3aKpBITh MPOOKOH. OTMETUTH BpeMs
Hayajia 3KCIO3ULIHH.

Onpenenenus NpoBOIUTH Cpa3y JUIsl ABYX BapHaHTOB B pa3HbIX Koyi0ax. B KOHTposibHYIO
(myctyro) konOy Takxke HanuTh 10 mMa Oaputa, 106aBUTH 2-3 Karuu QeHosndTranenHa U MIOTHO
3aKpbITh poOKoi. KosiObl ¢ 0o0bekTamu, coaepKalluMu XJIOpOoQMII, HA BpeMsi BCErO OIbITa
MOMECTUTh B TEMHOTY JUIsl HCKIIFOUEHUS Mpoliecca (HOTOCHHTE3A.

Bpemst ot BpemeHHN KOJI0BI OCTOPOKHO MOKAYMBaTh, 4TOOBI pa3pymuTth ieHKy BaCOs,
NpPEeNATCTBYIOMIYIO MoHOTe nornomeHuss CO2, He JomycKas nomnagaHus 6apuTa Ha MEIIOYeK ¢
pacTuTenbHbIM MarepuasioM. HeoOGxogumo crmeauth 3a TeM, 4YTOOBI OKpacka pacTBopa
ocTaBaslach SIpKO-po3oBoi. Ecimu pacTtBop oOecrBeumBaeTcs, TO 3TO IOKAa3bIBAET, YTO BECh
Ba(OH). uspacxonoBan Ha cBs3eiBanue CO2. B 3TOM ciiyyae HEMEUIEHHO MPWIHTH MO 5 M
O6apuTa B KOHTpPOJIbHYIO M ONBITHBIE KOJOBL. Yepe3 | 4. ymanuTh pacTUTENbHBIA MaTepua,
OBICTPO 3aKpBITh KOJObBI M OTMETUTh BpEMS OKOHYAaHMS ONbITa. B KaXaoMmM BapuaHTe
NPOTUTPOBATh OCTaBHIyIOCH Inenoub, npuauBas 0,025 u pactBop HCl nmo wucuesnoBenus
po30BOTO OTTeHKA. KOHTPOJIBHYIO KOJIOY MOYKHO TUTPOBATh uepe3 20 MUH. Tociie Hadaia OMbITa.
Pe3yabTaTsl 3anucath B TadauIy 15.

HNutencuBHOCTH Abixanus (1) BEBIYUCIUTE 10 cieayromieit hopmyre:

I,=(A-B)-0,55/p - t,
rae A — pe3ynbTaThl TUTPOBAaHUS COJEPKUMOI0 KOHTPOJBHOM KOJObI; B —  pe3ynbraTsl
TUTPOBAHUS COIEPKUMOTO OMBITHON KOOBI; 0,55 — komudectBo Mr CO2, SKBUBaJIGHTHOE 1 MiI
0,025 u pactBopa HCI; p — macca HaBecku, T; t — SKCIO3HIIUA, Y.

Tabauua 15



NHTEHCUBHOCTD IBIXaHMS JUCTHEB U cTe0J1eH pacTeHni

O0b-eKkT Ha- Ob6beMm Bpewms Pacxox HCl,mn WNurenc.
BeC- Oapura Ha- KO- 9KCIIO- KOHT- ONLIT | JIbIXa-HUA,
Ka, T M Yajo | Hely 3N pOJIb MI/T * 4ac
Jluctbs
Crebnu

B 06cy)lmem/m pe3yJbTaTOB CpPAaBHUTH JAHHBIC 00 HWHTEHCHBHOCTH JbIXaHUA
PaCTUTCIIbHBIX 00BEKTOB B Pa3HBIX BapUaHTaxX OIIbITA. OTMETHTL BO3MOKHBIC IMPUYUHBI pa3H0171
HMHTCHCHUBHOCTH AbIXaHUS JINCTHEB U cTeleii.

CI[GJIaTb BbIBOJAbI O TKaHeCHeL[I/I(bI/I‘-IHOCTI/I HCCIICAYCMOI'0 ITOKa3aTeJIA.

Tema 15: «OINPEAEJIEHUE ABIXATEJBHOI'O KOO®®UIIUEHTA>

Henab: BBLICHUTH, KaKHe BeUIECTBA HCIONB3YIOTCS Kak CyOCTpaThl JbIXaHHS U
3aBUCHUMOCTb JBIXaTeILHOr0 KOd((DHUIIMEeHTa OT XUMHUYECKOUN MPUPOBI CyOCTpaTa.

3AJIAHUE 1. Onpenenenue apixaTeabHoro kodddunmenrta
[IPOPACTAIOIIUX CEMSIH

Xoa padorel. B rpangynpoBaHHy0 U30THYTYIO TPYOKY, BCTaBIEHHYIO B IPOOKY, BBECTHU C
MOMOIIbI0 MHUMETKU € OTTAHYTHIM KoHIIoM Karutro 0,0002 H pacTBOpa METHJIICHOBOW CHHEH.
[lepemecTuTs Karmmo Ha cepeauHy TpyOku. Haceimate B mpoOupky (mpumepHo a0 1/3)
HAKJIFOHYBIIIMECS] CEMEHA MIIECHUIbl U TUIOTHO BCTABUTH MOJTOTOBIICHHYIO MPOOKY C TPYOKOI.
[ToctaButh 3aKkpbITyl0 MpoOupKy B ImTaTUB. OTMETUTH MEPBOHAUYAIBHOE TMOJIOKEHUE
BHYTPEHHETO MEHHCKa KaIlJld, Yepe3 5 MHUH. clieJaTh MOBTOPHBIA 3aMep TMOJIOKEHHUS Karulu
MeTHIeHOBOM cuHed. Ilocne ombiTa OTKPBITE MPOOMPKY, BBIAEPKAaTh ceMeHa 2-3 MHUH. Ha
Bo3ayxe. CaenaTh BTOPOM U TPETUI MOBTOP IKCHEpUMEHTA. M3 pe3yabTaToB TpeX MOBTOPHOCTEN
BBIUMCIIUTh CpeqHee paccTosiHue (A), MpoiiieHHoe Karuiei 3a 5 MUH., KOTOPOE COOTBETCTBYET
pasHocTu Mexay oobremamu norsomenHoro Oz u BeigeneHHoro COz.

BnoxxuTh TUHIETOM B BEPXHIOK YacTh MNPOOMPKH CBEPHYTYIO KOJBIIOM TIOJOCKY
¢unbTpoBasibHON Oymaru, cmoueHHylo 20%-HbiM pactBopoM KOH. 3akpbeiTh npoOupky
npoOkoil. OTMETHTh TONOKEHHWE MEHHCKAa Kalljil METWJICHOBOM CHHEH, ompeaenuTh
nepeBmKeHNe Karmi 3a 5 MuH. Crenath J1Ba MOBTOPHBIX OINBITA M BBIYUCIUTH CPEIHIOO
Bennuuny (B).

O6o3HaunM 00BEM TOTJIOMIEHHOTO Kuciopoga dyepe3d Oz, 00BEM BBIIEICHHOTO
yraekucioro raza — CO». 3Has BenuuuHbl A 1 B MOXHO HaiiTu ApIxaTtenbHbIN KOdhGUIMeHT: A
=02 - CO2; B=02; CO2=B — A; orctona apixarenbhblii koadpurment CO2 / O2 = (B—A)/ B.

[IpoBecTu 3KCIEPUMEHTHI 110 TaHHON METOAMKE C CEMEHAMHU JIbHA U TOpOXa.

Pe3yabTaTsl 3anucath B Tabnuiry 16.

B o0cyxnenuu pe3ybTaTOB CPAaBHUTH MOTYYCHHBIE AbIXaTeIbHBbIE KOIPPUIMESHTHI Y
[IPOpacTaOIUX CEMSH IMIICHUIIBI (3allacHble BEIIECTBAa — YIJIEBObI), IbHA (3alacHbIE BEIIECTBA
— Macna), ropoxa (3amacHele BemecTBa — Oenku). OTMETHTb, ¢ 4YeM CBS3aHBl Pa3TUUUS
BEJIMYMHBI JIBIXaTEIIBHOTO KO3 PUITUCHTA Y H3yJaeMbIX PACTUTCIIHHBIX 00BEKTOR.

Tabnuua 16
JbIxaTe/ibHbIN KO3 (PUUHEHT MPOPACTAIOIIUX CEMSH,
co/iep KalluX pa3Hble 3allacHbIe MUTATeJbHbIE BellecTBa
OOBeKT IlonoxeHre MeHHCKA Paccrosinue, npoiinennoe kamnei 3a | CO2
5 MHH., MM Oz
6e3 KOH ¢ KOH 6e3 KOH (A) ¢ KOH (B)
1 2 311 2 3 1 12[3|Z|1 2 3 2z

IMTmenwnna
Jlen

I'opox




B o0cykneHnu pe3yabTaToOB CPaBHUTH IOJyYCHHBIE JbIXaTeNbHbIE KO3(PULIMEHTHI Y
NPOPACTAIOIIUX CEMsIH IIICHUIIBI (3arlacHbIE BEIIECTBA — YIJICBObI), JIbHA (3aacHbIC BEIIECTBA
— Macna), ropoxa (3amacHeie BemiecTBa — Oenku). OTMETHTB, C 4YeM CBS3aHBl Pa3TUUHS
BEJIMYHMHBI JIBIXaTEILHOTO KOA((UITMEHTA Y H3y4aeMbIX PACTUTEIBHBIX O0BEKTOB.

CraenaTh BHIBO/BI O 3HAYCHUU M3y4aeMOro MoKa3aTelsl.

Tema 16: «IIOTEPSA CYXOI'O BEHIECTBA ITPU ITPOPACTAHUU CEMSIH»

Ienp: BBIACHUTB, KaK NMPOUCXOIUT MOTEPs. OPraHUYECKUX BELIECTB NPU IIPOPACTaHUU
CEMSH pa3HbIX BUJIOB PaCTEHUI.

SAJTAHUE 1. [ToTeps cyXoro BeuecTsa Npu NpopacTaHUU CEMsIH

Xoa pabGorsl. B3Becuts aBe nmopuuu ceMmsiH nuieHuns! 1o 10 mTyk (0 BO3MOKHOCTH
BbIOMpPATh MPUMEPHO paBHbIE ceMeHa). OHYy MOpLMI0 MOMeCTHTh Ha 1 4. B wamky Ilerpu c
HEOOJIBIIIMM  KOJIMYECTBOM BOJBI, 4TOOBI BbI3BaTh HaOyxaHue ceMsiH. Bropyro mopumio
IOMECTUTb B OYMa)KHBIH ITaKeT, CHAOKEHHbIN TUKETKON, U BBICYIIMTh IpU Temmneparype 130° C
(ae menee 2 4.). [locie oxyaxx/1eHnus CEeMEHAa CHOBA B3BECUTb.

HaOyx1mme cemeHa nepBoii mopuuy MoMecTUTh Ul IPOPALMBAHUS BO BIAKHYIO KaMepy.
JUis 3TOrO BBUIOKUTH JHO M KpbIIKY 4damku [letpu ¢unbrpoBanbHOi Oymaroid, oOMIBHO
CMOYMTBH Oymary BOJIOM, pa3iaokHuTh HaOyXIlne ceMeHa, 3aKpbITh KpbIIIKOW. [TomecTuTh yamky
[TeTpu ¢ ceMeHaMu B TEMHOTY, Y€pe3 Kax/ible 2 IHs [10JIMBATh BOJOK.

Yepe3 Henemo Wu3BIEYb IPOPOCTKM M3 4Yawlku [lerpw, TIIATENBHO OCYILUTH
¢unbTpoBaIbHON Oymaroil u B3BecuTh. [IoMECTUTH MPOPOCTKH B OyMaskKHbII MAKET, BHICYIIUTD
npu temneparype 100-105° C no abconroTHO Cyxoro coctosiHus (4-6 4.), mocie OXJaXKIeHUs —
B3BECUTh. ECIM mpopociu HE BCE CEMEHa, TO YUUTHIBAIOT TOJBKO IPOPOCLIME, a 3aTeM
IIEPECUUTHIBAIOT CBIPYI0 U CYXYKO Maccy NpopocTkoB Ha 10 sk3emmuiipoB. PesyibTarhl
HKCIIEPUMEHTOB 3amucaTh B Tadnuiy 17.

Tabmuua 17
ConeprxkaHue BOJbI M CYX0T0 BEIIeCTBA B CEMEHAX H MPOPOCTKAX MIIIEHUIIbI
Macca 10 ce- Conepx Macca 10 Conep- IToreps cyxoro
MSIH, T aHue MIPOPOCTKOB, T | JKaHUE BOJIBI BEIIECTBA
BO3- abcour. BOJBI B CEI- abcoi. B IIPOPO- Ha 10 % abco.
TyUTHO- cyxas ceMe- past cyxas CTKax, % | ce-MsH | CyXOi Mac-Chl
cyxas Hax, % CeMSIH

B o0cy:knenusix pe3yJbTaTOB CpPaBHUTh COJEP)KAHHE BOJbI B TOKOAIIUXCS |
IIPOPACTAIOIINX CEMEHAX, IPOAHAIU3UPOBATH PUYMHBI U3MEHEHUS CHIPOM U CYXOM MaccChl IIpU
MPOPaCTaHUH CEMSIH.

Crnenath BbIBOABI 00 H3MEHEHHUH TIPOLIECCa IbIXaHUs TP MMPOPACTAHUU CEMSH.

Pasznea 4. dorocunTe3
Tema 17: « DU3UKO-XUMHNUYECKHUE CBOMCTBA IMTMEHTOB ®OTOCUHTE3A»

Henab: oBnaseTh METOAAMU BBIJEIICHUS MUTMEHTOB U3 JINCTA U Pa3felieHUus] MMIMEHTOB

¢dorocuHTe3a; U3YUUTH (PU3NUECKHE CBOWCTBA XJIOPOPHIUIOB M KAPOTHHOUIOB.
3AJTIAHUE 1. IlonyyeHue BEITSDKKH IUTMEHTOB 3€JI€HOr0 JINCTAa

Xonx pa6oTrbl. CBexue WM BBICYIICHHBIE JHUCThS (1-2 T) HM3MENbYUTh HOKHHUIAMU,
OTOpPOCUB KPYITHBIE JKUIIKA M YEPEIIKH, TOMECTUTh B CTYIKY, 00aBUTh MeJla Ha KOHYMKE HOXa
(U1 HeUTpaNM3aluu KHUCIOT KJIETOYHOTO COKa) M HEMHOTO TOJYEHOro cTekisa. TmiarenbHo
pactepeTh, npuiauBas moHeMHOry 70%-Hblii pacTBOp »THIIOBOro cnupta (20 mur). Crnute
MOJIYYCHHBI TEMHO-3€JICHbI pPacTBOpP IO MaJO4YKe B BOPOHKY CO CKJIaT4aThiM (PUIBTPOM,
coOpaTh IKCTPAKT B YHUCTYIO CYXYIO MPOOUPKY. B apyroii cTymke pactepeTs JIMCThS C BOJOH,
npopmIbTPOBaTh, COOpaTh (PHUIBTPAT B YUCTYIO CYXYyIO NMpoOHpKY. PaccMoTpers moiydeHHbIE
BBITSDKKH Ha CBET, YCTAHOBUTb, KaKasi U3 HUX MPEACTaBIsAET cOO0N MCTUHHBIN pacTBOp, a Kakas




— KosutoniHbIN. CenaTs BBIBOA O PaCTBOPUMOCTHU ITUTMEHTOB IIJIACTU]I B BOJE U OPraHUYECKOM
pactBopuTene (cnupre). Mcrnonb30BaTe CIUPTOBYIO BBITSKKY JUISL JAJIbHEHIINX UCCIIEA0BAHUM.
3AJJAHUE 2. CrekTphl NOTI0LIEHUS IUTMEHTOB

Xoa padorbl. HanpaButh CrieKTpOCKON Ha MCTOYHUK cBeTa. OTperyiupoBaTh MIUPHHY
HIeJM Ha KOHIE TPYOBI CIIEKTPOCKOINA TaK, YTOOBI CHEKTP MOJYYHJICS YETKUM M JTOCTATOYHO
SAPKUM.

Hanutbs B npoOupKy 2 MiI BBITSDKKM IMITMEHTOB 3€JIEHOTO JIMCTa U MOAHECTU K LIENIU
crekTpockona. M3yunts ciekTpsl MOIJIOLIEHNs pacCTBOPOB XJIOPOPHILIA Pa3HOM KOHLIEHTPALMH,
pa30aBisist BHITSDKKY B oTHomeHusix 1:1; 1:3; 1:5; 1:15. Jlna cpaBHEHUs paccMOTpETh CIIEKTP
pacTBOpa KCaHTO(PMILIA, OJTYYEHHBIHA IIPU pa3/iesieHu NurMeHToB o Kpaycy.

PesyabTatsl opopmuth B Tabmuiy 12. 3apucoBarh CIEKTPHI, IPUYEM IOTJIOMICHHBIC
YUYaCTKH 3aKpacUTh YEPHBIM, a BUMMBbIE YUAaCTKHU CIIEKTpa — LIBETHBIMU KapaHallaMH.

Tabmuua 12
IHoromenne gy4yeid BUIUMOTo cBeTa GOTOCHHTETHYECKHMH MUTMEHTaMH

PactBop YyacTku criekTpa

(i) c r 3 K 0 K

Xnopoduina 1 : 15

Xmopodumna 1 : 5

Xmopoduina 1 : 3

Xmopodwuimna 1 : 1

Hepaz0aBnennbiit

Kcanrodumia

s coctaBieHus OOCYKAeHUIl pe3yJbTaTOB OTBETUTh Ha Bompochl. Kakue nyun
NOTJIOUIAI0TCS XJIopoduiiamu Hanbosee cuiibHO? KakuMu 0cOOEHHOCTSIMU CTPOEHHUS MOJIEKYIIbI
xjopousuioB obecriednBaeTcsi 3TO0 WX (uznueckoe cBoicTBo? Kakume yuyacTku crektpa
MOTJIONIAIOTCSL  XJopoduiutamu HauOosiee cimabo? Kakue nydn moryiomarT KCaHTO(GUIIbI?
Kakumu 0COOEHHOCTSAMU CTPOCHHS MOJEKYJIbl KCAaHTOPWIJIOB O0O0ECIeYMBAETCS OSTO UX
¢uznyeckoe cBOMCTBO?

B BbIBOJE yKa3aTh CIEKTPHI MOTIIOMIEHUS XJIOPOPUILTOB i KCAHTO(DUILIIOB.

SAJJAHUE 3. ®nyopeciieHnus xaopoduiia

Xoa padoThl. BBHITSDKKY NHUTMEHTOB B MPOOMPKE MOMECTHTh HAa TEeMHOM (GoOHE Y
HACTOJIFHOW JaMIibl. PaccMOTpeTh BBITSDKKY C TOM CTOPOHBI, OTKyZJa majaer cBeT. OTMETHUTh
OKpAacKy pacTBopa.

Pe3yabTaTsl 3apucoBarsk.

B o0cy:xnenuu pe3yJibTaTOB U BbIBOJE YKa3aTh MPUUMUHY (DIyOPECUCHIIUN U YCIOBUS,
IIPH KOTOPBIX OHA MTPOUCXOTHT.

3AJIAHUE 4. Paznenenue nurMeHToB 1o Kpaycy

Xoa pa6orbl. Hamuth B mpoOMpKY 2 MJI COMPTOBOM BBITSDKKH NUTMEHTOB 3€JI€HOrO
JuCTa, 100aBUTH 3 MJI OCH3UHA U 2-3 KaIiu BOABI (UTOOBI CIUPT HE CMEUIUBAJICS C OCH3UHOM).
3aKkpeITh TPOOHMPKY, HECKOJIBKO pa3 BCTPSAXHYTh W JaTh OTCTOSAThCS. Ecim  pasnmeneHue
MUTMEHTOB Oy/leT HEIOCTaTOYHO YeTKUM (00a clios OKpalleHbl B 3€JEeHBIH 1BET), TO
HEO0XO0IMMO TIPHITUTH ellle OCH3MHA U TPOI0IDKATh B30anThiBaHne. OTMETUTH OKPAcKy HIKHETO
CIIUPTOBOTO CIIOSI U BepXHETo OeH3nHOBOTO. Pe3yabTaThl 0)OPMUTH B BHJIE PUCYHKA.

B o0cyxnennu pe3yJbTaToB OOBSCHUTH TNPHUYNHY HEOJWHAKOBOW pPACTBOPHMOCTH
MUTMEHTOB B crupTe U OeHszuHe. Chenath BBIBOABI O Pa3HOW PacTBOPHUMOCTH XJIOPO(HILIOB,
KapOTHHOB M KCAaHTO(DUIIOB.

3AJIAHUE 5. Ombinenue xa0poduiiia menoubko

Xoa pa6orsl. K 2 Mi ciupToBO# BBITS)KKM TUTMEHTOB 100aBUTH 4-5 kanenb 20%-Horo
pactBopa KOH u B36ostats. [IpunuTh B mpoOupKy paBHBIN 00beM OCH3MHA, BCTPSIXHYTh U JaTh
oTcTOAThCS. OTMETUTH OKPACKY HIXKHETO CIUPTOBOTO M BEPXHETO OEH3MHOBOTO CIIOEB.




Pe3yabrarel odopMHT, B BHIC pPHUCYHKA. 3apHcoBaTh NPOOMPKY C pa3ieieHHON
BBITSDKKOM, YKa3aTh, KakKHE BEIECTBA pACTBOPEHBbI B CIUPTOBOM (pakuuH, Kakhue — B
OCH3WHOBOM, MMes BBU/Y, UTO HE BCEe (POTOCHHTETHUECKHUE MUTMEHTHI PEarupyoT CO MIEI0YbIO.

B ofcy:xneHnn pe3yJbTaToOB 3amucaTh ypaBHEHUE PEaKIMU OMbBUICHHS XJIOpoQuIUIa,
yKa3aTh 00pa3yomuecs MpOayKThI.

B BbIBOJE OTMETHTB, B 4eM 3aKJIIOYACTCSl XUMUYECKAsl CYLTHOCTh PEAKIIMU OMBLICHUSL.

3AJIAHUE 6. ITonyuyenue ¢peodutrHa U BOCCTAHOBJICHHUE METAJUIOPTaHUYECKOM CBSI3U

Xon pabGorbl. Hamute B 1gBe nmpoOupku 10 3 MJI CHOMPTOBOW BBITSKKM NHMITMEHTOB
3eJICHOro JUCTa U 100aBUTh B HUX 1o 2-3 xamiu 10%-noro pactBopa HCl, otMeTuTh OKpacky
MOJYYEHHOTO MPOAYKTa peakuuu. B oxny u3 mpoOupok ¢ (peopuTHHOM BHECTH HECKOJBKO
KPUCTAIJIOB YKCYCHOKHCIOW MEAM W JIOBECTH pacTBOpP [0 KHUMEHHs (HarpeBaTh CIEAyeT
OCTOpPOXKHO, HE JOMyCKas BbIOpAChIBAHUSA KHMIKOCTH U3 TPOOMpPKH). 3aMETUTh H3MEHEHHE
OKpPAacKH pacTBOpa, BI3BAHHOE 3aMElICHHEM BOJ0po/ia B heoPUTHHE HA ME/Ib.

PesyabTaTsl: 3apucoBath NpoOUPKHU, OTMETUB OKPACKY BBITSKEK.

B o6cyxnenun pe3yabTaToB 3amucaTh ypaBHEHHUs peakiuii: 1) B3auMopaencTBUA
ximopopmuia ¢ HCl ¢ oOpazoBanmem ¢deoduruna; 2) B3ammoaeicTBus ¢deodutuHa C
YKCYCHOKHCTIOW Meabto. OTMeTUTh, IOYeMy B XOJ€ OTUX XHUMHYECKHX MpeBpalleHui
U3MEHSETCS OKpAcKa BBITSDKKH. Kak H3MEHSI0TCS TpH 3TOM (PH3UYECKHEe CBOMCTBA TUTMEHTOB?

B BbIBOIE OTMETHTH, B YEM 3aKJIIOYAETCS XUMUYECKas CYIIHOCTb PEaKIUU 3aMelleHus
aTOMa MarHusi Ha aTOMbI BOJIOPO/1a U PEaKIIMK 3aMEILEHUsI aTOMOB BOJIOPO/ia HA aTOM MEJIH.

Tema 18: «<KKOJIMYECTBEHHOE OIIPEJAEJEHUE IMT'MEHTOB»

Henab: wW3y4uTh KOJMYECTBEHHOE COJAEP)KaHHE MUTMEHTOB (OTOCHUHTE3a METOAO0M
KOJIODUMETPUPOBAHUS B JIMCThSAX PA3HOrO BO3pacTa U B 3aBUCUMOCTU OT 3KOJOTHYECKHX
YCIIOBUH; OBJaJeTh METOJ0M XpOMAaTOrpauuyeckoro pasjieieHus MUIMEHTOB (Xpomarorpadus
Ha Oymare).

3AJJIAHUE 1. Onpenenenue cosepkanus xyuopoduiia

Xonx paoOorbl. IIpUroTOBUTH BBITSKKM IIMTMEHTOB H3 JIMCTBEB PA3HOIO BO3pacTa
KOMHATHOTO pacTeHusi (MOJIOABIX PacTyIIUX JIMCTbEB M JIUCTHEB 3PEJbIX, 3aKOHYMUBIIUX POCT),
ucnone3ys mo 300-500 mr Tkamedt u 10 ma 70%-Horo pactBopa cnuprta. Onpenenutsb
ONTUYECKYIO MIOTHOCTH BhITsKEK Ha @OKe. [l aToro 3a 20 MuH. 10 Hayana paboThl BKIOYUTh
npuOop, YyCTaHOBUTH T'aJbBaHOMETP Ha HYJIEBOE J€JIEHHE, NOCTaBUTh KpPAacCHBI CBETOQUIBTP,
OTKpBITh WITOPKU. OIpenenuTh ONTUYECKYIO IUIOTHOCTH BBITSKEK M CTaHJAPTHOIO pacTBopa
I'érpu (koHueHTparus 78 MI/1) OTHOCHTEIBHO YHCTOTO PACTBOPHUTENS (CIUPTA), UCIIOIB3YS
KIOBETBI C PAcCTOSTHUEM MEXIy rpaHsmMu 10 MM. BplUMCINTD KOHLIEHTPALMIO BBITSKEK I10
MPOIOPLIUH:

Per. / Pon. = Cer. / Con.,
I/I€ Per. — ONTUYECKas IJIOTHOCTb pacTBopa ['eTpu; pon. — ONTHYECKAs MIOTHOCTH OIBITHOIO
pactBopa; Cer. — KoHIIeHTpauus pactBopa ['erpu, mr/ 10 mut; Con. — KOHLIEHTPAIHS ONBITHOTO
pactBopa, Mr/ 10 M. PaccunTath mpoIieHTHOE cojiep)kaHue XJITOpO(UIIOB B HABECKAX JINCTHEB
M3Yy4aeMbIX BapUaHTOB.
PesyabraThl skcnepuMmeHnta 3anucath B Tabmuny 13. [lomydeHHblE BBITSXKKH
XJIOPO(UIUIOB HCTIOJIB30BATh ISl BBIMOJIHEHUS CIETYIOLIET0 3a/1aHusl.

Tabmanma 13
Coaep:xanue XJ0po(pHIII0B B JTUCThSIX PA3HOI0 BO3pacTa
BapuanTt Ha- O0BeM OnrTny. KonnuectBo xjo0- | Conepxanue
BECKa, | BBITSK- IUIOT- poduIoB B BBI- | XJIOPOPWITIOB B
MT KU, MJI HOCTB, P TskKe, Mr/10 M nucte, %
Mononoi
JIUCT

3peiblid TUCT




B o0cy:kneHuu pe3ybTaTOB CPABHUTH COACPIKaHUE MUTMEHTOB (DOTOCHHTE3a B JINCTHSIX
pazHoro Bo3pacTa. OOBSICHUTH KOJMYECTBEHHbIE pa3IUuUsg B COJCPKAHUM IUTMEHTOB.
OTMmeTuTh, KaK 3aBUCUT COJIEp)KaHUME IHMIMEHTOB OT BO3pacTa JIMCTa M €ro JIOHOpPHO-
aKLENTOPHON PYHKIINU, KaKie BHELITHUE (PaKTOPHI BIUAIOT Ha COJIEPKaHUE XJIOPOPHILIOB.

CnenaTp BBIBOJA O BIMSHMM BHYTPEHHUX M BHEIIHUX (DaKTOPOB Ha COJAEp)KaHHE
XJIOPO(MUIIIOB B JIUCTHSAX.

3AJIAHME 2. Pa3aeneHyrie TUTMEHTOB METO10M OyMa)kHOM XpomaTorpahuu

Xoa padoThl. BBITSKKM MUTMEHTOB, IPUTOTOBJIEHHBIE B NPEAbIAYIIEH paboTe NEPEIUTh
B OIOKCBHI ¥ IOTPY3UTh B HUX MOJOCKU (MIIBTPOBAIbHOM Oymaru. Yepes HEKOTOpoe BpeMmsl, Korjaa
BBITSDKKA TOJHHUMETCs mo Oymare Ha 1-1,5 cm, momcymuTs Oymary Ha BO3AyXe M CHOBA
IIOTPY3HUTH €€ B PACTBOP IIUIMEHTOB B TEUCHUE HECKOJIBKUX CEKYHJI. DTy OIEpalUi0 IOBTOPUTH
5-7 pa3 10 Tex IMOp, NOKa y BEPXHEH I'paHUIlbl PaclpoOCTPaHEHHUs] MUIMEHTOB HE 00pasyercs
TEMHO-3€JIeHON 1oJiockl. [lociie 3Toro norpy3uTh KOHUMK OyMa)kKHOM MOJOCKM Ha HECKOJIBKUX
CeKyHJI B YHUCTBI pPacTBOPUTENb (CIHPT), YTOOBI BCE MUTMEHTHI MOAHIMCH Ha 1-1,5 cwm.
BricymMB MOJIOCKY A0 IOJHOIO MCYE3HOBEHMS 3alaxa pAacTBOPUTENSA, IIOMECTUTb €€ B
BEPTUKAJIBHOM IOJIOXKEHUHM B CTEKJISHHBIA LMIUHAP, HA JTHO KOTOPOrO HAJIUT aBHUALMOHHBIN
6eH3uH. [lonocky HYKHO OIYCTUTbH TaK, YTOOBI B IaHHBIN PACTBOPUTEIIb ObLI MOIPY’KEH TOIBKO
HEOKpAILICHHBIH KOHEll, U OHAa HE Kacajachb CTEHOK cocyla. B cBsA3M ¢ TeM, YTO IUIMEHTHI
paspylIaloTCs Ha CBETY, pa3/ielieHue cileqyeT NpoBOUTh pu ciabom ocBemenuu. Yepes 10-15
MUH pacTBOpUTENb NOJHUMETC Ha 10-12 cM, Ipu 3TOM NUTMEHTHI PacIoJIOKaTCs B CIEAYIOIIEM
nopsiike: BHU3Y xjopodmmt b, Hag HuM xmopodwmiut a, 3aTeM KCaHTOGH/UIBI U BBILIE BCEX
KapOTHHBI.

Pe3ysabTaThl: BBICYIINTH XpOMAaTOrPaMMy, BKJIEUTh B J1a0OpaTOpHYyIO TeTpaib U
0003HaYUTh YUYaCTKH, HA KOTOPBIX aICOPOMPOBAHBI Pa3HbIE TUTMEHTHI.

Jlia cocTaBieHMs 00CYKIeHHUH Pe3yJbTaTOB U BBIBOJAOB OTBETUTH HA BONPOCHL. B uem
CYILIHOCTh MeTo/a OymakHoi xpomaTorpaduu? 1o kakoMy NPUHIUITY IPOUCXOIUT pa3zesieHue
(OTOCHUHTETUYECKMX MUIMEHTOB?

Tema 19: KUHTEHCUBHOCTb ®OTOCHUHTE3A»
Henab: u3yunTh 3aBUCUMOCTh WHTEHCHUBHOCTH (POTOCHHTE3a OT BO3pacTa JIMCTA;
BBISICHUTH YCIIOBHSI, HEOOXOANMBIE JIsl MPOTEKaHus mpoliecca HOTOCHUHTE3A.

3AJIAHUE 1. Onpenenenrie UHTEHCUBHOCTU (DOTOCHHTE3a METOIOM aCCUMUIISIIIMOHHOM KOJIObI
(mo JI.A. UBanosy u H.JI. KoccoBuu)

Xoa padotbl. Tpu k006! (0JJHA KOHTPOJIbHAS U JIBE OIMBITHBIC), BBIIEPKATH OTKPHITHIMU
B OJIMHAKOBBIX YCJIOBHsIX 20 MUH. JJIs 3aMIOJTHEHHS BO3IyXOM. 3aT€M OJTHOBPEMEHHO3aKPBITh HX
pe3nHOBbIMU TTpoOkamu Ne 1.

Cpes3ath /1Ba JHMCTa KOMHATHOTO PAcTeHHs] pa3HOro Bo3pacTa (MOJOIOM pacTymiuid u
3pesblii, 3aKOHYMBIIUI POCT), 0OHOBUTH OPUTBOM Cpe3bl MO BOJAON U TIOCTABUTH B MPOOUPKH C
KUIISTYEHOW BOJIOH, yKpersieHHble Ha mpoOkax Ne2. beictpo 3amenuTs npoOku Nel Ha mpoOxu
Ne2 ¢ yacTsMu pacTeHMil B OIBITHBIX KOJ0aX, KOHTPOJBHYIO KOJIOY TakXe MPUOTKPHITh Ha
HECKOJBKO CeKyHA. Brimepkare kom0l Ha cBety 20 muH. Bo Bpems ombiTa HEoOX0aMMO
CJIeIUTH, 4TOOBI TEMITEpaTypa BO3yXa HE U3MEHSIIACH.

ITo oxkoHYaHWH OTBITA U3BJIEYB U3 OMBITHBIX KOJO JIUCTHSI, OBICTPO 3aKPBITh UX MTPOOKAMH
Nel, koHTpONIBHYIO KOJIOY BHOBH MPUOTKPBITH HA HECKOIBKO CeKyHA. HamuTh Bo Bce KOMOBI MO
20 Mz 0,025 1 pactBopa Ba(OH)2, no 2-3 kamnu ¢enondranerna, ObICTPO 3aKPbITh U B TEUECHUE
20 MMH. TNepHOAMYECKM B30aNThIBaTh coaepkuMoe Bcex Konb. Ilocme sToro BpemeHu
MPOTUTPOBATh PacTBOpbl B Kombax 0,025 H CONMSHON KHUCIOTOW 10 WCYE3HOBEHHS PO30BOTO
OKpaIlIBaHUS.

OnpenenuTp MI0MAAb JIUCTHEB B KAXJIOM BAPUAHTE C MOMOUIBIO BECOBOro Meronaa. s
ATOr0 B3BECUTh KBaJpaT MUJUIMMETPOBON OymMaru W3BECTHOW IUIOMIA[IM, HAJOXKHUTh Ha 3TOT




KBaJIpaT MCCIIEAYEMBI JTUCT, OOBECTH KapaHAIIOM JIMCTOBYIO TUIACTUHKY, BBIPE3aTh U B3BECHUTH
HOJTyYeHHYI0 OyMakHYI0 Gurypy. [lnomaas JincTa BEIMUCINTS 10 mponopiuu a/b =c¢/s, rue a —
Macca KBajpaTta, b - macca OymakHoOU (GUTypbI, C — IUIOLIA/Ih KBaAPaTa, S - TUIONIA]b JHCTA.
Pe3yabTaThl 3anucarh B Tabauiy 14.
NuTtencuBHoCTh hoTocuHTe3a g BEIYHCIUTE IO hopMyIie:
lp = (A-B) - 0,55 -60/s - t,
rae A — xommuectBo ma HCI, nomemmx Ha TutpoBanue pactBopa Ba(OH), B ombiTHOM KONOE,
B — xonuuectBo M HCI, momeamux Ha tutpoBanue pacrBopa Ba(OH)2 B KOHTPOJIBHOI KOJIOE;
0,55 — konmuuectBo Mr CO2, cootBercTByMotee 1 Mt 0,025 1 HCI, s — mommaas tuctbes, M2t —
sKcno3unus, MuH; 60 — k03P PUIMEHT epeBoja MUHYT B Yachl.

Tabnuua 14
HN3MeHeHNe MHTEHCHBHOCTH (pOTOCHHTE3A JIMCTHEB PA3HOr0 BO3pacTa
Bapu- Bpewmst [To- O065- Pacxon HCl,mn Wuten-
aHT Ha- | KO- | JKcmo- | Iajp eM ONBIT | KOHT- CHUBHOCTB(OTOCHH.,
ya- | Hell | 3UIud, JIUCT., Oapu- poJib MI/aM? © g
710 MMH. am? Ta, MII
Moo,
JIACT
3penbiit
JIACT

B o6cy:xaeHun pe3yiabTaTOB CpPaBHUTh HMHTEHCHBHOCTH (DOTOCHMHTE3a B JIMCTHSX
pa3Horo Bo3pacta. Kak u modemMy HM3MEHSETCS WHTEHCHBHOCTh (POTOCHMHTE3a B OHTOIEHE3e
aucra?

Cnenate BBIBOA O BIMSHHMU BO3pPAcTHOTO CTaTyca JIUCTa HAa CKOPOCTh OOpa3oBaHUS
(boTOaCCUMUIIATOB.

Paspnen S. Poct M pasBuTHE pacTeHuit
Tema 20: «<OCOBEHHOCTHU POCTA KJIETOK KOPHSI»

Heab: u3yuyuTh LUTOJIOTHYECKHE OCOOEHHOCTH KIJIETOK KOpHS B 30HAX JEJIEHUS,
pacTsKeHUs M TOTJIOIEHHs (KOPHEBBIX BOJOCKOB); MCCJIENOBAaTh KUHETUKY POCTa B Pa3HBIX
30HaxX KOpHSI.

SAJJAHUE 1. 30HbI KOpHS

Xoa pabotbl. [IpuroTtoBuTh MAaBiIEHBIM MpenapaT KOHYMKAa KOPHS TPEXJIHEBHBIX
IIPOPOCTKOB MIIEHUIBI. J[JI1 3TOr0 MOMECTUTh Ha MPEIMETHOE CTEKJIO B KaIUIIO BOJBI OTPE30K
KopHsi miuHOM 1,5-2 cm, moGaButh kammo 0,02%-HOro pacTBOpa HEUTPaTBLHOTO KPacHOTO,
3aKpBITh MOKPOBHBIM CTEKJIOM M AaKKypaTHO pa3/laBUTh IpenapaT OOJBIIMM ManblieM, He
MOBPEIUB MOKPOBHOE CTEKJIO. PaccMOTpeTh mnpenapaT B MHUKPOCKOIN, HaWTH 30HBI KOPHS:
JIEJIEHNUS, PACTSKEHUS, IOTJIOIEHUS, IPOBeACHUs. V3yuUTh CTpOEHHUE KIETOK Pa3HBIX 30H.

PesyabTaTsl uccienoBanus opopMUTh B BUAE PUCYHKA, HA KOTOPOM OOO3HA4YMUTh BCE
30HBl KOpHSA. B o00cy:kaeHum pe3yabTaToB YyKazaTh (U3UOJOTHMUYECKHE MPOLECChl U
aHATOMHUYECKUE OCOOEHHOCTHU KJIETOK, XapaKTepHbIe [Tl KaK0i 30HbI KOopHs. Crenarh BbIBOI
0 cTeneHu auddepeHIranuy KJIeToK B KaX/ 01 U3 3TUX 30H.

3AZIAHME 2. KuHeTnka pocTa KJIETOK KOPHS

Xox padorsl. lcnonb3ys mpemapaT, NPUTOTOBIEHHBIH B TPEIBLIYIIEM 3aJaHUU,
WU3MEPUTH JJIMHY KIJIETOK B Pa3HbIX 30HAX KOPHS C MOMOIIBIO OKYJIsIp-MUKpomeTpa. s aToro
OKYJISIp MHUKPOCKOIIA 3aMEHUTh Ha OKYJISIP-MUKPOMETpP, COBMECTUTHh M3MEPHUTEIbHYIO JTUHEHKY
OKYJISIp-MHUKpOMETpa U mpenapar (1Mo ero JJINHE), MPOBECTH U3MEPEHUs MATU KIETOK B 30HE
JEJICHUS, PACTSKEHUS U MOTJIOLIEHUS, HAUTU CPEeTHUE BEIMUMHBI JJIs KaXXI0T0 U3MEPEHHUSI.

Ha ocHOBaHMU MONTYYEHHBIX Pe3YJbTATOB MOCTPOUTH TPadUK, OTPAKAIOIINI CKOPOCTh
pocta (M3MEpeHHe JIMHBI KIETOK) B KaXIOW W3ydaeMou 30He KopHs. HadepTuTh cucremy




KOOPJMHAT, TI0 OCH a0CIMCC OTJIOXKUTH TPH 30HBI KOPHS (IETCHUS, PACTSHKEHUS, OTJIOIIEHUS),
II0 OCH OPAMHAT — BEJIMYMHY CPEIHEN JUIMHBI KJIIETOK B KaXKI0U 30HE.

B o00cy:xxpeHum pe3ylnbTaTOB IPOAHAIU3UPOBAaTh CKOPOCTh POCTa KIETOK B 30HE
JEJICHUs, PacTsHKeHUs, noraomenus. Crenats BBIBOJA O XapaKTepe pocTa KIETOK KOPHS.

Tema 21: «POCT OPTAHOB PACTEHH»

Heab: n3ydnth 0COOCHHOCTH POCTa KOPHS, CTEOJIS, JINCTAa PACTCHUN; OCBOUTH METOIBI

M3YYEHHUS MIPOLIECCOB POCTA PACTEHUH.
3AJIAHUE 1. BepxyIie4yuslii pocT KOpHSI

Xoa pa6orbl. BriOpaTh mpopocTok ropoxa (Bo3pacT 3-4 aHs) ¢ HambOojee MPSIMbIM
KOpHEM, OOCYIIUTH €ro (puiIbTpOBabHONW OyMaroil M HaHECTH TYLIbIO TOHKHE METKH IO BCei
JUIMHE KOPHS Ha paccTOsSHUU 1 MM O/iHa OT JpYyroil. 3aTeM MpOpPOCTOK MOMECTUThH BO BIAKHYIO
Kamepy. s Kamephl MOXHO HCIIOJIBb30BaTh MPOOHMPKY, HAa THO KOTOpOHl Hamuth 1-2 mi
JUCTHJTMPOBAHHBIA BOABI M BBUIOKUTH HU3HYTpU (UIbTpoBanbHON Oymaroi. K kopkoBoi
npoOKe MPUKPETHUTH MPOPOCTOK C MOMOINBI0 AHTIIMHCKOW OyJIaBKH Tak, 4TOOBI KOPEIIOK ObLI
HAIpaBlieH BHU3. 3aKPBITh MPOOUPKY MPOOKOH ¢ MPOPOCTKOM, TPUKPEIIUTH STUKETY, TOCTABUTH
BJIOKHYIO KaMepy B TEIUIOe MeCTO. Uepe3 CyTKH U3MEPUTh PACCTOSIHHE MEK/Y METKaMH.

Pe3yabTaThl: 3apucoBaTh MPOPOCTKH C METKaMH B Hauyaje M KOHIIE OMbITa, BBIYUCIUTH
IPUPOCT Pa3HBIX yYacTKOB KOpHsS. B 00cyxkIeHHsAX pe3yJbTaTOB OOBSCHHUTH, MTOYEMY METKH
MaKCHMaJbHO Pa3BUHYIUCH JIUIIb B ONpeAeIeHHON 30He KopHs. Caenars BBIBO O TUIIE POCTa
KOPHSL.

SAJJAHMUE 2. bazanpHblid POCT JIMCTHEB NIICHUIIBI

Xoa pa6orsel. B3saTh 5-7-Mu JHEBHBIE NPOPOCTKU IMIIEHUIIBI, BBIPAIIEHHBIE B COCYJIE C
BJIQ)KHBIMH ONUJIKaMHU. Pa3METUTh TYIIbIO JIMCTHs IPOPOCTKOB I10 BCEH NJIMHE, METKH JIOJIKHBI
HaXOJUTbCSI HAa PAcCTOSHUU 2 MM Jpyr oT apyra. Yepes 2-3 CyToK NHOBTOPHO H3MEPUTH
paccTosIHUE MEXKY METKAMH.

PesyabTaThl: 3apucoBaTh NPOPOCTKH C METKaMH B Hayaje M KOHLIE ONbITa, BBIYUCIUTH
IOPUPOCT pa3HbIX y4acTKOB JIMCTA. B o0cyskaeHusX pe3y/abTaToB OOBSICHUTH, IOYEMY METKU
MaKCHMaJbHO Pa3/IBUHYJINCH JIMIIb B ONpE/IeIeHHON 30He aucTa. CaenaTh BBIBOJ O THUIIE pOCTa
JIUCTBEB 3J1AKOBBIX PACTEHHI.

3AJIAHUE 3. Bepxyiiteunslii pocT cTe0Is

Xoa paborbl. B3aTh mpopocTKM oOrypua Wi Tropoxa, BbIpallleHHble B COCyJe ¢
BJIOKHBIMHU OMHJIKaMH. Ha moaceMs01pHOM KOJIeHe HAaHECTH METKM Ha PACcCTOSTHUW 2 MM OJIHA
oT apyroi. IloctaBuTh cocya C pacTeHHsIMM B TeEIJO€ OCBEIleHHoe MecTo. YUepe3 cyTku
U3MEPUTH PACCTOSTHUE MEXTy METKAMH.

Pe3yabTaTshl: 3aprcoBaTh MPOPOCTKH ¢ METKAaMH B Hadajle M KOHIE OIbITAa, BHIYUCIUTH
MPUPOCT Pa3HBIX YYaCTKOB cTeOIs (MOACEMSIIONBHOIO KoyieHa). B o0cyskaeHusAX pe3ybTaToB
OOBSICHUTB, TOYEMY METKH MaKCHMAJIbHO Pa3/IBUHYJIHCH JIMIIb B OMPEAETICHHON 30HE CTeOIs.
CnenaTth BBIBOJI O THIIE pOCTa CTEOJIEH.

Tema 22: «POCTOBBIE IBUKEHUS PACTEHU»

Heab: M3yuuTh MEXaHU3Mbl M HPUCHOCOOUTENHHOE 3HAUEHHE POCTOBBIX JIBUKECHUH
pacTeHui (TpPONM3MOB M HACTWI); BBISICHUTH BIUSHUE (AKTOPOB OKpY’Kaolled Cpeasl Ha
JBUKEHHE PACTUTEIbHBIX OPTaHNU3MOB.

SATAHUE 1. ®ororponusm

Xoa padorbl. OcMOTpPETh MPOPOCTKHU (KOJIEONTUIIN) MIIEHUIIBI, BbIpAllleHHbIE B COCYE,
U yIaJuTh W30THYThIe pacTeHus. HaHecTw Ha OJHY CTOpPOHY MPOPOCTKOB METKM TYILIBIO Ha
paccrosHun 1 MM gpyr or gpyra. Ha BepxXymKky OJHOrO TIpOpPOCTKAa HajAeTh
CBETOHENPOHULIAEMBIN KOIMAa4oK (JUIsl IPUTOTOBICHMs KoJauka OOEpHYTh KycodeK (OJIbIU
MIUPUHOHN 1 CM BOKPYT CITMYKH U CKPYTUTH CBEpXY). CHaOIUTh COCYA ¢ MPOPOCTKAMU STHUKETKOM
U TIOMECTUTh €r0 B (JOTOTPONUYECKYIO KaMepy TaK, YTOObI HAHECEHHbIE Ha KOJIEONTHUIM METKU




OKa3aJICh HA 3aTEHEHHOW cTOpoHE. Uepe3 CyTKH pacCMOTPETh MPOPOCTKH, OOpAaTUB BHUMAaHUE
Ha PacoJI0’KEHUE METOK.

Pe3yabTaThl 0hOpMUTH B BHJIE PUCYHKOB. B 00CY:KIe€HMHM pPE3yJIbTaTOB OOBSICHHUTH
MeXaHu3M (OTOTPONH3Ma, OTMETUTh 30HY (OTOTPOMHYECKOrOo u3ruba, yka3aTb MECTO
BOCTIPUATHS OJTHOCTOPOHHETO ocBemieHus. Crenats BBIBOA O 3HAYCHUU (OTOTPONMUYCCKHX
U3ruO0B OPraHOB B KU3HU PACTEHUH.

SAJAHUE 2. 'eotponuszm

Xoa pa6orbl. OGEpHYTH MPEAMETHOE CTEKIIO (GUILTPOBAIBHONM OyMaroi, CMOUYUTh BOJIOM
U pa3NioKUTh HAa HEW ellBa HAKIIOHYBIIMECS CEMEHa JibHA TaK, 4TOOBl MpopacTarolui
3apOJIbIIIEBbIM KOPEIIOK ObUT HAanpaBiieH BBEpX. [loMeCTUTh MpeaMeTHOE CTEKIIO C CeMEHaMU B
cJerka HaKJIOHHOM TOJIOKEHUHU B CTaKaH, HA JHO KOTOPOTO HAJIUTO HEMHOro Bojabl. CHaOIUTH
CTaKkaH JTHUKETKOW, 3aKphIThb €ro CTEKJIOM M IOCTaBUTh B TeMHOe MecTto. Yepe3 3-4 nus
pPaccMOTpPETh MNPOPOCTKH, HAWUTHU TEOTPONUYECKYIO «IETII0» (M3rud KOpHS IMOJ BIUSHUEM
TrpaBUTAIUN).

Pe3yabTaThl 0QOpMUTH B BHJIE PUCYHKOB. B 00CYy:KIeHMM pPE3yJIbTaTOB OOBSICHHUTH
MEXaHHU3M Te0TPONH3Ma, OTMETHTh 30HY I€OTPONHUYECKOTr0 M3rubda, ykazaTh MECTO BOCIIPUSATHUS
JEeHUCTBUSI 3eMHOTO TpUTsDKeHHs. Chenarb BBIBOA O 3HAUYEHUHM TE€OTPONMUYECKUX H3rHOOB
OpTraHoOB B U3HU PACTEHUM.

3AJJAHMUE 3. XeMoTponusm KOpHENR

Xox pa6orpl. B3are wyamky Iletpu, 3anmolHEHHYIO 10 TOJOBUHBI 3aCTBIBIIMM
JKEJIaTHHOM, B KOTOPOM clefiaHbl TpU JIyHKH. C MOMOIIBIO MHUMIETKH HAJIUTh B OJHY JIYHKY
JTMCTHIUIMPOBAHHYIO BOIY, B Ipyryto — 2%-ubiii pactBop (NH4)2SOs4, B TpeThio — 2,5%-HbIii
pactBop NaCl. IIpukpenuTh HANPOTHUB KaXJOW JYHKH OSTHUKETKH C COOTBETCTBYIOIUMH
HagnucsaMu. C MOMOUIBIO MUHIIETA IOMECTUTD [0 OJJHOMY MPOPOCTKY TOpoXa psAIOM C Kaxaou
JYHKOM Tak, 4TOOBI KOPEUIOK OBbUI HAMpaBlieH B CTOPOHY JKUAKOCTH. 3aKpbITh yamiky llerpu
KPBIIIKON M MOCTaBUTh B TeMHOE MecTo. YUepe3 3-4 AHS yCTaHOBUTH, KaK PacTyT KOPHHU MOJ
BIIMSIHUEM M3y4aeMbIX BEIICCTB.

Pe3yabTaThl 0hOpMUTH B BHJIE PUCYHKOB. B 00cCy:KaeHMM pe3ynbTaTOB OOBICHHUTH
MEXaHU3M XEMOTpPOIHM3Ma, OTMETHTh 30HY XeMOoTpomudeckoro usruba. CrenaTh BBIBOA O
3HAYEHUH XEMOTPOIHU3MOB OPraHOB B )KM3HU PACTEHUM.

3AJJAHMUE 4. Hactuueckue U3rn0Obl YEPEIIKOB JIUCTHEB 1101 AEHCTBUEM
UHIOIMIYKCYcHOU KucaoTel (MYK)

Xoa paGorel. Ha mobGere KoMHATHOro pacTeHMs BbIOpaTh JBa JIMCTA M HU3MEPUTH
TPAHCTIOPTUPOM YIJIBl OTXOXKIACHHUSI YEpEIIKOB JHUCTheB OT crTebna. HanecTu CTEKISIHHON
NajJ04KoW JIaHONMHOBYIO mnacty MYK Ha HMKHIOIO CTOpOHY 4epenika OJHOIO JIMCTa M Ha
BEPXHIOK CTOPOHY uepelika Apyroro yiucra. Yepe3 1 4. CHOBA U3MEPUTH YIJIbI OTXOXKIACHUS
nucTheB. Yepes 2 nHSA caenaTh ene 0AHO U3MEPEHUE.

Pe3yabTaTsl 0opopMHUTh B BHAEC PUCYHKOB B Hauyaye OMbITAa U B KOHIIE, HA OCHOBAaHUU
MOJTYYCHHBIX JAHHBIX 3aMOJIHUTH TaOnuIly 18, BBIUMCIWB, Ha CKOJIBKO TPaAyCOB W3MEHUIIUCH
YIJIbI OTXOKIEHUS JINCTHEB (YBETHUYECHUE 0003HAYUTH 3HAKOM «+», YMEHBIIIEHUE — 3HAKOM «-»).

Tabmuma 18
Baunsinne YK Ha yroJ oTxoskaeHus JIMCTA OT cTe0JIs1
Pac- CropoHna Yron oTx0oXkAeHHS JIucTa OT cTedIs, ° N3menenue
Te- Yepelka, 710 00paboTKH nocJse 00paboTku yrJa ot-
Hue | obpaborannas UYK XOXKJICHUS
JHCTa, °©
Hwoxnss
Bepxusis

B o06cyxneHun pe3ynbTaToB OOBSICHUTh MEXAHH3MBI U 3HAYCHHE SIU- W THUIIOHACTHH.
CrenaTtpe BbIBOJ O IPUYMHAX AU~ U TUITIOHACTUYECKUX JIBHKEHUIN YEPEIIKOB.

TEMA 23: «IIOJIAPHOCTH PACTEHUM U AITMKAJIbHOE JIOMUHUPOBAHUE»



Hesab: W3y4nuTh CIOCOOHOCTH BETETATUBHBIX OPraHOB, OTAEJICHHBIX OT MAaTEPHHCKOTO
pacTeHusl, K BOCCTAHOBJIEHUIO YTPau€HHbIX 4acTeil; uccie10BaTh BIMSIHNE BHEIIHUX YCIOBUHM U
BHYTPEHHUX PETYIUPYIOMUX (PaKTOPOB Ha MPOLIECC pEreHepaIlul Y paCTeHUH.

3AJIAHUE 1. IlongapHOCTb YEPEHKOB

Xoa pa6Gorbl. [IpUroToBUTH BIAXKHYIO Kamepy, [UIsl YEro BBUIOKHUTb HW3HYTPHU
CTCKJISTHHYI0 OaHKy BJIQKHOW (PHIBTPOBaIbHOW OyMaroil W HAJIWTh HAa JHO HEMHOTO BOJIBI
Bripesats 13 mobera Tomosis Tpy OAMHAKOBBIX YE€PEHKA, UIMHA KOTOPBIX J0JKHA ObITh Ha 5-6 cM
KOpouYe BBICOTHl OaHKH. Y OJHOTO YEpeHKa CHATh B CpEIHEH YacTH KOJIBLO KOpHI (10
JIpeBecuHbl) mMUpUHON okojio 1 cMm. IlogBecuTh YepeHKH ¢ MOMOIIbI0 HUTOK K KPBILIKE Tak,
4TOOBI /1B YEPEHKA, B TOM UYHMCIIC OKOJIBIIOBAHHBIM, HAXOJWINCh B HOPMAIHHOM ITOJIOKEHUH,
Tpetuil — B nepeBepHyToM. Omnyckas YepeHKU B OaHKY CIEAMTH 32 TeM, YTOObI MX KOHIIBI HE
KacaJIuCh BOJBL. KpBIMIKY 3aKpbhITh HE IUIOTHO, YTOOBI OOECHEYUTH JOCTYN KHCIOpoJa K
yepeHkaM. [locTaBuTh 0aHKy ¢ YepeHKaMH B TEMHOE MECTO U BpeMs OT BpEeMEHH, IO Mepe
UCHapeHus Bojbl, MojuMBaTh ee. Yepes 2-3 Hemenu MOXKHO HaOmogaTe oOpa3oBaHHE Ha
YepeHKax Kajloca, IpUIaTOYHBIX KOPHEH, MOJIOABIX MTOOETOB.

Pe3ysbTaThl 0pOpMUTH B BUJIE PHCYHKOB.

B o0cy:xneHnupe3yabTaTOB OTPa3UTh MEXAaHU3MBI PEreHEpallMd U TMOJIAPHOCTU Y
pacteHuii, OObSICHUTh BO3HUKHOBEHHE KAJUTIOCA HA PA3HBIX YACTAX YEPEHKOB B 3aBUCUMOCTHU OT
BapHaHTa OMbITA.

CraenaTh BHIBOJ O 3HAUCHHUH MOJISIPHOCTHU B J)KU3HU PACTCHUH.

TEMA 24: «PETEHEPALIUS YEPEHKOB»
Iesab: M3y4nuTh CHOCOOHOCTH BETETATUBHBIX OPraHOB, OTAEJIEHHBIX OT MAaT€pPHUHCKOIO
pacTeHusl, K BOCCTAHOBJICHUIO YTPAUYE€HHBIX YacTel; UCCIEI0BaTh BIUSHNUE BHEIIHUX YCIOBUH U
BHYTPEHHUX PETYIUPYIOIUX (JaKTOPOB Ha MPOLIECC pEereHepalu y pacTeHUH.

S3AJTAHME 1. 3HaueHue JUCTLEB JUIsL YKOPEHEHHS YePEHKOB (1o Pyre)

Xoa pa6orsl. Cpe3aTh TpU OJUHAKOBBIX YepEHKA KOMHATHOTO PACTEHHS C 5-6 JIUCTHSIMHU.
VYV oaHOrO YepeHKa yJanuTh BCE JUCThS, Y BTOPOTO — OCTABUTH JBA BEPXHUX JIUCTA, Y TPETHETO —
OCTaBUTH Bce NUCThA. [loCTaBUTH YepEeHKH B CTaKaH C BOJOMPOBOJHON BOJOM M BHICTABUTH Ha
CBeT (CTakaH MpeABApUTENHHO CHAOAWTH THUKETKOM). YUepe3 1 Hememo OCMOTPETh UYEpeHKH,
MPOHAOII01aTh MOSBJIEHUE TPUAATOYHBIX KOPHEH.

Pe3yabTaThbl 0)OPMUTH B BI/I€ PUCYHKOB.

B o0cy:xneHunpe3yabTaToB CpaBHUTh CKOPOCTb pH30T€HE3a B 3aBHUCHMOCTH OT
KOJIMYECTBA JIMCTHEB HA YEPEHKaX, OOBSICHUTH (PU3UOIOTUYECKHUE MEXAHH3MBbI TMOTYyYECHHBIX
pa3IN4YHil.

Cnenath BbIBOJ O 3HAYSCHUH JTUCTHEB JJIs TIpoliecca 00pa3oBaHUs MPUIATOYHBIX KOPHEH.

SAJJAHUE 2. Bnusnue MYK Ha yKOpeHEHUE YEPEHKOB

Xoa pabotbl. B3arh n1Ba QasHCOBBIX cTakaHa (MM CTEKJISHHBIX, OOEPHYTHIX YEpHOM
Oymaroif), HATUTh B OJJUH M3 HUX BOJOMPOBOJHYIO BOJY Ha BBICOTY 4-5 CM, B JPYroil — pacTBOp
NYK xonnentpanuu 70 mr/i, crakaHbl CHAaOJWTHh COOTBETCTBYIOIIMMH dTHKEeTKamMu. Cpes3aTh
JIe3BUEM YEThIpE OJMHAKOBBIX MpopocTka ¢aconu BeicoToi 10-15 cMm (y kopHEBoO# 1mielikn). J[Ba
YyepeHKa MOCTaBUTh B CTAKaH C BOAOIPOBOAHON BOJOW (KOHTPOJIB), ABa JPyrHe — B CTaKaH C
pactBopom MVYK (Ha 1,5 4.), mocie yero mepeHecTd 3TH YEPEHKU B CTaKaH C BOJOIPOBOIHON
BoZoM. OCTaBUTh YEPEHKHM HA CBETY IPH KOMHATHOW TeMmriieparype. Uepes Henmenro, Koraa Ha
CTeONAX MOSABATCA MPUAATOYHBIE KOPHHU, M3MEPUTh JJIMHY 30HBI pU30reHe3a M IOACYMTATh
KOJIMYECTBO NPUAATOYHBIX KOPHEW HA KAXKIOM YEPEHKE.

Pe3yabTaThl 0OPMUTH B BUJIE PUCYHKOB.

B oOcyxaenunpe3yJbTaToB OTMETUTH MexaHu3Mbl BiausHuss WYK Ha mnpomecc
pu3oreHesa.




Caenats BbIBOA 0 3HaueHn YK 115t popMupoBaHust KOPHEBOM CUCTEMBI.

Tema 25: «BIUAHUE ®UTOI'OPMOHOB HA ITPOPACTAHUE CEMSH»

Ienp: U3y4nTh 3aBUCUMOCTD CKOPOCTH IMPOPACTAaHUSA CEMSIH U POCTa KOPHEH ITPOPOCTKOB
OT KOHLIEHTPALIUU IK30I€HHOI'O T€TEPOAyKCHHA.

SAJTAHUE 1. Biiusaue rerepoaykcuHa Ha pOCT KOPHEH B 3aBUCUMOCTH OT €r0 KOHLEHTpAlluu

Xoa padorbl. Boutoxuts 5 yamek [letpu ¢unsrpoBanbHON Oymaroid, ¥ CMOYHUTH UX 9
MJI BOJBI WJIM PacTBOpa reTepoayKCHHa I10 CIEAYIOIEN CXEME.

1. BognomnpoBoaHas Boaa;

2. PactBop rerepoaykcuna 0,01 %;

3. PactBop rerepoaykcuna 0,001 %;

4. PactBop rerepoaykcuna 0,0001 %;

5. PactBop rerepoaykcuna 0,00001 %.

PactBops! roToBAT Tak: 1 Ma ocHOBHOro pactBopa rerepoaykcuna (0,01%) HamuTh B MEpHYIO
npoOupky u [100aBUTh 9 MIJI JUCTWIUIMPOBAHHOM BOJBI, pacTBOp Iepememarb. 9 wmi
nosrydeHHoro 0,001%-noro pacrsopa Hanuth B yamky Ne 3, a k ocraBmemycs 1 mu 0,001%-
HOTO pacTBOpa 100aBUTH emle 9 MIT AUCTHILTMPOBAHHON BOBI, IEPEMEIIATh, MOJIYYHIICS PACTBOP
rerepoaykcuHa konnentpauueit 0,0001 u t.1.

B kaxnyro wamky Iletpu ¢ BOmoi minm pacTBOpaMH Ie€TEpOAayKCHHA ITOMECTUThH IO 15
CeMsIH NIIEHUIbl, YallKU CHAOAUTh 3TUKETKAMH, 3aKpbIThb M IOCTaBUTb B TEMHOE MECTO.
ExenneBHO HaOMrONaTh 3a XOJIOM IpOpacTaHWsi, Ha 7-W JE€Hb W3MEPUTH UIMHY KOpPHEH u
OTMETHUTb OCOOEHHOCTH MPOPACTaHUsI CEMSH BO BCEX BapUaHTAX.

PesyabraThl: 3anucarth CpeAHIO BEJIWYUHY JJIMHBI KOPHEH IS KaKJOro BapHaHTa,
YCTaHOBUTH, KAKUE KOHLEHTPALMU IETEPOAYKCHUHA 3aE€P)KUBAIOT, @ KAKME CTUMYJIMPYIOT POCT
KOpHEH, HaUTU ONTUMAJIbHYI0 KOHIICHTPALMIO T'eTEpOayKCUHA Ul POCTa KOPHEW NUICHUIBL. B
o0Cy’KIeHNH Ppe3yJbTaTOB OTMETUTh (usnonornyeckue 3((eKkTbl ayKCHHOB, YKa3aTh
MEXaHM3MBbl CTUMYJISILMK pu3oreHesa. CrenaTh BBIBOJA O 3HAUEHUM AayKCHMHOB JJIS Ipoliecca
poCTa KOpHEHN.

Pa3nea 6. YcroiiunBocTh pacTeHui
Tema 26: «<MOPO30YCTOMYNBOCTb PACTEHUIN»

Heab: u3yunuTh CHOCOOHOCTH PACTEHUN TIEPEHOCUTh HHU3KHUE TMOJIOKUTEIBHBIE |
OTPULIATENIbHBIE TEMIIEpaTypbl, HCCIEIOBATh MEXAHW3M 3alIMTHOIO BIMSHHUS CaxapoB Ha
IUATOIUIa3My PACTUTEIbHBIX KIIETOK.

3AJTAHUE 1. Biiusane caxapo3bl HAa MOPO30YCTOHYMBOCTb PACTUTEIbHBIX KIETOK

Xoa padoTsl. Beipe3aTs u3 cBexero (TypropecieHTHOr0) KOPHEII0Aa KPacHON CBEKJIbI
TUTACTUHKY TOJIIMHONW OKOJO 5 MM, paszenuTh ee Ha 3 Opycodka pazMepamu 5 X 5 x 30 mm.
[Tomectuts ux B (aphopoByr0 YalKy M TIHIATEILHO MPOMBITH BOJOMPOBOJHON BOJOW 110
MOJIHOTO YJAJeHHUs] KJIETOYHOIO0 COKa, BBITEKLIEro M3 MOBPEXKICHHBIX KIETOK. IlepeHectu mo
OJTHOMY OpYCOYKY B 3 MpOOMPKHU C ITHKETKamMH. B mepByro mpoOUpKYy HaIWUTh Ha Y4 BOJBI, BO
BTOpYI0 — croibko ke 0,5 M pactBopa caxapo3bl, B TpeTbl0 — CTOJIbKO k€ 1 M pactBopa
caxapo3bl. [IpUroToBUTH OXJIAUTEIIBHYIO CMECh: K TPEM YaCTSIM CHEra WiW TOJYEHOIO JbJa
n00aBUTh OJIHY YacTh MOBAapeHHOW coiu (10 00beMy), TIIATEIBHO MEepeMeliaTh IMIMAaTeIeM.
[IpoBeputh TEMIIEPATYPY CMECH, KOTOpast TOJKHA OBITH 0koJ10 -20° C. Tlorpy3uts Bce mpoOupKu
B OXJIATUTEIBbHYIO cMech Ha 15-20 MUH., TIOCTe Yero MEpeHecTH MPOOUPKU B CTaKaH C BOJOU
KOMHATHOM TEMIIEPATYPHI.

[Tocme moMHOTO OTTAaMBaHUS OTMETUTh OKPACKy JKUAKOCTH B MPOOHMPKAX U OKPACKY
OpyCOYKOB W3 KOpHEIUIOJA CBEKJIBL. [IpoBEepUTH JKHU3HECTIOCOOHOCTH KIIETOK, IJISi Yero
MPUTOTOBUTH U3 OPYCOUYKOB TOHKHE CPEe3bl, TOMECTUTh WX Ha MpeaMETHBIE CTeKa B Karuu 8§ %-
Horo (rumeproruueckoro) pactsopa NaCl u 3akpeiTh mOKpoBHBIMH cTekinamu. Yepe3 20 MuH.
paccMOTpPeTb B MHKPOCKON M TMOJCYUTATh MPOIEHT IUIa3MOJIU3UPOBAHHBIX KJIETOK B IIOJIE
3penus. Pe3yabTaThl 3anucaTh B Tabmiy 19.

Tabnuua 19



Bausinue caxapo3bl Ha YCTONYMBOCTD KJIETOK KOPHEII0AA CBEKJIbI K BO3/1eliCTBUIO
OTPHIATEIbHBIX TEMIIEPATYP

BapuanTt onbiTa Okpacka Okpacka KonnuectBo TJ1a3MOJIH-
Hapy>KHOI0 OpyCcOYKOB 3UpPOBaHHBIX KJIETOK, %0
pacTBopa

Bona

Caxapoza 0,5 M

Caxapoza | M

B o6cyxnenun pe3yjbTaToB OOBSICHUTH Pa3INyuus MEXAy BapHaHTaMU OIbITa, OTMETUB
MEXaHU3M 3alIUTHOTO BIUSHUSA Caxapo3bl HAa KJIETKU MPU BIMSHUU OTPULIATEIbHBIX TEMIIEPaTYpP.
Crenatb BBIBOJ O 3HAUEHUU caxapas3bl KaK KPUOMPOTEKTOPA.

Tema 27: <XKAPOCTOUKOCTbH PACTEHUI»

Heab: u3yYUTh CHOCOOHOCTh KOMHATHBIX PACTEHHM TEPEHOCUTH TOBBIIIEHHBIE
TEeMIEPaTypHhI.

SAJJIAHUE 1. Onpenenenue >kapoCTOUKOCTH PaCTEHUN
(o ®.P. Mankosy)

Xona pa6orbl. Harpers BomsHyto Oanto no 40° C, morpy3uTh B Hee 1O S5 JIMCTHEB
HCCIIEyeMOT0 KOMHATHOTO pAacTeHHsl W BBIAEpXKaTh JIUCThA B Boje B TeueHwe 30 MuH.,
nojazepxkuBas temneparypy Ha yposHe 40° C. 3aTteM B34Th NEpBYIO NPOOY: BEIHYTH OJIMH JIUCT U
MOMECTUTH ero B Haiky [leTpu ¢ xomoaHo# BoAo# (yalika JOHKHA UMETh dTHUKETKY). [logHaATh
TeMIiepatypy B BojsiHOM Oane 10 50° C, uepe3 10 MUH. 1TOCII€ 3TOTO U3BJICYb U3 OAHU €IIe OIUH
JIUCT U MEPEHECTH €ro B HOBYIO YAIlIKy C XOJIOAHOM Bojoi. [locTeneHHO T0BECTH TeMIeparypy
1o 80° C, 6eps mpoOsl uepe3 kaxable 10 MUH. IpU NOBBILIEHUH TeMIiepaTypsl Ha 10°. 3aMeHuTh
Boay B yamkax 0,2 H pactBopoM HCI u yepe3 20 MHUH. y4ecTb CTETIEHb MOBPEKICHHUS JHCTA TIO
KOJIMYECTBY MOSBUBIINXCS OYPHIX MSATEH.

Pe3yabTaTsl uccnenoBanuii 3anectu B Tabauiy 20, 0003HAUYUB OTCYTCTBUE MOOYpeHUs
3HAKOM «-», cjaboe moOypeHue — «+», moOypeHue Oonee 50 % momamu Jgucta — «++»,
CIUIOIIHOE OOYpeHue — «+++».

Tabmuma 20
Biansinne NoBBIICHHBIX TEMIIEPATYP HA CTENEHb NOBPEKICHHUS JHCTHEB
Pacrenue CreneHb NOBpeXI€HUS JTUCThEB IpH t°, C
40 50 60 70 80

B o0cyxneHun pe3yiabTaTOB CpaBHUTH CTENEHb MOBPEXKJEHUS TKaHEH JKcTa IpU
pasHBIX TeMIlepaTypax, yKa3aTb MEXaHHU3Mbl MOBPEKIAIOIIEr0 BO3ACUCTBUS  BBICOKUX
TeMIeparyp.

Crnenatp BBIBOJ O CTEIIEHH KaPOCTOMKOCTH MCCIEA0OBAHHOTO PACTEHUS.

SAJJAHUE 2. OnpeaencHue TeMIESPaTyYPHOro IIOpora KoaryJsiyupl MUTomIa3Mel (mo I1.A.
I'enkenio)

Xoa pa6orel. [IpuroroButs 12 cpe3oB 3nuAEpMBbI JUCTA HCCIEIYEMOTO KOMHATHOTO
pacTeHusl ¥ TIOMECTUTH T10 JIBa Cpe3a B MPOOUPKH, B KOTOPHIE HAIUTO 1O 2 MJT BOJOIIPOBOIHOMN
BOJBL. [IpUrOTOBUTE B MIECTH XMMHUUYECKUX CTakaHaX BOJSHBIC OaHU ¢ Temmeparypoit 48, 50, 52,
54, 56 u 58° C (crakanbl cCHaOJUTH 3TUKETKaMH). OJHOBPEMEHHO MOTPY3UTh B BOJASHBIE OaHU
OPOOUPKH CO Cpe3aMu, TMOJACPKHBAs YCTAHOBJICHHYIO TEMIIEpaTypy IIyTEM OCTOPOIKHOTO
MO/JIMBAHMS B CTaKaHBI TOpsiueit Boabl. Uepes 10 MuH. U3BIEYH CPe3bl KUCTOUYKOW M3 MPOOUPOK
U MepeHecTd Ha npeameTHbie ctekiia. Oxpacuth cpesbl 0,02%-HbIM pacTBOPOM HEUTPATBLHOTO
KpacHOrO B TeueHHe S5 MuH. 3areM yOpaTh OCTaTKHM pPacTBOpa KpPACHUTENS C ITOMOIIBIO
bunbTpoBaNILHON Oymaru, HaHeCTH Ha cpe3bl Mo kKamie 1 M pacTBopa caxaposbl, 3aKpHITh
MMOKPOBHBIM CTEKJIOM M uepe3 10 MUH. pacCMOTPETh B MUKPOCKOIIL.




3anecTy pe3yJbTaThl B Tabnuily 21, 0003HAYUB Ia3MOIIU3 3HAKOM «+» U 3HAKOM «-)»
OTCYTCTBHE I1JIa3MOJIN3a Y OOJIBIIUHCTBA KIETOK.

B o0cyxkaennu pe3yjbTaToB CPaBHUTH CTENEHb IJIA3MOJU3a KJIETOK SIMUJEPMBI TIPHU
pa3HbIX Temmeparypax. OOBICHUTh MNPUYUHBI TUOENU KIETOK TI0J BIMSHUEM BBICOKHX
TEMIIEPATYDP.

Tabmuua 21
BiinsiHue NOBBILIEHHBIX TEMIIEPATYP HA MJIa3MOJIU3 KJIETOK MHIePMbI
Pacre-nue ITnasmonus nipu t°, C
48 50 52 54 56 58

C,I[eJ'IaTB BBIBOA O BCJIIMYMHEC TEMIICPATYPHOI'O IIOpora KoaryJsinuu 0eJIKoB OHUTOIIIa3MBbI
KJICTOK SN ACPMBI UCCIICAYCMOT'O paCTCHUS.

TEMA 28: <ABSMEHEHUE ITIPOHULHAEMOCTU HUTOIIJIASMbI PACTUTEJIbHBIX
KUVIETOK 11Ol BIMAHUEM BBICOKUX TEMIIEPATYP»

Heab: u3y4nTh HU3MEHEHHE MPOHULAEMOCTH LUTOIUIA3Mbl KJIETOK PACTEHHH MOJ
BIMSHUEM BBICOKMX TEMIIEpATyp; YCTAHOBUTH 3HAYCHHE W3MEHEHHUS MPOHUIIAEMOCTH B
(bOpMUPOBAHUU YCTOMUYHUBOCTH PACTCHHIA.

SAZIAHUE 1. BiusiHue BBICOKOM TeMIIEpaTypbl HA TPOHUIIAEMOCTh IIUTOIIA3MbI

Xox pabGorbl. [3 OuuMIIEHHOrO KOpPHEIJIOJa KpPacHOM CBEKJbI BbIpe3aTh 7/
PSIMOYTOJIBHBIX KYCOYKOB pazMepoM 3 x 10 x 40 mm, momectuth ux B ¢papdopoByro yaliky,
MHOTOKPAaTHO MPOMBITH BOJOMPOBOIHON BOAON 10 MOJTHOTO OOECI[BEUHBAHMS MPOMBIBHBIX BO/I,
OCTaBUTh B YaIlIKe MOJ cioeM Bojabl. Harpets B crakane Bogy nmo 75° C, 3aXBaTUTh MUHIIETOM
OJIMH KyCOYEK CBEKJIbI U MIOIPY3UTh €r0 POBHO Ha | MUH. B HAarpeTyro BOJY, a 3aTEM IIEPEHECTH B
npobupky ¢ 10 Ma XOMOIHOM IUCTWIIIMPOBAHHOW BOJABI, MPOOUPKY CHAOIUTH 3THUKETKOM.
JloGaBieHreM XOJIOAHON BOABI OXJIAXIaTh coepkuMoe ctakana 1o 70°, 65°, 60°, 55°, 50° u 45°
C u npu KaxJI0i TeMmreparype BblIEepkKaTh OUEepPEAHOM KyCOUYEeK B CTakaHe B T€YCHHE | MUH. U
nepeHecTy B mpoodupky ¢ 10 M XOJ0HOM NUCTUILTUPOBAHHON BOJBI. BCTpsAxuBaTh MPOOUPKH C
KyCOYKaMU KOPHEIUIOAA CBEKJIbI B T€UEHHE |5 MHMH. M ONpEeNeIuTh WHTEHCHBHOCTH OKPACKHU
xuakoctu Ha ®OKe npu 3eneHOM cBeTOPMIBTPE (MPOTUB TUCTUIUTUPOBAHHON BOJIBI).

Pe3yabTaTsl 3anucath B Tabnuiy 34.

Tab6muna 34
OnTuyeckasi NJIOTHOCTH BOAHBIX PACTBOPOB

Ne npobupku Temnepatypa , ° C OnTHyeckast I0THOCTb
1 75
70
65
60
55
50
7 45
BbruepTuTh KpUBYIO BBIJCNCHHMS aHTOLIMAHA U3 KIETOK, OTKJIAJbIBas MO OCH abCLucC
TEMIEPATypPy, a IO OCH OpJUHAT — ONTHYECKYIO IUIOTHOCTh. HailTu neranpHylo Temmneparypy —
HAaUMEHBIIIYIO TEMIIEPATYPY, BBI3bIBAIOIIYI0O MAKCUMAJIBHBIM BBIXOJ] IMTMEHTA U3 KIIETOK.

B o0cyxaenum pe3yabTaroB YyKa3aThb BIUSHHE TMOBBIIIEHHOW TeMIlepaTypbl Ha
IIPOHUI[AEMOCTh IIUTOIJIa3Mbl, IPUUMHBI WU3MEHEHHH W MX IOCIEACTBHS, OTpaXkarollMecs Ha
KHU3HEJEATEIbHOCTH KIIETOK.

Crnenarp BbIBOJ O 3HAUEHUH IPOHUIIAEMOCTH LIUTOIJIA3MbI M €€ U3MEHEHUS IS KIETOK.

OO IWIN

CamocrosiTeibHas pabora



CaMocTtosiTenbHasi paboTa 3aKIIOYAETCs B MOATOTOBKE K JTAOOPATOPHBIM 3aHATHUSM II0
BOIPOCaM ISl U3yUYECHHUsI, BHIIOTHEHUIO JIaOOpaTOPHOU padoThl, PUKCUPOBAHUIO PE3YIbTATOB U
X OOCYXJIeHHE; B IMOATOTOBKE K HHAUBUIYAJIbHBIM TECTOBBIM IMPOBEPOUYHBIM 3aJaHUSM I10
M3YYEHHBIM TeMaM (BBIMOJIHSIIOTCS TOCTIE U3YYEHUS TEMBbI).

Bomnpoce! 111 u3yuyeHus K J1a00pPaTOPHBIM 3aHATHAM

Pasznen 1. ®u3no0s10rusi pacTUTENbHON KIETKH
Tema 1: «IIJIAZMOJIN3 U AEIIJIAZMOJIN3»
1. TypropHoe cocTosiHME paCTUTEILHON KIETKH.
2.YcioBus 1l TPOTEKaHUS T1a3MOJIH3a.
3.®u3noNornuecKuii MeXaHusMm IMpoiiecca Iia3Moan3a.
4.YcnoBus ais AemIa3MoiIn3a pacTUTEIbHON KIIETKHU.

Tema 2: «®U3UKO-XUMUYECKUE CBOMCTBA LIUTOILIA3MBI
PACTUTEJBbHOM KJIETKW»

Tema 3: «COCYIIAA CUJIA KIIETOK»

Tema 4: <OCMOTHYECKOE JABJIEHUE KIIETOYHOI'O COKA»
1.IToHsITHE OCMOTUYECKOTO IaBICHUS KJIETOYHOT'O COKA.
2.Pons ocMoTHYECKOTO AaBJICHUSA B IOCTYIVICHHUU BOJABI B PACTUTCIIBHYIO KIICTKY.
3.Cocymias cuiia u ee 3HaueHue B MOCTYIJICHUH BOJIbI B PACTUTEIBHYIO KIIETKY.
4.3HaueHue TYpPropHOTO JABJICHUS B OCMOTHYECKUX MPOIeccax.
5.B3auMocBs3b cocyliel CUibl, OCMOTHYECKOTO U TYPTrOPHOT'O IABJICHHUS.

Tema 5: «<CBOMCTBA )KHBOM U MEPTBOM IIUTOILJIA3MBbI»
1.CtpoeHnue, cBoiicTBa U Onosiorndeckue GyHKIMU MEMOpaH B KIIETKE.
2.ITaccuBHBII TpaHCTIOPT BEILIECTB Yepe3 MEMOpaHYy.
3.AKTHUBHBIN TPAHCHOPT BEIIECTB Yepe3 MEMOpPaHy.
4.CuMnopT, aHTUTIOPT, KOTPAHCIIOPT; X (U3HOIOTHYECKask POJIb B PACTUTENLHOM KIIETKE.

Tema 6: «IIOCTYIIVIEHUE BEIIECTB B PACTUTEJIBHYIO KJIETKY»

Pa3nes 2. BogHblii peskuM M MUHEPAJIbHOE IMTAHUE PACTeHUH
Tema 7: «IMIOCTYIIVIEHUE U NEPEABUXEHUE BOJIbI 10 PACTEHUIO»
1.MexaHU3MBbl IOCTYIUICHUS BOJIbI U3 TIOYBBI B KOPEHb (PU30AEPMY).
2.PaqyanbHblil TpPaHCIOPT BOJIHOTO pacTBOPa B KOPHE.
3.®uU3HNO0IOTMUECKNE MEXaHU3Mbl BEPTUKAJIBHOIO TPAaHCIOpPTAa BOAHOIO pacTBoOpa B KOpHE.
KopueBoe naBnenue.
4.®Pu31M0N0rNYeCKue MEXaHU3MbI BEPTHKAJILHOTO TPAHCIIOPTa BOJHOIO PACcTBOpA 1O CTEOIIIO.

Tema 8: «(IIOCTYIIVIEHUE BO/IbI B IIPOPACTAIOIIUE CEMEHA»

Tema 9: <« TPAHCITUPALIU SI»
1. Tpancniuparust kak (Gu3noONOrHYecKuid mporecc. Posib TpaHcTUpanuu B KU3HEIEATETLHOCTH
pacTeHUN.
2.Bunbl TpaHCOIMpalKu, UX BKJIAJ B TPAHCIIOPT BOJHOTO PacTBOpa Mo moderam.
3.Tumnbl yCTBUYHBIX JIBH)KEHUM, UX 3HAYEHUE U YCIOBUSA, B KOTOPBIX OHH MPOUCXOISAT.
4. ®OuU3NO0IOTMYECKUN MEXaHU3M THIPOAKTUBHBIXYCThbUYHBIX IBUKEHUM.



Tema 10: «<OFBEM KOPHEBOM CUCTEMBI.

OBIIAS U PABOYAS IOBEPXHOCTH KOPHE»
1.®usunonoruyeckas pojab KOPHSI U KOPHEBBIX CUCTEM B KU3HHU PACTUTEIHLHOTO OpraHu3Ma.
2.Posib 00beMa KOPHEBOM CHUCTEMBI B TTOTJIOTUTEIIBHONU (DYHKITHH.
3.001mas moBEpXHOCTh KOPHSI U €€ BKJIa/I B MOTJIOMICHUE BEIIECTB.
4.Pabouas moBEepXHOCTb KOPHS U €€ BKJIaJ B IOTJIONIEHUE BEIIECTB.

Tema 11: <SMAKPOXUMHWYECKHIA AHAJINA3 30JIbI PACTEHU»
1.IlonaTre 0 Makpo- U MUKPO3JIEMEHTAX MUHEPAIBHOTO MUTAHMUS.
2.®Dusnonoruyeckas pojb a30Ta B KU3HHU PACTECHUN.
3.®Dusunonornueckas pojib Kajaus B dKU3HU PACTEHUN.
4. ®duznonorudeckas poiib pochopa B )KU3HU pacTCHUH.
5.®usnosornyeckas posib KajablUs B )KU3HU PACTCHUM.
6.Ou3nonoruyecKas pojiab MHUKPO3JIEMEHTOB (Oopa, MapraHiia, MojiuOJeHa, LIMHKA) B JKU3HU

pacTeHuM.

Tema 12: «<OBHAPYKEHUE HUTPATOB»

Pa3nea 3. Ipixanue _
Tema 13: «KOBHAPY>XEHMUME JIBIXAHUSA PACTEHUW»

Tema 14: cUHTEHCHUBHOCTD JbIXAHUS»
1.®usnonoruyeckas pojb AbIXaHUS B KUZHEACITEILHOCTH PACTCHUH.
2.I'muKoMMTHYECKUN Ty Th JBIXaHMS: aHadpoOHas da3sa.
3.I'mukonutuyeckuit myTh AbIXaHUS: adpoOHas ¢a3za (uuki Kpebea).
4. ' TUKOMUTUYECKUH TTYTh AbIXaHUs: adpoOHas (aza (okuciurensHoe hochopuinpoBaHue).

Tema 15: «OINPEAEJEHUE ABIXATEJBHOI'O KOO®OPUIUEHTA»

Tema 16: «IIOTEPSA CYXOI'O BEHLIECTBA ITPU IPOPACTAHUU CEMSIH»

Pa3pnen 4. ®orocunres
Tema 17: «®U3UKO-XUMHUYECKHUE CBOMCTBA IUTMEHTOB ®OTOCHUHTE3A»
1.CoctaB u cTpoeHue XJI0poPHIUIOB, UX PU3HOIOrHYecKas poib B (POTOCHHTESE.
2.Duznyeckne U XUMUIECKHUE CBOWCTBA XJIOPODHUIIIOB.
3.CoctaB u cTpoeHHe KapOTUHOUAOB, UX (PU3HOIOTHYECKas poiib B (POTOCHHTE3E.
4.®duznyeckre 1 XUMUYECKHE CBOWCTBA KAPOTUHOUIOB.

Tema 18: «<KOJIMYECTBEHHOE OINIPEJAEJEHUE IUT'MEHTOB»
1.3nauenue cBeToBoM (azbl PoTOCHUHTE3A, POJIb (POTOCUHTETUYECKHX ITUTMEHTOB.
2.DOTOCUCTEMBI, UX CTPOEHUE U JTOKAIU3ALUS.
3.@oTodusznueckuii yTan cBeToBo (azbl poTocHUHTE3A.

4. ®OTOXUMUYECKUN aTan CBETOBOM hazwr dboTocuHTE3a (TUKITHYEeCKOe
dorodocopumpoBanue).
5.®OTOXUMHUYECKUI aTan CBETOBOM hazwr dboTocuHTE3a (HETIMKITNYECKOE

dorodocopumpoBanue).

Tema 19: UHTEHCUBHOCTDb ®OTOCHUHTE3A»
1. TemuoBas ¢aza porocunresa (nukin KanpBuna): stan kapbokcmmpoBanus P/ D.
2.TemuoBas ¢a3za ¢porocunTesa (mki KanpBrHa): 3Tan BOCCTAHOBICHHUS.



3.TemnoBas aza ¢orocunresa (uukia KanpBuHa): stan perenepanuu P/ .
4.IIponykThl HOTOCHHTE3a, KX Pa3HOOOPA3UE U UCTIOIH30BAHUE PACTCHUEM.

Pa3zgen S. Poct u pa3BuTHE pacTeHui
Tema 20: «<OCOBEHHOCTHU POCTA KJIETOK KOPHSI»
1.OMOpuonansHas (asa (paza qeneHus) pocta U pa3BUTHS KICTOK.
2.®a3a pocTa KJIETOK ITyTEM PacTsKEHUS.
3.da3a okoHuaTeIbHON TUPHEPESHIIMPOBKU PACTHTEIBHBIX KIETOK.
4.0co0eHHOCTH pOcTa KOPHS B JUIMHY U TOJILIHHY.

Tema 21: «POCT OPTAHOB PACTEHU»

Tema 22: «POCTOBBIE JIBUKEHUSI PACTEHH»
1.OcOo0EHHOCTH ¥ THIIBI TPOITH3MOB.
2.®OU3NOTIOTHYECKUE MEXaHU3MbI TPOITMUECKUX U3TMOOB OPraHOB PACTCHUH.
3.0c0o0eHHOCTH U TUIIBI HACTH.
4.®du3nonoruueckre MeXxaHu3Mbl HACTUYECKUX JIBM)KEHUN OpraHOB PacTEHUH.

5.PoJib IBUKEHUM B KU3HU PACTECHUM.
Tema 23: «POCTOBBIE IBUXKXEUS PACTEHUN»

Tema 24: «PETEHEPALIUSA YEPEHKOB»

Tema 25: «BIUAHUE ®UTOTIOPMOHOB HA ITPOPACTAHUE CEMSIH»
1.®UTOrOpMOHBI KaK peryisiTopbl pocTa U MOp(orenesa pacTeHUH.
2.Dusznonornveckast pojb ayKCUHOB.
3.®uznonoruyeckas pojiab HIUTOKHHUHOB.
4.®dusnonoruyeckas posib rTHOOEPETINHOB.
5. @usnonornyeckas ponb ABK u stunena.

Pazgesn 6. YcroituuBoCTh pacTeHUi
Tema 26: «<MOPO30YCTOMUYMBOCTb PACTEHUN»
1 .IloBpeknaromiee BAUSHUE MOPO30B HAa PACTEHUS.
2.®Pu3H0NI0rMYeCKHe MEXaHU3Mbl MOPO30yCTOMUNBOCTH.
3.3akanuBaHue paCTEHUH K OTPULIATEIILHBIM TEMIIEPATYPaM.

Tema 27: GKAPOCTOMKOCTb PACTEHMIN»
1.TloBpexnatroniee BIUSHAE XKapbl HA PaCTEHUS.
2.PuU3H0N0IrMYECKHE MEXAHU3MBI KAPOCTONKOCTH PACTECHHM.
3.IloBpexpaaroniee BIUSHUE 3aCYXH HA PACTEHHUS.
4.®du3non0rnYecKre MEXaHU3Mbl 3aCyX0yCTONYMBOCTH PACTEHUM.

Tema 28: «<UBMEHEHUE IPOHUIMAEMOCTHU ONUTOIIVIA3ZMbI PACTUTEJIBHBIX
KVIETOK IIOA BJIMAHUEM BBICOKHUX TEMIIEPATYP»
1.

Y4eOHo-MeTOoAMYECKOE 00eceYeHue NJIs1 CAMOCTOATEIbHOU padoThl
JUisi  BBIMOJIHEHUS CaMOCTOATENBHOM paboThl HEOOXOAMMO MOJB30BAThCA Y4EeOHOM
JUTEPATypOl, KOTOpas MpEeasokKeHa B CIHUCKE PEKOMEHIYEeMOW JIUTepaTypbl, KOHCHEKTaMHU
JIEKLIUH, HHTEpHET-PECYpCaMu U APYTMMHU UCTOYHUKAMU 110 YCMOTPEHHIO CTYICHTA.



[Tocne u3yueHus TEMbI AJI 3aKPEIUICHUS M CUCTEMATU3ALMU 3HAHUN CTYJIECHTBI JOJKHBI
OTBETUTH Ha KOHTPOJIbHBIE BOMPOCHI. OTBETHI HA BOMPOCHI MOTYT OBITh BBIIIOJIHEHBI JINOO YCTHO,
1100 MMUCHhMEHHO, B 3aBUCUMOCTH OT (DOPMBI KOHTPOJIS.

BOHpOCLI AJIA CAMOCTOATEJIBHOIO U3YUYCHUA

Paznen 1
1.0co0eHHOCTH CTPOEHHUS PACTUTEIHHOM KIICTKH.
2.KnerouHasi CTEHKa: COCTaB, CTPOCHUE, (PU3UOIOrHYECKHE (DYHKIIHH.
3.IlepBuyHas U BTOpUYHAs KJIETOYHAsl CTEHKA.
4.0co0eHHOCTH OCMOTHYECKOTO MOCTYIICHUS BOJIBI B PACTUTEIBHYIO KIETKY.
5.Knerka kak ci0xHas 0CMOTHYECKAsl CUCTEMA.
6.XapakTeprUCTHKa OCMOTHYECKUX CBOMCTB KJIETKH C TOUKH 3PEHHsI 3aKOHOB TEPMOINHAMHKH.
7. TpaHcnopT BEIECTB Yepe3 KIETOUHYIOCTEHKY.
8.PoJb MoynpoHNIIaeMOCTH TUTa3MaJIeMMBbI B TOCTYIIJICHHH BEIIECTB B KIIETKY.

Paznen 2
1.Posib BOJIBI B )KM3HU PACTUTEIBHOM KJIETKU U LIEIOCTHOTO PACTUTENILHOTO OpraHu3Ma.
2.3HaueHUE OBOJHEHHOCTU OpPraHOB M 4YacTeW pacTeHMsl A HOJJEpXKaHUS TUIPATYpbl U
IPOSIBIIEHUU JIEKOPATUBHBIX CBOMCTB PACTEHUH.
3.0cMoTHYECKHE IPUHLIMIIBI IBUYKEHUS BOJIHOTO pacTBOpA IO PACTEHUIO.
4.Ponb BOJIHOrO MOTEHLMANA KJIETOK M YacTed KCHJIEMbl B TPAHCIOPTE BOJHOIO PacTBOpa IO
pacTeHHIo.
5. Tpancnupanus Kak «Hen30€XKHOE 3710» Ul PACTUTENLHOIO OpraHu3Ma.
6.0COOCHHOCTH BOJHOTO pEXHMMa PACTEHUH Pa3HBIX AKOJOTHUECKUX TPYII MO OTHOIIECHUIO K
BoJIe (Kcepo(huToB, Me30(pUTOB, TUTPOGUTOB, THAPO(UTOB).
7.Ponb a3ota B GOpMUPOBAHUH U MPOSIBJICHUU JEKOPATUBHBIX CBOMCTB M KaU€CTB paCTEHUH.
8.Ponb kanus B pOpMUPOBAHUM U MPOSIBIIEHUH JJEKOPATUBHBIX CBOMCTB M KaYE€CTB PACTECHUH.
9.Ponw dhocdopa B popMHupoBaHUU U TIPOSIBJICHUH I€KOPATHBHBIX CBOMCTB 1 Kau€CTB PACTECHUH.
10.Ponb kanbiust B GOpMUPOBAHUU U NMPOSBICHUU AEKOPATUBHBIX CBOMCTB U Ka4eCTB PACTCHUH.
11.Posib MUKpPO3JIEMEHTOB B (JOPMUPOBAHUU U MPOSIBJICHUM JI€KOPATUBHBIX CBOWCTB M KAyeCTB
pacTeHUN.

Paznen 3
1.[Ipixanue kak oOIeOnOIOTHYECKUi TIPOIIECC.
2.0c0o0EeHHOCTH MOCTYIUIEHHS KUCIIOPOa B paCTUTEIbHbIE TKAaHU U3 OKPY/KAIOIIEH CPE/IbI.
3.MosnekynsipHble MEXaHU3Mbl Opranuszanuu mukna Kpedca B MUTOXOHAPUSX.
4. MonexkynsipHble MEXaHHW3Mbl OpraHM3ali U paboThl (HEPMEHTOB AIIEKTPOHTPAHCIOPTHOM
e MUTOXOHAPHA.
5.Mexanun3msl conpsikeHus U cuaTe3 AT® B MUTOXOHIPUSIX.

Pa3pnen 4
1.Ponb goTocuHTE3a B )KU3HU PACTEHUH.
2.3nauenue ¢GoTocHHTE3a B (POPMHUPOBAHUM KAUYECTBEHHOM W YCTOWYMBON CpEIbl CETUTEOHBIX
TEPPUTOPUIL.
3.®usnonornyeckas pojb MOTJIOMIEHUS CBeTa OTOCHHTETUUECKIUMH MTUTMEHTAMH.
4.Yyactre (OTOCHHTETHYECKUX MTUTMEHTOB B ()OPMUPOBAHUU 1IBETA JIUCTOBBIX TUIACTUHOK U HX
JICKOPATHBHBIX KauecTB (POJib XJIOPOPHILIOB a, XJIOpoHUILIOB b, KapOTHHOB, KCAHTO(PHIIOB).
5.CeeroBas (haza ¢poTrocuHTe3A.
6.XapakTepucTuka TeMHOBOH (pa3bl hoTocuHTe3a 10 TUMy 1ukia Kanpeuna (C3-mmyTH TEMHOBOM
puxcaruu COy).
7.XapakTepucTuka TeMHOBOU (pa3bl GoTocuHTe3a mo Tuny nukia Xatua — Cimdka — Kaprnmosa
(C4-niytu TemHoBo# ukcanuu COy).



8. XapakTepucTuka TeMHOBOH (pa3bl poTocunTesa y cykkyneHToB (CAM-Merabonusm).

Pa3zpnen 5
1.0cobGeHHOCTH POCTa PACTUTEIBHBIX KIETOK.
2.Poct kak uHTerpangbHas QyHKIUSA PAaCTUTEIHLHOIO OpraHu3Ma.
3.B3anMocBsI3b pocTa M pa3BUTHSI B OHTOTE€HE3€ PACTUTEIILHOTO OpraHU3Ma.
4.DUTOTOPMOHBI KaK KOOPAUMHATOPBl M PETYJATOPHI IPOLIECCOB JKU3HEIAEATEIBHOCTH U
(opMHpOBaHNUS BHEIIHET0 00JIMKa pacTeHUH.
5.PU3H0JIOrMYECKNE 3aKOHOMEPHOCTH YIIPABJIEHUS MPOLIECCAMU POCTA PACTEHUI U X OPraHOB.
7.Bknan pa3Butus B GOpMUPOBAHUN AEKOPATUBHBIX KAUu€CTB PACTEHUI.
8.DU3NOIOTUYECKUE 3aKOHOMEPHOCTH YIPABJICHHUS IIPOLECCAaMH DPAa3BUTUS PACTEHMM M UX
OpIaHoB.
9.Vrpasienue pU3NOIOrHYECKIMHU MTPOIIECCAMU IBETCHHS.
10.BausiHre npoaoIKUTENbHOCTH CBETOBOT'O JIHS HA POCT U pa3BUTHE PACTEHUIA.
11.5IpoBu3anus Kak (HPU3NOIOTUIECKUHN TTPOIIECC.

Paznen 6
1.IToBpexnaromiee BIUSIHAE MOPO30B HA aJaNTUPOBAaHHBIE ¥ HEAJANTHPOBAHHBIC BUJbI
pacTeHuM.
2 IloBpexnatomiee BIMSHUE HHU3KHX IOJOXKHUTEIBHBIX TEMIEparyp Ha aJalTHPOBAaHHBIE U
HCAAAIITUPOBAHHBIC BUABI paCTCHHﬁ.
3.IloBpexnarolee BIUSHUE XKapbl HA aJalITHPOBAHHBIC M HEaJalTHPOBAHHBIE BUBI PACTCHUH.
4.IloBpexaroliee BIUSIHUE 3aCyXU Ha alallTUPOBAHHbIE U HEAJalITUPOBAHHBIE BUJIbI PACTEHUH.
5.3aCyX0yCTOMYMBOCTD PACTCHUI Pa3HBIX KOJIOTHUECKHUX TPYIII 110 OTHOLICHHUIO K BOJIE.
6.Cos1eycTOHYMBOCTb PACTEHUN: (PU3HMOIOTHUECKHE MEXAaHU3MBI.
7.®usnonoruyeckasi XapakTepucTHKa pacTeHUI-TallopUTOB U pacTEHUH-TIIMKO(PHUTOB.

Tunosbie NPOBEPOYHBIE 3a]aHUA
1.TectupoBanue
IIpumepbI TeCTOB ¢ BLIOOPOM OJHOTO PABHJILHOIO OTBETA
Pa3nen2. BoaHblii pe:xuM M MUHepaibHOE IUTAHNE PACTeHUI

1.B ocMOoTHYeCKHX NpoLeccax KJIeTKH y4aCTBYIOT:

1) sHmOMIIa3MaTHUeCKas CeTh; 2) Bakyousb; 3) sapo; 4) ammapat ['onbmku.

2.B cocTosiHMHU TYPropa BeJJMYUHA BOJHOI0 MOTEHIIHAJIA B KJIETKaX PaCTeHUIl:

1) menbiie Hynst; 2) Oonblne HyAsS; 3) MakcHUMalbHa; 4) MHHMMAalbHA.

3.B cocTOsIHMH MJ1a3MO0JIM32 BeJIMYMHA BOJTHOTO MOTEHIIHAJIA B KJIETKAX PacCTeHUIi:
1) menbuie Hyns; 2) 6onblie Hyas; 3) paBHa HymO; 4) MakCHMasbHa.

4.CBoiicTBO, XapakTepHoe 11 pepmenta ATD-a3a:

1) o6paTiMo u3MeHseT KOH(pUTrypaluio 6e3 3aTpaThl SHEPTHUH;

2) karanuzupyet cunte3 ATO;

3) xaranusupyet ruaposnns ATO;

4) HecnenuuYHA 110 OTHOLIEHUIO K TPAHCIIOPTUPYEMOMY HOHY.

5.C y4yacTHeM NPOTOHHOH NOMIBI B CHMIIOPTE MOIYT NMEPEHOCHTHCH 4Yepe3 MeMOpaHy
rpyninbl HOHOB:

1) K* u Na*; 2) K*u SO42; 3) H*uNa*; 4) H'u SO42.

6.I1ocTyniieHue BoAbI B KJI€TKH KOPHS 00ecrie4nBaeT:

1) nupdysus; 2) maccoBblif TOTOK; 3) ocMoc; 4) rpaAMEHT BOAHOIO MOTEHIIMAA.
7.PaguanbHbIii TPAHCTIOPT BOAbI B KOPHE MPOMCXOIMT 10 IyTH:

1) sk301€pMa — Me30/iepMa — FHAOJEPMA — EPULIUKIT — KCUJIEMA;

2) puzonepma — 3HJI0/IepMa — Me30/iepMa — EPULIUKIT — KCHIIEMa;

3) pu3oaepma — Me307iepMa — SHA0/IepMa — MEPULIUKIT — KCUIIEMA;



4) puzoznepma — Me301€pMa — NEPULIMKIT — SH0IEPMA — KCUIIEMA.

8. Hainvyue KOpHEBOIo JaBJIEHUS MOATBEPKIAIOT:

1) Tpancniupanusi; 2) 3aBsiiaHu€ pacTEHUM;

3) rytrauusi; 4) Koresus U aare3usi MOJEKyJ BOJBI.

9.I'yrranusi BO3HMKAeT NPH HATHYNH CJIeTYIOIHX YCIOBHIi:

1) BBICOKO BJIaKHOCTU BO3/TyXa U IOYBBI; 2) HU3KOM BIQXKHOCTH BO3J/lyXa U MOYBBI;
3) HU3KOH TemrepaType U BIAXHOCTH BO3AyXa; 4) HU3KOH TeMIlepaType U BIaXKHOCTH I1OYBBI.
10.I11av pacTennii 00ycJI0BJIEH MPOLECCOM:

1) Tpancniuparuei; 2) Kore3uen u aare3rei MOJIEKyI BOJIbI;

3) kopHeBoro naBiaeHus;  4) metaboausma moodera.

11.1lepeaBuskeHne BOABI 10 KCHJIeMe HAA3eMHOr0 nodera odecrneynBaeT npouecc:

1) Tpancniupanuy; 2) KOpHEBOTO JaBiieHus; 3) ¢poTocuHTe3a; 4)razoo0MeHa.
12.9xos0rnuecknii paxkTop, yCHINBAOIMI TPAHCIHPALMIO:

1) 6e3BeTpeHHAs MOT0a; 2) HU3Kas TeMIiepaTypa Bo3/1yxa;

3) HU3Kas TeMIeparypa MouBbl; 4) HaJU4KUE BETPA.

13.Hau0oJib11eii 32CyX0yCTOMYMBOCTHIO 00J11a10T PACTEHHUS IKOJOTHYECKOM IPyNIbI:
1) me3outer; 2) rurpodutsl; 3) kcepoduTsl; 4) TUAPOPUTHL.

14. /1711 BpeMEHHOT0 3aBsI/IaHUsI PACTEHUI XapaKTepPHO:

1) ocTarouHblii BOAHBINA AeDUIUT; 2) OCTATOYHBINA BOIHBINA AeDUIIUT HE HAOIIOIACTCS;

3) rubenpb pacTeHus; 4) ocTaHOBKA pOCTa paCTECHUS.

15. KopeHnnb He BbINOIHAET PYHKIHIO:

1) HOrIOTUTENbHYIO; 2) MPOBOIAILYI0; 3) CHHTETHUYECKYIO; 4) TpaHCHHPALMOHHYIO.
16.®ocdop BXOIUT B COCTAB:

1) 6enkoB; 2) AT®D; 3) xmopodmuio; 4) MOHOCAXapHIOB.

17. Cepa BXOIUT B COCTaB:

1) 6enkos; 2) AT®; 3) xaopopmiios; 4) HYKJICOTHIIOB.

18.®opma a3ora, ycBauBaemasi BICIIMMHU PACTEHUSIMH U3 MOYBbI:

1) N2; 2) NH4"; 3) aMMHOKHUCIOTBI; 4) HYKJIEUHOBbIE KHCIOTHL.

19.K Muxpo3JjieMeHTaM He OTHOCHT:

1) Mmenp; 2)monubaen; 3) maprasen; 4) MarHuii.

20. K makpo3jieMeHTaM He OTHOCHT:

1) 6op; 2)cepy; 3)azot; 4) bocdop.

21.IlocTyniieHHe HOHOB MMHEPAJIbHBIX COJIel B KJIETKH PU30AepPMbl KOPHSI TOPMO3UTCH:
1) NOBBILLIEHUEM a3pallvy OYBBI; 2) MOBBIIIEHUEM IIIOTHOCTH MTOYBBI;

3) NOBBIIIIEHUEM aKTUBHOCTH pU30C(EPHBIX MUKPOOPTaHU3MOB;

4) NOBBIIIEHUEM OCBELICHHOCTH.

22.®epMeHThI HUTPATPEAYKTA3a M HUTPUTPEAYKTA3a KaTAJIU3UPYIOT NpoLecc:

1) BoccTaHOBJIEHHE HUTPATOB; 2) BOCCTAHOBUTEIBHOE AaMUHUPOBAHUE;

3) TpaHCAaMUHUPOBAHUE; 4) pacmaj 6€NKOB.

23.YcuiieHne BOCCTAHOBJICHUSI HUTPATOB B JIMCTHAX MPOUCXOMT:

1) npu CHUKEHUH OCBEIIEHHOCTH; 2) MPH MOBBIILIEHUH OCBELIEHHOCTH;

3) Ha pacCcEesITHHOM CBETY; 4) B TeMHOTE.

24.]Ins1 ¢pj103MHOr0 TPAHCTIOPTA BElIECTB XapaKTEePHO:

1) mpoucXOUT C 3aTpaToOi SHEPTUH; 2) MPOUCXOAUT O€3 3aTpaThl YHEPIUH;

3) nepeMerieHrie MUHEPAJIbHBIX BEIIECTB;

4) IPOUCXOINT TIO KJICTKAaM, JIUIICHHBIM IIPOTOILIACTA.

25.bosiee BbICOKAsi HMHTEHCHMBHOCTH /JbIXaHHMSl HAa0/0AaeTcd B CJeIYIOUIUX KJeTKax
(¢p105MbI:

1) cUTOBUIHBIX KJIETKaX; 2) KJIETKaX-CITyTHHUIIAX;

3) myOsiHBIX BOJIOKHAX;  4) MapeHXUMHBIXJIEMEHTHIX.

Kpurtepun oneHuBaHus pe3yibTaTOB OCBOCHHUS TUCHHUILINHBI
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6.1. Oyenounwvie cpedcmea u Kpumepuu OYeHUBAHUA 011 MeKyuiell ammecmayuu
CuTyanuoHHbIE 321241

Boaubiii 00MeH pacTeHunid
KakoBbl pa3nuuusi B CKOPOCTH NEPEIBUIKEHHUS BOJBI IO COCYJaM KCUJIEMBI U KUBBIM
KJIETKaM napeHXuMbl? UeM 0OBICHSIOTCS 3TU pa3inuyus’?
OO0ocHyiiTe 3HaU€HHE I'paJUEHTa BOJAHOIO MOTEHIMAJA B CUCTEME [I0YBA — PACTEHUE —
aTMocdepa 17151 BOCXOAIIETr0 TOKa BOJbI B PACTEHUSX.
Kak 00bsacHUTh HaOyxaHHE B BOJE MACISIHUCTBIX CEMsH (ITOJICOTHEYHHMKA, KICIICBUHBI U
JIp.) HECMOTPSI Ha TO, YTO XKHUPBI 00J1a1aI0T TUAPOGHOOHBIME CBOMCTBAMU?
Pacrenue nepecaxxenHo B mouBy. OCMOTHYECKOE JaBi€HUE IOYBEHHOro pacrtBopa 0,2
MIla. BMOMEHTHIOCAIKM OCMOTHYECKOE JABJIECHUE KOPHEBBIX BOJIOCKOB paBHsuioch 0,9
Mlla, a Typropsaoe nasienue — 0,8 MIla. CmosxeT 1 pacTeHUE KUTh HA TaHHOM 1IouBe?
OO0mbscHure.
JIBa OIMHAKOBBIX COCyJla 3allOJIHEHbI IOYBOM: B OJHOM COCYyJ€ IlecuaHas I04YBa, B
npyrom riuHuctas. [louBa B 000oux cocyqax IMOJMTa /O TOJHOTO HACBIIIECHUS
(comepxkaHMe BOJbI COOTBETCTBYET IIOJIHOM BJIAroeMKOCTH IOuBbI). B kakom cocyne
Oonbiie: a) o0LIero coaepx aHus BOJbl; 0) KOJIMUECTBA TOCTYIHOM IJi PACTEHUIN BOJIBI,
B) MEpPTBOTO 3amnaca BoJibl? OObsICHUTE.
[Tpu ompenenenun koddduLMeHTa 3aBAJaHUS METOAOM, OMHUCAHHBIM B TMPEAbIAYIICH
3a7]a4e, OKa3ajioCh, YTO BCE PACTEHMS IMPU BBHIPAIIMBAHMM HA OJHOM W TOW K€ MOYBE
JAIOT TIOYTH OJMHAKOBBIA pe3yibTaT HE3aBUCUMO OT MX BUAa U Bo3pacta. Kak 310
OOBSICHUTH?
[TpoucxoauT mu TpaHCHUPALUS IPU 3aKPBITHIX YCTHUIAX U Y O€3IUCTHBIX T00EroB?
Kak 00bscHUTB, yTO TIpH OOIIEH HEOONBINON TUIOIMIATN YCTHhHUYHBIX OTBEPCTHH (OKOJIO
1% muomaayn MUCTHEB) UHTEHCUBHOCTh TPAHCHUPALMM MPU OJaronpUsSTHBIX YCIOBHUSX
BOJIOCHA0KEHUS pacTeHUN MPUOIMKAETCd K MHTEHCUBHOCTHU ABANlopaluy (UCIapeHust co
cBOOOTHOM BOJIHOM OBEPXHOCTH)?
KoHuenTpanuii HOHOB Kajusl B 3aMbIKAIOLIUX KJIETKAaX yCTbUIl BO3PACTAET Ha CBETY B 4-5
pa3. KakoBa npuunHa 3TOTO SBJICHHUS.
Iober ¢ mmomansio nucthes 1,2 nM%3a 4 MuHyTH Hemapun 0,06 T Boasl. Ilpu Tex ke
YCIOBHAX cO CBOGOMHOH BOAHONW MOBepXHOCTH MWiomansio 20 cm? 3a 30 MHHYT
ucnapunocb 0,15 r. OmnpenenuTs OTHOCUTENbHYIO TpaHCIUPALUIO (OTHOLIEHUE
MHTEHCUBHOCTH TPAHCIUPALIUN K UHTEHCUBHOCTU CBOOOHOIO MCIIAPEHHUS).
3a BereTalMOHHBI NEepUOJa pacTeHHs Hakonmuiau 2,1 Kr OpraHM4YecKkoll macchl M
ucrnapuin 525 Kr Boabl. BEIYNCINUTE TPOTYKTUBHOCTD TPAHCIUPALMH.
Tpancnupanuonnsli  kodduiment pasen 125 wma/r. HailTu  1poayKTHBHOCTH
TPaHCIUPALIH.
B oxnom u3 onbitoB JI. A. MBanoBa 20-neTHsst cocHa Obuia crimieHa 3/11, Topen mHs
ObUI TIIATEJIBHO CMa3aH CajloOM M 3aKPBIT KIEEHKOW, MOCie Yero MepuoaAnYecKH
OTIPEIEIISTN BJIAKHOCTh PEBECUHBI ITHS, KOTOpast oka3aiach paBHoit: 3/11 — 60, 2; 5/11
—62, 2; 9/11 — 63, 7%. Kak 00BSICHUTb TOJTYUYCHHBIC PE3YJIbTAThI?
B tpex cocynax ¢ mouBoi ObLIM BBIpAlIEHbl MPOPOCTKH KYKYPY3bl MPU OJAMHAKOBBIX
ycinoBusx. OnMH coCyl] TIOCTaBUIM B KPUCTANIM3aTOp C BOJOM KOMHATHOM
TEMIEPATypbl, BTOPOI — B KpUcTalIu3aTop ¢ Bogoi Harpetoit 1o 30°C, mocine yero oba
COCyZa 3aKpbUIM CTEKJISHHBIMM KOJIMAKaMU. TpPETHH COCyJl OCTaBWJIM OTKPBITBIM. Y
KaKUX TpPOpPOCTKOB OyzaerT Habmonatbes Ooniee uHTeHcuBHas Tyrrauus? Kak sto
00BSACHUTH?
Y HEKOTOpBIX KOMHATHBIX PACTEHHMM HE3aJ0JIT0 J0 MO MOSBIAIOTCS Karuld BOABI Ha
KOHYHKaX JUCTheB. Kak 0OBSICHUTD 3TO siBIICHUE?
JlepeBo ¢ MIOMaIbIo INCTOBOI TOBEpXHOCTH 12 M2 Mcmapmiio 3a 2 yaca 3 Kr Bojsl. Uemy
paBHA MHTEHCHUBHOCTh TpaHcruparuu (r/mM? B yac)?
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[ToGer, B3BemIEHHBIN cpa3y mocie cpe3anus, umen maccy 10,26 T, a uepe3 3 mun — 10,17
r. [Inomanp muctheB mobera pasHa 240 cM2. Onpenenute THTEHCUBHOCTh TPAHCIUPAILUU
(r/m? B uac).

MuHepajibHOe IUTAHUE
Kak MOXHO A0Ka3aTh, YTO HA4ajJbHOE IMOIJIOIIEHUE MOHOB KOPHEBOW CHCTEMON HOCHUT
00paTUMBIN aACOPOITMOHHBIN XapaKTep?
Kak BelpacTuTh pactenue Oe3 mouBbl? Kakue ycrnoBus HEOOXOAMMO TIpU 3TOM
co0nronaTs?
OpnuHakoBble IPOPOCTKU BBICAKEHBI B TPU COCYyJla C MECKOM. B mepBrlil cocys; BHECEHA
IOJIHAsl MUTaTeIbHass CMeCh | ebpurestst, BO BTOPOil — Ta ke cMmech, HO BMecTo Ca(NO3):2
nan CaSOs, B tperbeM cocyne KCI1 3amenen nHa KNOs. Cocyabl noOMeElIeHBbI B
BEreTAllMOHHBINA JTOMUK U PETYISAPHO MOJUBAIOTCA AUCTUIUIMPOBAHHON BOJONH. KakoBbI
OyayT pe3yabTaThl 3TOrO ONbITa?
KopueBast cuctema Oblla BbIIEp)KaHa B TEUEHUE HECKOJIbKUX MHUHYT B pPacTBOpe
METHJIEHOBOM CHHEH, a 3aTeéM TIIATEJIbHO MPOMBITa TUCTHILIMPOBAHHOW BOAOH, MOCHE
4Yero KOpHU ObUIM MOTPYXEHBI B PACTBOP XJOpHaa Kajiblusa. PacTBop Bckope mpuobdpen
XOPOIIO 3aMETHYIO CHHIOIO OKpacky. Kak 0OBbSICHUTH 3TO SIBJIICHHE.
[To nanueim WM. U. KonocoBa, noBeilieHue TemmepaTypsl pactBopa docdara HaTpus Ha
10°C BBI3BIBAJIO yCKOpEHHWE MOTIIOIIEHUs KopHsMH ¢ochopa B 5,2 pasa, a HATpUs —
ToNbKO B 1,4 pa3a. Kak 00BsACHUTB 3TO paznnuue?
HaBecku npeBecrHbI U TUCTHEB Oepe3bl OBUIM COXOKEHBI B MY(EIbHOM Teud. Y TepBOro
U3 Ha3BaHHBIX O0BEKTOB Macca 30ibl cocTtaBmia 0,8%, y Broporo — 6,5%. Kak
OOBSACHUTH 3TU pa3nuuus’?
[Touemy mpu HeAoOCTaTKe KajbIUs MPOUCXOIUT pa3MATYCHHE U  OCIHU3HEHHE
PaCTUTENbHBIX TKaHEH?
[Tepen nmucTonazom U3 CTaperoIMX JUCTHEB SOJOHU OTBOAMUTCS B cTebenb 10 52% a3zoTa
u 36% kanus, a couepKaHue Kalblldsi B JIUCThSAX yBENWYUBaeTcs B cpeaHem Ha 18%.
Kaxue BbIBOABI MOKHO CJI€JIaTh HA OCHOBAHUM MPUBEICHHBIX JAHHBIX?
Kakue nuctbst oOHapyXuBaioT Oo0jiee PE3KO BBIPAKEHHBIE CHUMOTOMBI (HOCHOPHOTO
rojojanusi mpu Hemoctatke docdopa B mouBe — BepxHUE uiu HwkHHE? C 4eM 3TO
CBs3aHO?
Kycouku uepemika ¥ JIMCTOBOW IUIACTMHKU CBEKJIbBI MOMECTHJIM Ha Tapeiky, pa3Msiin
CTEKJISTHHOW MaJ0OYKOM U 00JIMIM pacTBOpOM U(EeHNnIaMUHA B CEPHON KHUCIIOTE (PEaKTUB
Ha noH NOgz"). Ueperniok 1an MHTEHCUBHOE CHUHEE OKPAIlTUBaHUE, a JUCTOBas MIACTUHKA —
cnabee. Kak 00BsSCHUTH MOTY4YEHHbIE PE3YNIbTAThI?
Kak 00bscHUTH Hanuuue pazHOOOpPa3HBIX AMHUHOKHUCIOT U TOYTH IOJHOE OTCYTCTBHE
noHoB NOgz™ B macoke (KCHJIEMHOM COKE) MHOTHX JIPEBECHBIX PAcTeHUH, B TOM UHUCIE
MPOU3PACTAIOIINX HA MMOYBE OoraTol HUTpaTaMu?
PacreHus BbIpaliuBaINCh B BET€TAIMOHHBIX COCYAaxX C UCCIENYEMOM MOYBOM. B mepBbIi
COCyl HUKaKuX yAOOpeHWW He BHOCUIM (KOHTPOIb), BO BTOPOHW JOOABWIM KaTHIHOE
ynoopenue, B Tpetuii — dochopHOe, B 4eTBEpTHIH — a30THOE. OcTajabHBIE YCIOBUS
(ocBemienue, TemrepaTypa, MOJHMB) OBUIM JUII BCEX COCYIOB OJMHAKOBBIMH. Poct
pacTeHUH BO BTOPOM COCYyJI€ HE OTJIMYAJICA OT KOHTPOJS, B TPEThEM OBLT HEMHOTO
Jyd4llle, a B YETBEPTOM IrOpas3zo JIydlle, Y4eM B KOHTPOJIBHOM cocyne. CuenainTe BbIBObI
U3 MPUBEICHHBIX PE3YJIbTaTOB.
B BeretanuoHHOM OMNBITE W3ydYald BIUSHUE YAOOPEHUU HA YPOXKAWHOCTH TMIICHUIIBI.
OnpIT OBLT MOCTABJIEH — B YETHIPEX BapuaHTax: 1) HeynoOpeHHas moyBa (KOHTPOJb); 2)
amMmuavHas cenutpa; 3) cynepdocdar; 4) ammuauHas cenutpatcynepdocdar. Ypoxaii
BO BTOPOM BapuaHTe mojy4ywica B 1,5 pa3a Bbille, YeM B KOHTpPOJE, B TPEThEM HE
OTIIMYAJICS. OT KOHTPOJISA, a B UYETBEPTOM OBLI B 2 pasza Oojbllie, YeM B KOHTpOJE.
CrenaiTe BEIBOIEL.
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B 4em mposiBisieTcst OTpULIaTeNIbHOE BIMSAHUE M30bITKA a30THBIX yJOOpEHUN Ha yposkait
MIISHULIBI U KapTodens?
[Tousa, 6Goratas gocharom Kamblvs, HEPEAKO TOCTABISET CIUIIKOM Majo docdopa st
ONTUMAJILHOTO pocTa pacTeHui. OOBSCHUTE MPUUUHY 3TOTO.
Ecnu kopeniok Kakoro-imubo pacTeHus MPHIOKHUTh K JIMCTOYKY JJAKMYCOBOM Oymaru, To
Ha JINCTOYKE OCTAHETCS PO30BbIi oTnedaTrok. C 4eM 3To cBA3aHO?
Kakue BHelIHME NpU3HAKU pACTEHHUsS CBUACTEIbCTBYIOT O HEIOCTaTKE a3zoTa B
nuTaTenbHOM cyOcTpare? Ha KakuxX JHCTBSIX — BEPXHHUX WIM HIXKHUX — 3TH MPU3HAKU
IPOSBIISAIOTCA paHblle?

doTocuHTE3
Omepcon u ApHoiba B 1932 rogy oOHapyXuiu, 4TO KBAaHTOBBIA BBIXOX (hoTOCHHTE3a
(xommuectBo BblAenuBLierocss Oz unu norjomeHHoro COz Ha KBAaHT MOTJIOIIEHHOM
SHEPruM) MOKHO YBEJIMYUThb, €CIM BMECTO HEIPEPHIBHOIO OCBELIEHUS [1aBaTh CBET
KOPOTKUMHU BCHBIIIKAMU C 0oJiee JUIMTEIbHBIMA TEMHOBBIMH MPOMEXYTKaMH. Yem 3To
MO>KHO OOBSICHUTB?
[Touemy skctparupoBanue ¢ nomoinbio 80-90%-HBIX BOJHBIX PACTBOPOB CHHUPTA WU
aleTOHAa NPUBOIUT K IOJHOMY OOECIBEUYMBAHMIO JIUCTHEB, TOI/IA KaK HEMOJSPHbIE
pactBopuTenu (OEH3MH, METPOJCHHBINA 3(UpP) HE MOTYT U3BIECUYb BECh COJEPKAIIHIiCS B
JUCTHSIX XJIOPOPUILI?
K crnupToBOil BBHITSDKKE M3 3€JI€HOr0 JHUCTa 00aBUIM HECKONIbKO Kameib 20%-Horo
pactBopa KOH, mpunmiu OeH3uH, TIIATEIbHO B300JITaTu M Jalu OTCTOAThCs. KakoBa
Oyner okpacka crnupTa U Oensuna? Kakue BemiecTBa OyqyT pacTBOPEHBI B YKa3aHHBIX
pacTBOpUTENSIX?
K pactBopy (eodutnna n00aBUIM HECKOIBKO KPHUCTAUIOB YKCYCHOKHCIOW MEIU H
Harpenu a0 kuneHus. Kak m3MeHuTCs mpu 3TOM OKpacka pactBopa? Kakas peakuus
npou30uaeT Mex 1y heopUTHHOM U 100aBIEHHBIM PEAKTUBOM?
Kak 00BsCHUTH pa3Hyl0 OKpacKy CIHPTOBOM BBITSKKM M3 3€JIE€HOr0 JIUCTa IpH
paccMaTpUBaHUU €€ B IPOXOJAILIEM U OTPAKEHHOM CBETE?
Y MyTaHTHBIX pAacTEHUH TOpoXa C TIOHWKEHHBIM COJIEp’)KaHUEM KapOTHHOMJIOB
(doToCHHTE3 MPOTEKAET MEHEee HHTEHCUBHO. Ha3zoBuTe 1Be BO3MOXKHBIE IPUUYHUHBI ITOTO.
Ecnu 3enenwlii nuct ocBemarbh B orcyrctBue CO2, To OH Oyaer QuyopeciuupoBaTh.
Beenenne CO2 HeMeII€HHO BBI3OBET TYyIIEHHE QuiyopecueHIMH. YeM 3TO MOXKHO
OOBSICHUTD.
K cnuproBomy pacTBopy xsopoduiiia 100aBUIH aCKOPOMHOBYIO KUCIOTY U METUIIOBBIN
KpacHBbIN, TIOCIIE€ Yero BHICTABUIM Ha sApkuid cBeT. Yeped 20 MHH. KpacHash OKpacka
pacTBOpa CMEHHJAch 3€JIEHOM BCIEACTBME BOCCTAHOBIEHMS Kpacurens. KakoBa poib
XJ0po(usIIa B TON peaxiuu.
N3BeCcTHO, YTO CKOpPOCTh (POTOXMMHUYECKHX DPEAKUUH HE 3aBUCUT OT TEeMIIEPaTypHl.
Mexty TeM (OTOCHHTE3, OCYLIECTBIIAIOMINNICS 32 CYET CBETOBOM SHEPTUU, OTUMHSIETCS
npaBuity Baut-T'odda, yckopsisice B 2-3 pa3a npu noBsliieHud Temmeparypsl Ha 10°C.
Kax 00bsacHUTH 3TO siBIeHUE?
Pactenue ObLJIO OCBEIIEHO BHayale 3€JEHBIM, a 3aTeM CHHMM CBETOM TOH XKe
WHTEHCUBHOCTU. B kakmx mydax Oyzaer Habmromatbest Oonee ObicTpoe moriomierne CO»
mucteamu? [louemy?
KoMmnencanronHnasi Touka y TEHEBBIHOCIMBBIX pacTeHuit coctaiseT 0,5-1% momHoro
JTHEBHOT'O OCBEILIEHUS, a Y CBETOMOOUBBIX 3-5%. KakoBbI IPUYHHBI 3TOTO pa3nuyus?
KaxoBbl mpuurHbI TH0EIM MHOTHX JIECHBIX TpaB (KUCIHIIBI, HEAOTPOTH, MaHUKA) TOCIIe
BBIpYOKH Jieca?
HecmoTps Ha TO, 4YTO MHTEHCUBHOCTH (DOTOCHHTE3a COCHBI IPUMEPHO B 3 pa3a MEHbIIIE,
yeM Oepesbl (IPU OAMHAKOBBIX BHELTHHUX YCIIOBUSX), IPHPOCT OPTaHMUECKOM MAcChl 3TUX
MOPOJ] IpH pacyeTe Ha 1 ra mouTu oxuHakoB. Kak 310 00bsACHUTDH?
Mexanu3mbl hayopectieHInu 1 GochopecteHIum.
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K kakoMy 3JeKTpOHBO30YXIEHHOMY COCTOSHHUIO MPUBOIUT TOTJIOLICHUE MOJEKYJION
xJIopo(usIIa KBaHTa KPAaCHOTO UJIM CUHETO cBeTa’?

Uem MOXHO O0O0BACHUTH Oojee d(PPEKTUBHOE HCIIOIB30BAHHE CBETa HHU3KOM
MHTEHCUBHOCTU TEHEBBIHOCIUBBIMH PACTEHUSMHU, 1O CPABHEHHUIO CO CBETOJIIOOMBBIMU
pPacTECHUSIMH.

Ecnu nomectuts no ogHomy pacteHuto C3- u C4-TUIOB MO OJUH CTEKJISIHHBIN KOJMAK,
T.€. IPOCTPAHCTBO C OrpaHn4YeHHbIM 3anacoM CO2, To Cs-pacTeHue, Haubosee BEPOSTHO,
noruOHeT, panbIie, yeM Cs-pactenue. [louemy 310 MOKET MPOU30HTH?

JbixaHue pacTeHui
[lepeunciure  MPOMEKYTOYHBIE  MPOJYKTHI ~ a’3pOOHOrO  JIbIXaHHUS,  KOTOpbIE
MOABEPTaIOTCS: a) IeKapOOKCUIIMPOBAHUIO; 0) OKUCIICHUIO (OTHITHIO BOAOPO/IA).
[loueMy HWHTEHCHBHOCTb [IbIXaHHMSI PACTEHHUNM PE3KO BO3pACTaeT IMPU YBEIWYEHUU
conepxanusi Oz B okpyxaromieil cpene or 1 10 6%, a npu JanbHEHIIEM MOBBILLIEHUU
coaepxanus Oz MOYTH HE U3MEHsETCA?
JpixaTenbHblii KO3(h(GUIUEHT MPOPOCTKOB MIIEHUIBI TIpU coaepkaHuu Oz B BO3IyXe
21% cocraBmsm 0,98, nmpu 5% — 0,93, mpu 3% — 3,34. Kak 0OBACHUTH pe3Koe
BO3pacTaHue AbIXaTeNbHOr0 Ko duirenta?
B nBa cocyna annapara BapOypra nomecTusiin OJUHAKOBbIE HABECKU HAKIFOHYBILUXCS
ceMsiH. B O0KOBOI OTPOCTOK OAHOTO M3 COCYAMKOB Hamuinu kpenkuil pactBop KOH,
nocyie 4ero oba cocyna coeauHmwiIM ¢ MaHomerpamu. Kak Oyner M3MEHSAThCS ypOBEHb
MaHOMETPHUYECKOM KUIKOCTH, €CIIU JAbIXaTeIbHBIM KOI(PPUIIMEHT: a) paBeH equHUIIE; 0)
MEHBIIIE €ANHUIIBI; B) OOJIBIIE €TUHULIBI.
Bosmoxken nu mnepeHoc ¢ocdarueix rpynn Ha AJID or crenyrommx cyOcTpatos:
noKo30-1-pocdara, Gpykrozo-1,6-mudocdara, 1,3-mudocormmuiepuHOBON KUCITOTHI,
dochoenonmnupysara?
15 r mouek Bbaenunu 3a 30 MuHyT 3 Mr CO2. BeUncnuTh HMHTEHCUBHOCTD JbIXaHUS Ha
Ir cyxoit macchl 3a 1 4, eclii U3BECTHO, YTO COJAEPKAHHME BOJBI B MOYKAX COCTABISIET
60%.
HekoTopsie cuuTaroT, 4TO BPEIHO OCTABIATH IIBETHl HA HOYb B KOMHATE, TaK KaK OHU
MOTJIONIAOT KHUCJIOPOJ, HEOOXOAUMBIM I JbIXaHHUS dYeloBeKa. YTOOBI OTBETHTH Ha
BONPOC, HACKOJIBKO OOOCHOBAaHO 3TO MHEHHE, IMOJCUMTANTEe, JO KAaKOW BETUYMHBI
cHu3uTCs coaepxkanue Oz mpoTuB 00byHOrO (21% mo o0bemMy) B BO3AyXe KOMHATHI
o6bemMoM 45 M° B Teuenne 10 4 3a cueT ABIXAHUA PACTEHHil, MMEIONMX OOIIYI0 Maccy 2
KT ¥ CPEJIHIOI0 MHTEHCUBHOCTD JibIxaHus 12mi Oz Ha 1 T B CYTKH.
Kakmne apryMeHThl CyIIECTBYIOT TpPOTHB Teopuu (rumoresnl) JlaByazbe O CXOJACTBE
JBIXaHWS U TOPEHHUS?
Cxonbko CO2 Bbaenur 1 kr cemsiH 3a 10 CyTOK, €ClM M3BECTHO, YTO MHTEHCHUBHOCTH
neixanus 3tux ceMsaH paBHa 0,1 mr CO2 Ha 1 T cyxoil maccel B 1 4ac, a coaepxaHue
BOJIbI B ceMeHax 38%7?
3enenplii MUCT Ha cBety mpu Temreparype 5°C wmaTeHcMBHO morjoman CO»z, a mpu
noBbIieHnH temneparypsl 10 40°C navan BoiensaTh CO2. Kak 00bSCHUTH OTMEUEHHOE
M3MEHEHHUe B Ta3000MeHe ucra’?

TkaHu CTBONIA JEPEBHEB pACIONATAIOTCS B CIEAYIOMICH MOCIEIOBATEILHOCTH B
MOPSIIKE  YMEHBIIEHWST WHTEHCUBHOCTH JIbIXaHWs: KamOwii, ¢(modma, 3a00JI0HB,
npeBecuHa. C yeM CBA3aHO TaKO€ pacrpezeseHue?

B kakoMm ciydae OSHEPreTHYECKUH BBIXOJ JBIXaHWS BBINIE — TMPH OKHCICHUH
MUPOBUHOTPAJHON KHCIOTHl IO TUIMY OpOKeHUs WM a’dpoOHoro mabixanus. OTBeT
obocHyiiTe.

KakoBa cynp6a sHeprum, KOTopasi BHICBOOOXKIAECTCS B MPOIIECCe MepeIadul IEKTPOHOB
ot HAJIH2 u ®A/IH2 k MOJEKYJIIpHOMY KHUCIOPOIY YEPE3 IIEKTPOHHO-TPAHCIIOPTHYIO
[eNb B MUTOXOHIPHSIX ?
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14. TlocpencTBOM KakuxX MPOMEXKYTOUYHBIX COCIMHEHUH UKIIA - U TPUKAPOOHOBBIX KUCIOT
YCTaHaBJIMBACTCSI CBA3b MEXy OOMEHOM YIJIEBOJIOB, )KUPOB U OEIKOB?

15. boponun B cBoux ombiTax (1876 T1.) Habmogan OBICTpOE yBETWYEHHE MHTEHCHBHOCTHU
JbIXaHUS Yy PAcCTEHUM, BBIJCPKAHHBIX B TEMHOTE, a 3aT€M BBICTABICHHBIX Ha CBET.
OOBsICHUTE ATU U3MEHEHHUS.

16. Yem oOBbsicHsETCS yaydIlIEHHE JIEKKOCTU IUIOJI0B IIPU IIOMEIIEHUHN UX B T'eépMETHYECKHE
COCYZbI C YIJIEKUCIIBIM Ia30M?

17. PacturenbHble Maciaa B HAUOOJBIIMX KOJMYECTBAX MPUCYTCTBYIOT B CEMEHAaX, IpUYEM
4acTO OHM HaxoJATCS B 3apojplilie. B yem mpenmyliecTBa TaKOro MECTOHAXOKICHUS C
TOYKHU 3PEHUS SFHEPTeTHUECKUX HYX/ PACTCHUs?

Bonpochkl moAroToBKe K Ja00paToOpHbLIM padoTaMu BONPOCHI AJISI CAMOCTOSITEILHOIO
U3Yy4YeHHMATPUBEICHBI B pazjiene «Buasl 00pa3oBaTenbHON ACATEIBHOCTI.

Kpumepuu oyenusanus:

«OTJIMYHO» - CTYICHT JEMOHCTPHUPYET TIyOOKHE 3HAHUS 110 BOMPOCY, OTBET JIOTHYHBIH,
IIOCJIEI0BATENIbHBIM, UETKUM, COAEP)KUT JOINOJHUTEIbHBIE CBEIEHUS U3 JIMTEpaTyPHBIX
UCTOYHUKOB. CTYNEHT WUIIOCTPUPYET OTBET MpUMepaMu. B oTBere HET OMOIOrMYEecKHX
OLIMOOK, JIOMYCKarTCs 2-3 HETOUYHOCTH.

«Xopomo» - CTyICHT MOKa3bIBaeT AOCTATOYHO BHICOKHE 3HAHHS IO BOIPOCY, OTBEUAET
JIOTMYHO U MOCJIE0BATENIbHO, OTBET CHa0eH npuMepaMu. CTyIeHT TOMYyCTHI 2 Herpyoble min
1 rpyOyr0 OMOJIOTHYECKYIO OIIUOKY, B OTBETE JAOMYCKAIOTCS 2-4 HETOYHOCTH.

«Y10BJICTBOPHUTEIBHO» - CTYJEHT IIOKa3bIBA€T HEJOCTATOYHBIC 3HAHUS 110 BOIPOCY,
OTBEYAET HEJOTMYHO M HEMOCJIEN0BATENbHO, 3aTPYAHSETCS MPUBOAWTH TpuMepbl. CTyAeHT
nomyctusl Oonee 4 HerpyObix wid 3 TpyObIX OHOJOTMYECKHX OIIMOKH, B OTBETE €CTh
MHOTOYHCIICHHbIE HETOYHOCTH.

«HeynoBJ1IeTBOPUTEJIBHO» - CTYACHT HE OPUEHTHPYETCS B BOIPOCE, HE 3HAeT OTBETA.
JlomyckaroTcss MHOTOUHCICHHbIE HETOYHOCTH U OIIMOKH.

KpuTepIm BbBICTABJICHHUA OLICHKU 3a TECT

[TponeHT NpaBUIIbHO BBIOJIHEHHBIX TECTOBBIX Ouenka
3a1aHUI
86% — 100% OTJIIMYHO
69% - 84% XOpOIIO
50% - 68% YJIOBJIETBOPUTEIHHO
Menee 50% HEYJIOBJIETBOPUTEIILHO

Kpurtepuu oneHuBaHus pelnieHusl CATYallMOHHBIX 3a/1a4

ITokazarenu mo ypoBHAM OIICHKA
CryneHT pemiaet 3agady  CaMOCTOSTENBHO, TEOPETUYCCKH OTJIMYHO
000CHOBBIBAET CBOE pellieHue, 3a1a4a penrena Ha 95-100%
CryneHT pemaer 3aa4y CaMOCTOsITETbHO, BOSHUKAIOT HEKOTOPEIE XOpOIIIO

npoOJeMbl C TEOPETUYECKHMM OOOCHOBAHHEM pEIICHHS, 3a/iava
pemreHa Ha 80-94%

CTyneHTy mpu pelieHuu 3a7adu TpeOyeTcst MoMOIlb, BOZHUKAIOT YIOBJIETBOPUTEILHO
npoOJeMbl C TEOPETUYECKHMM OOOCHOBAHHWEM pEIIeHUs, 3ajada
pemena Ha 60-79%

CTYJIGHT HC MOXECT CaMOCTOATCIBHO peI_HI/ITI) sanaqy, HC MOXCT HGYJIOBHCTBOPI/ITGJ'IBHO
TEOPETUYECKH O00OCHOBAThH PEIICHHE, 3a/laua pellicHa MEHEe 4YeM
Ha 60%
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6.2. Oyenounwle cpeocmea u Kpumepuu OYEeHUBAHUA 01 RPOMENHCYMOYHOU
ammecmayuu
Bomnpocsl 11 NoAroTOBKH K 3k3amMeHy(6 cemecTp)

@DOTOCHMHTE3 KaK OCHOBA PHEPTETUKU M yCTOUMBOCTH Ouochepsl. Ponb pacrenuii B
pEIIEHUH IKOJIIOTUYECKUX MPOOIIEM.

[TurMeHTHl XJIOPOIUIACTOB: HX COCTaB, CTPOCHHE, CBOHCTBA. (OOYCIOBIEHHOCTH
(buU3MONIOrMYecKoil poiau MNUTMEHTOB MX CTpoeHHeM U cBoicTBamu. llonstue o
dorocucremax.

[Tpouecc ¢orocuHTE3a Kak COYETaHHWE CBETOBBIX M TEMHOBBIX pEaKIHUil, HX
B3aMMOCBS3b. DIIEMEHTapHas cxema (poTocuHTe3a.

Ponp cBera gna  ¢Qorocunresa. Duepretuka mpormecca.  OcoOeHHOCTH
doTodu3ruecKkoro 3Tama CBETOBOM (hasbl.

doroxumuyeckuil stan cBetoBoil ¢asbl. [lukmmueckoe dotodochopunuposanue:
0Cc00eHHOCTH (PYHKIIMOHUPOBAHHSI, OCHOBHBIE MMPOAYKTHI U SHEPTETHUECKHUI BBIXO/I.
doroxuMuyecKkuil 3Tan cBeToBol (a3pl. Hemukmmueckoe dhotodochopunupoBanue:
B3auMoJieiicTBHe ABYX (oTocucTteM, (OTOIU3 BOMBI, MPOAYKTHl U DHEPTETHUECKUN
BBIXO/I.

TemuoBast ¢aza ¢orocunreza. L{ukn KambBuna (C3-myTh TEeMHOBOH (ukcarmu
YIJIEKUCIIOTO Tra3a).

TemnoBas ¢aza dorocunresa. [ukn Xerua-Cimka-Kapnuiosa (C4-myTe TeMHOBON
¢bukcanuu yriaekucnoro ra3a). TemuoBas ¢asza ¢porocunrteza. CAM-MeTabonu3M, ero
aJaNTallMOHHOE 3HAYCHHE.

Dkonoruyeckue acnekTol (oTocuHTe3a. BrnusHue cBeTa U TemmepaTypel Ha
cOCTOsIHWE  (DOTOCMHTETHYECKOTO  ammapaTta W HMHTEHCHUBHOCTH  IpoIlecca.
OKOJIOTUYECKHUE IPYIIIBI PACTEHUH IO OTHOLIEHUIO K CBETY.

Jpixanue: gusuosornyeckas CymHOCTh MHOrooOpaszue myTed U ero 3HaueHue IJis
aJlaNTallMOHHBIX NPOLECCOB. POJb IbIXaHUS B KU3HU PACTEHUM.

MHuoroo0pasue myTei IpIXaTelIbHOro MeTadoIn3Ma U UX 3HauUEHUe.

JlpIxaHue Kak OCHOBa SHEPreTUKU M LIEHTP MeTa0oJM3Ma pacTUTENbHOW KIETKH U
LIEJIOCTHOTO PacTEHUS.

MsorooGpa3ue cBsizeit 1bIXaHus U GOTOCUHTE3A B PACTEHUH.

PocTt u pa3zButne pacTUTENBHOIO OpraHu3Ma, UX KpUTEPHUH.

PocT Kki1eTkH Kak OCHOBa pOCTa LEIOCTHOTO PAaCTEHHUS.

[Tpouecce! auddepeHnnanum KiIeTok U TkaHeld. TOTUIOTEHTHOCTh KIIETOK.

KynbTypa M301MpoOBaHHBIX TKaHeH: (yHIAMEHTAJIbHOE W TPUKIAJHOE 3HAaYEeHUE
MeTo/a.

Oco0eHHOCTH pocTa pacTUTENbHOro opranusma. [Ipopacranue cemsH.

Oco0OeHHOCTH pOCTa OPraHOB pacTEHUI: o0era, KOpHsL.

@UTOrOPMOHBI  KaK pETYJATOPbl pocTa M pPa3BUTUS PpacTeHUil. AYKCHHBI,
[IUTOKUHUHBI, THOOEPEIIITUHEI.

DUTOrOPMOHBI KaK PEryJsATOPbl pOcTa U pa3BUTUS pacTeHH. AOGCIIM30Bas KUCIOTA U
STHJIEH.

Poct kak uHTerpanmbHas QyHKIHS pacTUTENLHOTO OpraHu3Ma. Bzaumocss3b pocta ¢
IpYrUMHU (PU3UOTOTHUECKUMHU MTPOLIECCAMHU.

JIBrokeHus pacTeHuil, ux (Gpu3noIoruueckas pupoaa, TUIIbl JBUKEHUH.

Bnusinue BHEMIHUX (aKTOPOB HA MPOLIECCHI POCTA M PA3BUTHSI paCTEHUM.
I'opmonanbHas koHuenuus usereHus M. X. YainaxsHa.

doTonepuoan3M, €ro PoJib B )KU3HU PACTECHUM.

SpoBuzanus, ee GU3NONIOrHIECKUE MEXaHU3MBI.

DU3MOTOTUYECKHNE OCHOBBI YCTOMYMBOCTH PACTCHUM.



29. X0100CTOMKOCTh, MOPO30YCTOWYMBOCTh, 3UMOCTOHKOCTh, UX (DH3UOJOTUYECCKUE
MEXaHHU3MBI, aIAIITUBHAS POJIb.

30. XKapocToiikocTh pacTeHHH.

31. ConeyctoiunBOCTh. ['amopuThl ¥ rIMUKOMUTHI.

32. UnTerpanuus GU3NOIOTHUECKUX MPOIECCOB U €€ CBS3b C MPOAYKTUBHOCTBIO.

Kpurepun onenuBanus:

OueHKH «OTIUYHO» 3aCIYKUBAET CTYIEHT, OOHAPYKUBIINI BCECTOPOHHEE U TIIyOOKOE
3HaHME MaTepuaya, IPEeAyCMOTPEHHOIO MpOrpaMMol, B CPOK M Ha BBICOKOM YPOBHE
BBITMIOJTHUBIINI JIabopaTOpHbIe pabOThI, YCBOMBIINI OCHOBHYIO U 3HAKOMBI C JOMOJIHUTEIHHON
JUTEpPAaTypoi, PEKOMEHAOBAHHOW IMPOrPAMMOM, 3HAIOIIMHA OCHOBHBIE 3aKOHOMEPHOCTH
dotocuHTe3a, IBIXaHUS, MUHEPATBHOTO MUTAaHUS, BOJHOIO OOMEHa, pocTa U pPa3BUTHS,
YCTOMYUBOCTH PACTEHHIA; CBOOOAHO OPUEHTUPYIOIIMICS B MPOLIECCAX KUIHEIEATSIBHOCTH U UX
B3aMMOCBS3M B DPACTUTENbHO opraHu3Me. OTBEThl Ha BOMPOCHI JIOJDKHBI OBITH JIOTUYECKU
CTPOMHBIMH, MCUEPNBIBAIOIIMMU M 3aBEPIIATbCS KPATKUMHM BBIBOJAAMM, a IPOTrPaMMHbIN
MaTtepuas — TBOPUYECKH OCMBICIIEHHBIM.

OneHka «XOpOUIO» CTaBUTCS CTYAEHTY, OOHApyKMBIIEMY IIOJIHOE 3HAHHUE Y4eOHOTO
MaTepuana, NPeTyCMOTPEHHOTO TMPOrpaMMOM, YCIEIIHO BBIMOJIHUBIIEMY JabOpaTOpHbIE
paboThl, YCBOMBIIEMY OCHOBHYIO JIMTEPATYPy, PEKOMEHJOBAHHYIO IO MPOTPaMMeE, 3HAIOLIEMY
OCHOBHBIE IMPOU3BOICTBEHHBIE IIPOLIECCH] U B3AUMOCBSI3U MEXKY OTPACIIAMH.

OueHKH «yJOBJIETBOPUTEIBHO» 3aCIIYKHBAE€T CTYAEHT, IPaBWIbHO, HO HE TBEPHO
3HAIOUIMI OCHOBHOW Marepuai, MNPeIyCMOTPEHHBIM HPOrpaMMoil, OCBOMBIIMI BBIIOJHEHUE
1ab0opaToOpHBIX PaboT, HE 3HAIOMIMK CrIeM(UKH OCHOBHBIX TEXHOJIOTHH W TPOu3BOACTB. OTBET
OasupyeTcsi TONBKO Ha JIEKIMOHHOM Marepuale W ydeOHuke, pabota c 1ab0opaTOpHBIM
MaTepUajIoM OCYIIECTBISETCS C TPYIOM U C HEKOTOPBIMU OIINOKaMHU.

OneHka «HeyI0BIETBOPUTEIBHO» BBICTABISAETCS CTYIECHTY, B 3HAYUTEIBHON CTENIEHU HE
YCBOMBILIEMY Marepual, TMpeAyCMOTPEHHBIH NpOrpaMMoOi, HE BIAJCIOIIEMY HaBbIKAMU
nabopaTopHOil paboTBHI.

7.1lepeyeHb OCHOBHOI M 1OTOJHUTEJIbHON y4eOHOM JINTEpaTypbl
7.1. CicoKk OCHOBHOI JIUTEPATYPHI

1. Kysueyos, B.B. ®uzuonoruss pactemnii B 2 T1. Tom 1: y4yeOHUK IS
By30B /B. B. Ky3nenos, I'. A. JImutpueBa. — 4-e u3a., nepepab. m nomn. — Mocksa:
UznatensctBo FOpaiit, 2020. — 437 c. — (Boiciee obpazoBanue). — ISBN 978-5-534-
01711-3. — Tekcr: AIIEKTPOHHBIN /I9BC Opaiit [caiiT]. —
URL.: https://urait.ru/bcode/449919

2. Kysmeyos, B.B. ®usnomorusi pacrenuii B 2 1. Tom 2: y4eOHHK UIs
By30B /B. B. Ky3unenos, I'. A. JImutpueBa. — 4-e¢ uza., mepepab. u mom. — Mocksa:
WznatenberBo FOpaiit, 2020. — 459 ¢. — (Bricmiee odpazosanue). — ISBN 978-5-534-
01713-7. — Texkcr: AIIEKTPOHHBIN //9BC IOpaiit [calT]. —
URL.: https://urait.ru/bcode/451478

3. Illanghunosa, O. @. Ou3nonOrUs pacTeHUil ¢ OCHOBAMHU MMKpPOOMOJIOTHH: Y4€OHMK WU
NPaKTUKyM Ui cpenHero mpodeccuonanbsHoro o6paszoBanus / O. ®. [Tandwunosa,
H. B. IlunpumkoBa. — 2-e u3a., uchp. — Mocksa: MznatensctBo [Opaiit, 2020. —
185 c. — (Ilpodeccuonanproe obpazoBanue). — ISBN 978-5-534-10601-5. — Tekcr:
anekTponHsli // IbC Opaiit [caiit]. — URL: https://urait.ru/bcode/455967

7.2. CIUCOK 10NOJIHUTEIbHOM JTUTEPaTypPhI
1. TaBpunenko B.®., Xwuramoa T.B. Bbonwmoit mpaktukym mo ¢oTtocuntesy. — M.:
Academia, 2003.
2. T'aBpunenko B.®., I'yces M.B., Hukutnna K.A., Xoddman Il. 'maBer ¢usnonorun
pactenuii. — M.: u3g-so MI'Y, 1996.
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How

7.3. IlepeueHb pecypcoB HH(POPMALMOHHO-TEJTIEKOMMYHUKAIIMOHHOM ceTU «HTepHET»

1. http://fizrast.ru/

2. http://bio.sfu-kras.ru/files/1839 Konspekt lekcii_Fiziologiya rastenii.pdf

3. Hayunas snexrponnas oubnauoreka: http://txt.elibrary.ru/

4. Hayunas oubnuotexa Cankt-IleTepOyprckoro rocyapcTBEHHOTO YHUBEPCHUTETA!
http://www.lib.pu.ru/

8.MaTepuajbHO-TeXHHYECKOE 00ecrieyeHmne
Jlekuuu nmo pucuumianHe PuU3MoiIorUs pacTeHUil mpoBoasTcs B ayn.43. B xoxe yreHus
JEKIMA TMPOBOAMUTCS TIOKa3 TMPE3CHTAlMK, BHAeOocHainoB u (Qororpaduii ¢ MOMOIIBIO
MyJIbTUMeANHHOro npoektopa. HoytOyk "Lenovo" (ayxn. 43); IIpoekrop (ayxn. 43)
JlaGopaTtopHble 3aHATHS 1O AucHUIUTMHE @OU3HONOTHS PACTEHUH MPOBOIATCS B
CriellMaIu3upoBaHHON Taboparopun (ayn.34).
CamocTosTenbHast paboTa CTYAEHTOB IPOXOIUT B ay.12 (KOMIBIOTEPHBIN Ki1ace).

9.1porpammHoe oGecrieyenue

MicrosoftOpenLicense (WindowsXP, 7, 8, 10, Server, Office 2003-2016), awumeH3us
66975477 ot 03.06.2016 (6eccpouno).

Oo6yuaronmumest obecrieuen goctyn k OBC «fOpaiity, ObC «IPRbooks», moctyn B
AIIEKTPOHHYIO HWH(OPMAIIMOHHO-00pa30BaTEbHYI0 Cpely YHUBEPCHUTETa, a TaKXKe JOCTYN K
COBPEMEHHBIM TNpOo(ecCHOHaNbHBIM 0a3aM JaHHBIX ¥ HWH(POPMALMOHHBIM CIIPAaBOYHBIM
CHCTEMaM.


http://fizrast.ru/
http://bio.sfu-kras.ru/files/1839_Konspekt_lekcii_Fiziologiya_rastenii.pdf
http://txt.elibrary.ru/
http://www.lib.pu.ru/

