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BBEJIEHUE

JlabopartopHbie  3aHATHA  —  OOS3aTEIbHBI  KOMIIOHEHT
TUCUUTUIUHBL  "®U3HOoN0orus pacTeHuil", M3ydaeMmblil CTyJeHTaMu Ha
BTOpoM Kypce. C MOMOIIBI0 JIADOPATOPHBIX 3aHATHHA OO0yYaronuecs
MOTYT 3aKpenuTh paHee TIOJyYeHHbIE HAaBBIKU M OCBOUTH HOBBIC
METOJIMKH, HampuMep, MO0 MHUKPOCKONMHMYECKON TEXHHUKE, aHaJIu3y
BELIECTB C IOMOIIBI0O MUKPO- M TMOJTYMHKPOMETO/A, OpraHH3alud U
MPOBEJICHUIO HCCIIEIOBAaHUI C TMOMOIIBIO METOAOB IOYBEHHBIX,
MECYAHBIX WM BOAHBIX KYJIBTYP U MHOTOE JPYTOE.

Takum o00pa3oM, CTYIZEHTHI B XOJ€ J1a0OpaTOpHBIX padoT
[I0JIy4aroT HEOOXOAUMBIM 00bEM 3HAHUI M yYMEHUH, KOTOPBIA HYKEH
YUUTENIO OHOJOTUU Uil TPOBEIACHHS COOTBETCTBYIOIIUX YPOKOB C
yYallUMHCS ~ WIM  OpraHW3alMd ¢  Y4YCHMKaMH  BHEKIIACCHOM
HAy4YHOMCCIIEIOBATENbCKOM paboThl. OJHAKO HE TOJNBKO OBIAJCHHE
MIPAKTUYECKUMHU HaBbIKAMU npecieayeTcs n1abopaTopHBIM
MPaKTUKYMOM 110 (usnonoruu pacteanid. Cama o cebe manHas Gopma
00y4eHHs CIOCOOCTBYET DPAa3BUTHIO Yy CTYACHTOB HAy4YHOH (HOpMBI
MBIIUICHUS, JIOTHKH, YMEHHIO JIOKA3bIBaTh M OTCTaWBaTh CBOIO TOUKY
3peHHsl, CIOCOOHOCTH paboTaTh B KOJUJICKTUBE W COBMECTHO pelaTh
MOCTaBJIEHHbIE 3aJjaud. B  J[aHHBIX METOIMYECKHX  YKa3aHUsX
NpPUBEJCHBl  OMUCAHHUA U TIOCJIEJOBATENILHOCTh  BBINOJIHEHHS
JabopaTOpHBIX paboT 1Mo Temam «DU3HOJIOTHS PACTUTEIHLHON KICTKU,
«BomHBII  pEeXMM W MHUHEpPAJIBHOE IIMTAHWE Y  PACTCHMII»,
«DoToCHUHTE3», «J[pIXaHue» u T.1.

JUia  kaxzaoro J1abopaTOpHOTO 3aHATUS B METOAMYECKUX
yKa3aHUSIX MOMUMO BCeX HEOOXOAMMBIX yKa3aHMH M PEKOMEHJAIMi
NPUBOAATCSA KPaTKUE TEOPETUYECKHE CBEJCHHs, MPU3BAaHHBIE MOMOYb
CTYAICHTY BCIIOMHMTb WJIM YCBOUTh HH(OPMAIMIO MO KOHKPETHBIM
TeMaM, U3y4aeMbIM B JICKIIMOHHOM Kypce WM B JAPYTUX AUCIUIUINHAX,
C LENbI0 OCO3HAHHOTO W BJIYMYHBOTO BBHINOJHEHUS J1a00paTOPHBIX
pabot u 0OpMIICHHS OTYETOB TIO0 HUM.



Tema 1. DU3HOJIOTHA U BUOXUMUA PACTHTE/IbHOH
KJIETKH

PactutenpHass ~ kjeTka  SBISETCS  BBICOKOOPTaHM30BaHHOW
CHCTEMOM, OCYLIECTBIAIONIEH BCe XM3HEHHO BaxkHble (yHKuuu. OHa
HaXOJUTCS B COCTOSHUU TIOCTOSHHOW B3aMMOCBSI3U C JAPYTHUMH
KJIETKAMH PACTUTEJIBHOTO OpPraHu3Ma U C OKpYXKarollel Cpenou.
Kaxmoil u3 opranemn KIETKH HWMeeT CBOM (DYHKIMH. DTH (QYHKIHH
OCYIIECTBIISIIOTCS B YHHMKAJIbHOW BHYTPEHHEH cpene, CO3/1aBacMoii
U30MpaTeNIbHON TPOHUIIAEMOCTBIO W JAPYITHMH  CHEHU(PHYSCKHUMHU
cBoiicTBamu MeMOpaH. V30uparenbHas MPOHUIIAEMOCTh O3HAYAeT, YTO
pa3yYHBIC BEUIECTBA MPOHMKAIOT CKBO3b MEMOpaHy C pa3HBIMH
CKOpOCTSIMH, B OCHOBHOM II0 NMPHYMHE PA3HOW HX PACTBOPUMOCTH B
OTACNBHBIX KOMIIOHEHTaX MeMmOpanbl. IlomMmumo wm30MparenbHOM
MPOHHUIIAEMOCTH  JKUBOMY  COJIEP)KUMOMY  PACTUTEIIHOW  KIIETKH
OPUCYIIM TaKWe CBOMCTBA KaK pa3IpakeHUe, TeTepPOreHHOCTb,
BSA3KOCTh, 3JIACTUYHOCTD, ONpeNeeHHbIH auana3oH pH, ocMoTHueckuit
MOTEHIMAI U Jp.

Pa6ora 1. HaGaroaenue niaa3zMoJin3a u Aenjia3zMoJin3a

[Ipouiecc 00e3BOXKMBaHUS MPOTOIIACTA >KUBOM KJIETKH, TPU
KOTOPOM TPOTOIIACT HAaYMHAET OTCTaBaTh OT OOOJOYKU KIETKH
HazbIBaeTcs naasmonuzom (puc.l). Ilnazmonus sBisieTcs pe3ylbTaToM
OTCacbIBaHHUs BOJBI U3 KJIETOYHOI'O COKa KAaKHUM-JIHOO IIa3MOIUTHKOM.
[Ipu »>TOM Bakyosnb yMeHbIIaeTcs B o0OBeMe, a MpoToIvia3Ma,
YMEHBIAsACh B 00bEME, TIOCTETIEHHO OTACNISIETCSI OT O00JIOYKU KIIETKH.
B TakoMm cCoOCTOSIHMM KJETKa Ha3bIBAETCAd IUIA3MOJIU3UPOBAHHOM.
[Ipoiecc MPOTHUBOMONOXKHBIN TIa3MONU3y, KOTJa BoJa OOpaTHO
BCAChIBaeTCS B KJIIETOUHBIN COK U YBEIHMUMBAET 00bEM BaKyOJIH B TaKOU



CTCIICHU, YTO IIPOTOIIJIa3Ma HOPMAJIBHO IpUKATa K 000JI04Ke KJICTKHU,
HAa3bIBACTCS OENIA3MONUZOM.

Taxkum O6p8.30M, BOCCTAHABJIIMBACTCA TYPropHOE€ COCTOSAHUE
KIJICTKH. HpOHCCCI)I II1asMoJi3a u ACIIa3MOJIM3a XapaKTEPHBI TOJBKO
KHMBBIM KJIETKaM 1 OCHOBAaHBbI Ha IMOJIYIIPOHUIIACMOCTH IIPOTOILJIA3MBI.
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Puc.1. a — Typrop; ¢ — BOrHYTBHIii IJIa3MOJIHM3; C — BBINYKJbINA
MJ1a3MOJIU3

Xoa pa6orbl. HeoOxoaumo mOpUrOTOBUTH TOHKHH Cpe3 C
SMMUJEPMUCA OKPALICHHON 4YellyW JIyKa, a 3aTeM IOMECTHTb €ro B
MoJIsIpHBIN pacTBop Ha 20-30 munyT. [locne yero paccmMoTpeTh cHauana
IpU MajioM, a 3aTeM Ipu OOJIbLIOM yBEJIWYeHHMH MHKpockona. Korma
HACTYIUT OTYETJMBBIM IJIa3MOJIN3, 3apUCOBATH OTIENbHbIE KIETKH B
TeTpaau, a 3aTeM OTcocaTb PacTBOP M3-T0J IIOKPOBHOTO CTEKJIa
MOJIOCKON (hubTpoBanbHON Oymaru, BBECTH BMECTO HEro BOJY K Kparo
MOKPOBHOT'O CTEKJIa U HaOJII0/1aTh SIBIEHUE JEeTIa3MOJIN3a.

Marepuanbl U 000pyaOBaHHe. JIyK LIBETHOH, MUKPOCKOII,
IpeIMETHbIE U MOKPOBHBIE CTEKJA, OpHUTBBI, CTEKISHHBbIE MaJOYKH,
pactBop NaCl (monsipHblit), pubTpoBanbHas Oymara.

PaGora 2. Onpenesienne 0CMOTHYECKOT0 1aBJICHUS
KJIETOYHOI'0 COKAa METO0OM IIJIa3MOJIN3a
[[na3MonuTHUEeCKU  METOJ  OMNPENENICHUS  OCMOTHYECKOTO
JABJICHUSI OCHOBaH Ha SBJICHUU IUIA3MOJIM3a, HACTYMAIOIIEM MpU
MOTPY>)KEHUH PACTUTENbHOM KIETKM B PacTBOpP, KOHIIEHTpaLUs
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KOTOPOTO  BBIIE, YeM  KOHIEHTPAlUs  KIETOYHOTO  COKa
(runepronnveckuil pactBop). CreneHp miaazMmoiu3a (T.e. OTCTaBaHHE
MPOTOIJIaCTa OT KJIETOYHOH 000J04YKH) TeM OoJbIne, 4yeM OoJblie
pasHUIla B KOHIIEHTPAIMSIX HApY>KHOTO PacTBOpa M KIETOYHOTO COKa.
Ecnu nmopobpate pacTBop, Mpu NOTPYKEHUH B KOTOPBIA KIETKU OyIyT
oOHapyXuBaTh caMmylo cladylo, HadajgbHyl0 ¢opMmy (YII0BOM
wia3mMonu3). To 04eBHIHO, YTO KOHIIEHTPALUs 3TOTO PacTBOpa JIUIIb
HE3HAYUTEIIFHO MPEBHINACT KOHIEHTPAIMIO KIETOYHOTO COKa, T.€.
pacTBOp MPUOIU3UTEITHLHO MOKHO CUUTATh U30TOHUYECKHUM (pHc.1).

TAN@PTOHUYECKUIA W30TOHAYBCKU TUNOTOHWYECKUA

Mnaamonua Typrop

Puc.1. [leiicTBHe PpPacTBOPOB Pa3jJM4YHOH KOHIEHTPALMH HA
PACTUTEIbHYIO KJIETKY

Xoa pa6orsl. B mpobupkax rotossat no 10 ma 0.5 M, 0.4M, 0.3M,
0.2M, 0.1M pactBopa NaCl pa3baBieHreM TUCTHIUTUPOBAHHON BOJIOM
IM pactBopa »TOM conu. PacTBOpEl TIIATEIBHO NEPEMEIIMBANOT U
CTaBAT B PAJI 110 YOBIBAIOIIEH KOHIICHTPAITUH.

Jle3BueM Ge3omacHON OpUTBBI TOTOBSIT TOHKHE CPE3bI C BBIMYKIION
MOBEPXHOCTHU YEIIyH JIyKa U3 CPEAHETO XOPOIIO OKPAIIEHHOTO yYacTKa.

B pacTBOpBI, HaUMHAs ¢ BHICOKOW KOHIIEHTPAIIMH, Yepe3 KaKabIe 3
MHUHYTBI OIycKaroT mo 2 cpe3a. Uepe3 30 MHHYT Iocie MOTpyXKeHHs
Cpe30B B IEPBYIO MPOOUPKY UCCIEAYIOT UX MOJ MUKPOCKOIIOM B Karuie
pacTBopa M3 mepBoil mpobupku. Yepes 3 MUHYTBI paccMaTpUBAIOT
cpe3bl W3 BTOpoW mpoOupku. [lamee HaOmogaroT Ccpe3bl U3
MOCJIENYIONMUX  pacTBOPOB (MO  yOBIBaroOmed KOHIIGHTPAIlUH) C
WHTEpBAIAMH B 3 MHUHYTBl. OTHM JIOCTUTAeTCsl  OJWHAKOBAS



NpOAOJDKUTCIIBHOCTE HAXO0XICHUA CPC30B B PACTBOpAX, UTO SABJIACTCA
HCOGXO,[[I/IMLIM YCJIOBUCM OIIbITA.

OmnpenensioT CTerneHb MIa3MOoJi3a KIETOK B KaKJIOM PacTBOPE U
HAXOJIAT HU30TOHUYECKYIO KOHIICHTPAIIUFO KaK cpenHee
apu(pMeTHUECKOe MEXIy KOHICHTpAlUeH, MPH KOTOPOH IUI1a3MOJIH3
TOJIbKO HAYMHACTCS, U TOM, KOTOpasi HE BBI3bIBACT ILIA3MOJIH3A.

3Hasi H30TOHMYECKYIO KOHIICHTPAIMIO HAPY)KHOTO PACTBOPA.
BbI4KCIISIFOT OTEHITHATBHOE OCMOTHYECKOE JIaBIICHUE KICTOYHOTO COKa
(P) mo popmyme:

P=RTCi,

I'me R - rasoBas nocrostnHasi, paBHast 0.0821 i atm/rpan Mob;

T- abcomorras Temmneparypa (273°C + temreparypa KOMHATHast);

C- n30TOHMYECKAs] KOHIICHTPAIIHS B MOJISIX;

I- I30TOHMYECKHN KOA(PPHUIIMESHT. XapaKTePU3YIOIINNA HOHHU3a-
o pactBopa (s NaCl u KNO3 pasen 1.5, ast caxapossr — 1 ).

BenuunHy — MOTEHIMAILHOTO OCMOTHYECKOTO JTABJICHUS
KJIETOYHOTO COKa MOXXHO BBIYHCIUTH H 00JIee TPOCTBIM CIIOCOOOM.
W3BecTHO, Hampumep, YTO OCMOTHYECKOE JIaBIIEHUE HOPMAaJIbHOTO
pactBopa caxaposbl paBHo 22.4 atm., a pactBopoB NaCl u KNO3 pasuo
33.6 arm. CnenoBarenbHO, BBIUMCIECHUE MOXXHO MPOU3BOAUTH TAKUM
o0OpazoM:
IUISL Caxapo3bl.

I mons  -22.4 atMm.

0.25 mons - x

x=224x0.25=15.6 atm.

1
mit NaCl 1 momb
—33.6 at™m.
0.25 Mot - X
33.6x0.25
X = I =8.4arm

PGSYJ'II)TaTI)I OIIbITA 3aIIMCHIBAIOT B Ta6J'II/IHy1



Konnenrpanus [IponomKxuTensHOCTD Pesynbrarel HaOmoaeHus1| BoiBoabl
PacTBOpOB, npeObIBaHuUs Ccpe3a B
MOJIH pacTBope
Bpewms Bpewms CreneHb PHUCYHOK
HOTPYXK. | HaONIONCHUS | IUIa3MOJIH3a
0.5
0.4
0.3
0.2
0.1

Marepuaiabl u ofopynoBanme: 1BeTHOM Jyyk, pactBop NaCl,
IpEeJMETHbIE U TOKPOBHBIE CTEKJA, CTEKJISHHBIE MaJOYKH, OIOKCBHI,
¢unbTpoBanbHas OyMara, MHKpPOCKOIBL. BpuTBBI, IpenapoBaibHbIE
UTJIBL.

Pa6ora 3. OnpenesieHne sKU3HeCIOCOOHOCTH CeMSIH I10
OKPAIIMBAHUIO HUTOIIA3MBI

Meton  okpammMBaHMSL  CeMSH  JUISL  ONpPENENECHMUs]  UX
KU3HECIIOCOOHOCTM  OCHOBaH  HAa  HENPOHULAEMOCTH  KUBOU
LUTOIUIA3MBbI JIJIs1 HEKOTOPBIX KPACOK (MHIUTOKApMUH KUCIBIH (yKCHH
), TOT/1a KaKk MepTBasi IIUTOIIa3Ma JIETKO MOKPAIIBAETCS.

Xon padorer: Merox Henrodosa. CemeHa ropoxa, HAMOYEHHBIE
B TeueHue 184 mpu 20°C, 0CBOBOKIAIOT OT CeMeHHOM 060m0ukm. 10
ceMsH, noMernaroT B 0.2-HbI pacTBOp MHAMIOKapMHHA Ha 2 4aca MpH
30°C. 3areM KpacKy CIMBAIOT, CEMEHA MPOMBIBAIOT BOIOIPOBOIHOIN
BOJIOM M YCTaHABJIUBAIOT UX )KU3HECTIOCOOHOCTb.

CemeHa ¢ HEOKpallleHHBIMH KOpEIIKaMU U cl1abo OKpalleHHbIMU
CeMAJONMSAMH OTHOCST K JKHU3HECHOCOOHBIM. CeMeHa C IOJIHOCTBIO
OKpAaIIeHHBIMU KOpeIIKaMu U CeMsI0JIIMU HPU3HAIOT
HEXHU3HECTTOCOOHBIMHU.

Meton UBanoBa. Cemena nmeHuns! (10mr.), HaMOYEHHbIE B
teyenue 104 mpu KOMHaTHOU Temneparype. Pazpesarot B1ojib 60po3aKu
u nomemarT Ha 15 muHYT B 0.2%-HBIM pacTBOp KUCIOTO (PyKCHHA.
Kpacky cauBaroT, ceMeHa MpOMBIBAIOT BOJOH M, pa3JIOKHUB HX
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MUHIETOM Ha (GWIBTPOBAIBHOM Oymare, OIIPEAEIAIOT
’KU3HECIIOCOOHOCTb.

VY KHM3HECTIIOCOOHBIX CEMSH 3apOABbIIIM HE OKpalleHBl, a Yy
MEpTBBIX WM CHJIBHO MOBPEXKICHHBIX — OKpAIICHBI Ooyee Wi MeHee
MHTEHCHBHO.

3apHuCOBBIBAIOT 1O 2 JKU3HECHOCOOHBIX M HEKH3HECIIOCOOHBIX
CEeMEHU ropoxa M IMIICHUIbI. J[enaioT BBIBOIBI.

Marepuajbl u o00opyaoBaHue. YOWTHIE M JKHBBIE CEMEHa
NIICHUIBI ¥ TOopoXa, NUHIET, Jje3Bui. DunpTpoBanbHas Oymara.
[TpenapoBasibHbie UTbL, Tybl 0.2%-HBIH pacTBOp KHCIOTO (yKCHHA H
0.2% - pacTBOp MHAUTOKAPMHHA.

Pa6ora 4. [IponunaeMocTh KUBOIi U MEPTBOM MPOTOMJIA3MbI
JJISl KJIETOYHOI0 COKA

Kusas npotoruazma obaanaeT n30MpaTeaIbHON MPOHUIIAEMOCTBIO
(MONMYyNPOHUIIAEMOCTBI0),  KOTOpasi ~ OOecClleYMBaeT  COXpPaHEHHE
IIOCTOSIHCTBA ~ BHYTPHUKIIETOYHOM  CpEnpbl. I[Ipu  paspyuweHun
CYOMUKPOCKOIIMYECKON  CTPYKTYphl MPOTOIJIA3Mbl 3TO CBOMCTBO
TEpsIeTCsl, 1 OHA CTAaHOBUTCS NPOHHULIAEMOM Ul BCEX BELIECTB, B TOM
4KCJIe U Ui KJIIETOYHOTO cOKa.. [Ipy 3TOM MHTEHCUBHOCTb BBIXOJlAa COKa
U3 KJIETKH CIIY)KUT KPUTEPUEM €€ TIOBPEXKICHUS.

Xon paOorbl. M3 oOuMIEHHOM KpacHONM CBEKJIBI CBEPIIOM
nuametrpoB 0.7-0.8cM OepyT KyCKH LMIMHAPUYECKONH (POpMBI JUITMHOMN
4cM M TUIATENBHO TPOMBIBAIOT BojAoM. llpeaBapurenbHO B YeThIpe
npoOupku HanmuBaloT 1o 10MJI pa3iIMYHBIX PACTBOPOB: B TMEPBYIO —
30%-Hyr0 YKCYCHYIO KHCIIOTY, BTOpyto — 50%-HbII criupT, TpeThio H
YETBEPTYI0 — BOJOINPOBOJHYIO BOJYy. 3aTEM B IIEPBYIO, BTOPYIO H
YEeTBEPTYI0 MPOOUPKH OMYCKAIOT MO OJHOMY KYCOYKY TKAaHU CBEKIJIBI.
OnavH U3 KyCOYKOB CBEKJIbI KUIATAT B OTJEIBbHON KOJO€ WK MpoOupKe
B T€UEHHE 2 MUHYT, OXJAXJAIOT U OMYCKAIOT B TPEThIO MPOOUPKY C
XOJIOAHOU BOAOMPOBOAHON BoAoW. Bee mpoOupku B Teuenue 30 MUHYT
CTOAT B LITaTHBE, IOCJIE€ YEr0 MX MHTEHCHBHO BCTPSXHUBAIOT, KYCOUKU
CBEKJIbl H3BJIEKAIOT M B KaXI0M OTMEYAIOT OKPAacKy IKUAKOCTH.
Pe3ynbTaThl 3anMChIBalOT B TaOIHILY:



Bapuanr omsita Oxpacka KHJIKOCTH B [Monynponunaemocts
npooupke MPOTOILIA3MBbI

chyCHaH KHCJIOTa

Crupt

Ilocne kunsgueHus

KonTtpons

Marepuanbl u 000pyl10BaHHe. KpacHas CBEKJa; MPoOOUYHOE
CBEpJI0; CKaybIenb; npooupku; 30%-Has ykcycHas kuciora; 50-%Hblii
CIIUPT; CIIMPTOBKA; JIMHEHKA.

Pabora 5. Onpenesnenune cocymei CHJIbI PACTUTEIbHOH TKAHU
METO/IOM T0JIOCOK

Cocyweti cunou KIETKUA Ha3bIBae€TCA Ta CHJIA, C KOTOPOM KIiEeTKa
BcachlBaeT B ce0s BOAY H BBIpAXKACTCI PA3HOCTBIO  MEXIY
OCMOTHYECKMM JaBJIeHHeM # Typropubim: S = P — T. Omna
XapakTEepU3yeT BOJHBIM TMOTEHIMAT TKAaHU U €€ OIpeAesIeHHue
HEOOXOIUMO JUISI BBISBICHUS YPOBHS OOC3BOKMBAHHS PACTCHHNA U
CBOEBPEMEHHOI'O MPOBEJACHUS BEreTAIIMOHHBIX IOJUMBOB B YCIOBHSX
OpOLIEHHUS C/X KYJIBTYP.

Meroa moJIOCOK OCHOBAaH HAa M3MEHEHHHM PAa3MEpPOB TKAHEW Moj
NEHUCTBUEM pACTBOpPOB. Ecnu KOHIIEHTpauMs pacTBOpa B KOTOPOM
MOTPY>KAETCs TIOJIOCKA TKAHU, HUKE KOHIIEHTPALMU KJIETOYHOTO COKa,
Boja OyJeT BCaChIBATBhCS PACTUTEIBHOM TKaHbIO, M OH Oyner
YBEIUYMBATHCA B CBOMX pasMmepax. M, HaoOOpoT, mpu MOTPYKEHUU B
pacTBop ¢ Oosiee BBICOKON KOHIIEHTpallMed IOJIOCKAa TKaHU OyaeT
yMmeHbaThcsi. OCHOBHaAs 3a7a4a CBOJUTCS K ToMy. UToOBI moao0paTh
pacTBOP MpHU MOTPYKEHUH B KOTOPBIN pa3Mepbl TKAHU HE U3MEHSIOTCS.

Xoa padorbl. B Heckonbkux mpoOupkax. PaccTaBieHHBIX B
mITaTWBE,  I[PUTOTABIMBAIOT  PaCTBOPHI NaCl  pa3nuuHbIX
KOHIIeHTpauuii. B kaudecTtBe ucxogHOro wucmnoisbdyercs 1M pactBop
NaCl, u3 xoroporo myrem pa30aBieHUS IUCTHUIMPOBAHHOW BOIOU
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npurotaBiuBaioT 1mo 10M pacTBOpoB HEOOXOAMMOM Ui OmbITa
KOHIEHTPALUEH.

3areM ¢ MOMOIIbIO MPOOOYHOrO CBepiia U3 KIyOHS KapTodens
BBIpE3al0T 5 MOJ0COK MIMHOU 1.5-2cMm. KOHIBI UX Cpe3arT HAaUCKOCh
(WM  BBIPE3alOT CKaJbIENEeM JUIMHOM 3cM W cedeHueM 4Mm).
MWuMMETPOBOM  JIMHEHKOW M3MEpAIOT HUX JUIMHY, [OBEPXHOCTh
MOJICYIINBAIOT (PHIBTPOBATIBLHONW OyMaroi W MOMEIIAIOT B PAaCTBOPHI C
uHTepBaiaMu B 2-3 muH. [locine 20 MuH nmpeObIBaHUS B PacTBOpaxX HUX
BHOBb HM3MEpSIOT. PacTBOp, B KOTOPOM JUIMHA TOJOCKU OCTalach 0e3
U3MEHEHUS OYAeT U30MOHUYHLIM KIETOYHOMY COKY JaHHOW TKaHHU.
Pacyer BenuuuHBI coCylleil CHIIBI MPOU3BOAUTCS, TaK kK€ KaK U B
paboTe Mo OnpeesIeHHI0 OCMOTUYECKOTO AaBiieHus. Pe3ynbTaTsl omnbiTa
3alUCHIBAIOT B TAOIHILY:

Koni-us [IponomxuTeNnbHOCTD JnuHa TKaHu, MM BriBoabl
pacr-oB, | HPeOBIBaHUA Cpe3a B pacTBOPE
MOJIU Bpewms Bpewms Ilepen ITocne
HOrpyKeHHUs | HaONMIOAEHUSA | morpyxkeHueM | IpeObIBaHHA
B p-p B p-pe
0.5
0.4
0.3
0.2
0.1

Marepuanbl 1 ob0opynoBaHue: KIyOHU KapToQess; pacTBOPHI
NaCl; mpoOupku; mnpoOOYHOE CBepso; JHMHEHKa; (QUIBTPOBAIbHAS
Oymara; ckaJjbpIelb; IpenapoBajibHas Ura.

Pabora 6. Onpenenenne cocyuieii CHIbl TKAHU METOA0OM
crpyek (mo lllapnakosy)
JlaHHBI METOJI OCHOBAH HAa TOM, YTO KOHIIEHTpaLHUs pacTBopa 3a
BpeMsl TpeObIBaHUS PACTUTENHLHOM TKAaHU H3MEHSETCSl BCIEICTBUE
oOMeHa BOJIOM MEXy KJIeTKaMHU U pacTBopoM. Eciu TkaHb morpyskeHa
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B pacTBOp, cocyllas CUjia KOTOPOI0 MEHBIIE COCYUIEH CHUIIbI TKaHU, TO
KJICTKH TOTJIONIAl0T BOAY M3 pacTBOpa, W OH CTaHOBUTCS Oonee
KOHIEHTpUpOBaHHBIM. Hao00poT, npu morpy>keHuu TKaHU B PacTBOp,
cocylias cujla KOTOpOro OoJiblle COCylled CHIIbI TKaHU, PacTBOD,
BBITSITUBas  BOAYy W3  KieTok  TkaHu. CTaHOBUTCS  MeHee
KOHUEHTpUPOBaHHBIM. [loyb3ysich CBSI3bI0 MEXAY KOHLEHTpaLUed H
YIEIbHBIM BECOM pAacTBOPOB MOYKHO JIETKO OIPENENIUTh, UMEET JIU
cocylmas cujia TKaH! OOJBIIYIO WJIM MEHBIIYIO BEIMYUHY, YEM COCYILast
CHJIa pacTBOPA, B KOTOPHIN TKaHb ObLIa MOTPY>KEHA.

Xox pabGorbl. B mratuBe B Ba psAga paccTaBiSIIOT 1O S
npobupok. B mpoGupkax mepBoro psaa roroBar mo 10mi pactBopa
NaCl pa3nuuHbIX KOHIIEHTpaluili pa3baBienneM 1M pacTBopa 3TOM
COJIM AUCTUJUIMPOBAHHOM BOAON. PacTBOpHI TIIATEILHO IEPEMELTUBAIOT
u no lmi mepeHocAT B NpoOMpKH BTOporo psaa. Bce mnpobupku
3aKpBIBAIOT IPOOKaMHU.

[Ipn nmomouu npoboyHoro cmepia Belpe3atoT 30 BbICEUEK U3
JTUCTBhEB. [l 3TOro JUCT HMKHEH CTOPOHON MOBOpPAYMBAIOT BBEPX,
MOJIKJIAJIIBAIOT TIOJ] HETO PE3WHOBYIO TUIACTUHKY U MEXAY KPYIMHBIMU
KUJIKaMH BbIOMBAIOT BhICeUKU. OIMyCKaIOT M0 6 BhICEUEK HIDKHETO psiaa
Ha 40 wmuH. Yepe3d kaxnpie 10 muH. BcerpsixuBaioT npoOUpku C
BBICEUKAMM. 3aT€M CTEKJISIHHOM MaJO4YKOM BBIBOJIST BBICEUKU HA CTEHKU
npobupok. [loakpammBaOT ONbITHBIE PACTBOPBI B MPOOMPKAX BTOPOIO
psla METHJIEHOBOW CHHBKOW, B3SITOW B HEOOJBIIOM KOJHUYECTBE Ha
KOHYHKE MpEenapoBalIbHON Wbl BCTpsxuBaroT npoOUpKH, 10OMBasCh
PaBHOMEPHOM OKpacKu pacTBOpA.

B mnumetrky ¢ OTTAHYTBIM KOHIIOM HAOWpPAarOT MOJKPAIICHHbBIN
ONBITHBIA pacTBOp. KoHel NUIIETKH OIyCKAalT B COOTBETCTBYIOILMMN
UCXOJHBIA pacTBOp B NMPOOUPKE IMEPBOrO psiia TaK YTOObI HIKHHUM
KOHEI| MWIETKH OBl MOrpyKeH B pacTBop Ha 2-3cm. MemieHHo
BBIIYCKAIOT XUAKOCTh W3 IUIETKH B HMCXOJHBIM pacTBOp, OTMeuas
HampaBlieHWe  JBWKeHUs  cTpyiiku. Ecim  koHueHTpauus W,
CJIEJOBATEIBHO, YJEIbHBIA BEC OKPALIEHHOI'O PAacTBOPA YBEJIWYWINCH,
110 CPAaBHEHHUIO C UCXOJHBIM, TO CTpYHKa MOIIeT BHU3, €CIIH, HA000POT,
KOHLIEHTpaLUsl YMEHBIIWIIACh — CTPYyiiKa noiaer Beepx. [Ipu paBeHcTBe
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KOHLICHTpallUld  CTpPyHKAa PaBHOMEPHO  DPACIPENEIACTCS  BHYTPHU
MPOOUPKH C UCXOTHBIM PACTBOPOM.

Benumuuny cocymieid  cWiibl IO HAWJAEHHOM W3 OIbITa
HEU3MEHUBIICHCS KOHIIGHTPAIMA PACCUMUTHIBAIOT 1O ¢dopmyse (CM.
MpEeABIIYITYIO padboTy). Pe3ynbTaThl ONbITAa 3aIIUCHIBAIOT B TAOJIHILY:

Konnentp. NaCl Hanpasnenue crpyex Cocymas cmia, aTM.

0.5

0.4

0.3

0.2

0.1

Matepuajbl M 000pylOBaHHMe: TepaHb, LITATUB; MPOOMPKH;

rpagyvpoBaHHble THUNETKH Ha 10 MII; cBepso; pe3nHOBas IIACTHUHKA,
nuHIeT; yackl; 1M pactBop NaCl; MeTuneHoBas CHHBKA.
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Tema 2. DOTOCUHHTE3

domocunmes — TPOLIECC YCBOCHUS PACTCHUSAMU CBETOBOH
SHEPTUU U UCHOIb30BaHUS €€ /11 00pa30BaHUs OPraHUYECKUX BEIIECTB
U3 IUOKCUA yriiepoja u BoAbl. B xone sToro mporecca B atMochepy
BbIIEISIETCST  KUCHOpoA. DOTOCHHTE3 OCYIIECTBIISIETCS MPU YYACTUH
MHOTHX (EpMEHTOB M KO(AKTOPOB. YCIOBHO B HEM BBIJCISAIOT JBE
CTaguH: CBETOBYIO, WIH (OTOXUMHYECKYI0O, U TEMHOBYIO, WIH
XuMU4ecKyto. [lepBas BKIIOYaeT peakuuy MOTJIOMIEHUS XJIOPO(PUILIOM
U JpYrMMH IUIMEHTaMHd KBAaHTOB CBE€Ta M  IOCJIEAYIOIIYIO
TpaHCcQOpMAII0 CBETOBOIl HHEPrUM B XMMHUYECKYIO IHEPIHIO CBsI3eil
AT® u BoccranosiaenHoro HAJ/I® H. B temHOBO#1 cTaguu 3amaceHHast
B popme AT® u HAJI® H xumuyeckass sHEprusi UCHONB3YETCS IS
BOCCTAaHOBJICHUS AKLENITUPOBAHHOTO JTMOKCH/IA YIVIEPOAA A0 YIJIEBOIOB
U APYTUX MPOJIYKTOB.

VY BbICIIMX pacTeHW (OTOCHHTE3 MPOTEKAECT B CIHEIHAIBHBIX
KJIETOYHBIX OpraHeulax JIMCThEB (M JPYTUX 3€JlEHbIX 4YacTei) —
XJIOPOIIACTAX, YACIO KOTOPBIX B KJIETKAX BAPBUPYET B 3aBUCUMOCTH OT
BHJIa DPAcTeHUs] M TKaHU. B OJHOW KIETKe JucTa B CpEIHEM
npucyrcrByer  20...30 xnopomactoB. OOpasyromuecs B IJIaCTUAAX
IIPOAYKTHl aCCUMWISILIUN TPAHCIOPTUPYIOCSA B IPYTHe OpraHbl U TKaHU
pacTeHus, I7ie UCIOIB3YIOTCS B IPOLIECCe METab0IM3Ma U pOCTa.

Pa6ora 1. Onpenesienne XUuMH4YECKHX CBOHCTB MUTMEHTOB JIUCTA
[IurMeHTHas cucTeMa XJiopoIriacTa MpeAcTaBieHa IByMs THIIAMU

NUTMEHTOB: 3eJeHbIMH — XxJopodumiamu «a» CssH720sNsMg
xmopodumr  «B» CssH700sNaMg; xenteimu  — kapotuH CaoHss,
KCaHTO(HILT

Ca0Hs602.

IlonyyeHne CHUPTOBOrO0 pacrBopa (BBITSKKH) IHMIMEHTOB.
[IurMeHTBl W3  pacTUTENBPHOM TKAHM  M3BJIEKAKOT  IOJSPHBIMU
pacTBOPUTENSIMU (ITUJIOBBIM CIHUPT. ALETOH), KOTOpbIE pa3pyIIatoT
CBSI3b XJIOPOGWIJIOB U KCAHTO(MWIUIOB C JIMIIONPOTEUIaMH TUIACTUA U
TEM caMbIM 00ECIIEUMBAIOT UX MOJIHOE HKCTPArUpPOBaHHE.
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CBexue HWIM CyXHe JIUCThS MEJIKO Hape3aTb M pacTepeTbh B
dapdoposoii ctynke B 3-4 mn 96%-Horo cniupta. B nony4yennyro maccy
npubasisgeM 8-10Mi1 3THIIOBOrO CIMpTa M MPOJOJKAEM PACTUPATh 10
HOSIBJICHUSI 3€JI€HOro OKpamuBaHus. [losyueHHyI0 crUpTOBYIO Maccy
GuIBbTPYIOT Yepe3 ckiaguaThlii  QWIBTP B CyXyl IpOOMpPKY U
MOJy4YaroT  CHHPTOBYID  BBITSDKKY — XJOpodmiia,  MMEIONIYIO
MHTCHCUBHYIO 3€JICHYIO OKPACKY.

Pasnenenne mnurmenroB mo Kpaycy. Merox ocHoBaH Ha
pa3NUYHOM pAcTBOPUMOCTH NUTMEHTOB B COHpPTe U OCH3MHE.
VYKazaHHbIE PACTBOPUTENN B OJHOM COCYZA€ HE CMEIIMBAIOTCS, a
00pa3yroT 1Be (a3bl — BEPXHIO OCH3MHOBYIO U HMKHIOIO CIIUPTOBYIO,
Onarozaps 4emy pasziessitoTCsi KOMIIOHEHThl CMECH TUTMEHTOB.

B npoGupky HanmBaroT 2-3MII CIUPTOBOTO 3KCTPAKTA MIUTMEHTOB,
no6aBnsitoT 3-4mn OeHswHa W 1-2 Kamum JUCTHIUTUPOBAHHON BOIBI.
Conepxumoe TPOOMPKH CHIIBHO BCTPSAXHMBAIOT, IPEIBAPUTEIBHO
3aKppIB €€ MNpoOMpKOW uiaM OOJBIIMM HalbLEM, U OCTaBISAIOT
orctosAThcs. Ilo Mepe paccimoeHust smyinbcun OCSH3MHOBBINA cloi Oyzner
OKpAIlIMBaThCS B 3€JCHBIM LIBET M3-3a JIy4yllleld pacTBOPUMOCTH B HEM
xymopoduiuioB. B OeH3WH mepexoauT KapoOTHMH HO €ro OKpacka
MacKupyercss — Okpackoil xmopodmura. Kcantodumn ocraercs B
CIIUPTOBOM CJIO€ M MIPHUIAET EMY 30JIOTHCTO-XKENTYIO OKPACKY.

OmbuieHue xJopoduiia meaoubto. O6pabdareiBas XJ10popUILI
[IEJI0YbI0, MOXXKHO BBI3BATh OMBUIEHHE JQUPHBIX TPYNM, T.C.
OTIICTIJICHHE OCTATKOB METHIIOBOTO CIIUPTA U puTONA:

COOCyH3g COONa
/ /
MgNOH3,C3, + 2NaOHO MgN4OH3,C3, + CyoH3gOH + CH30H
\ \
COOCH; COONa

OOpasyromasicss MpH 3TOM COJb XJIOPOPWIIMHOBOW KHUCIOTHI
COXpPAHsIET 3€JEHYI0 OKpacKy T.K. HE 3aTpOHYT aTOM MarHus, HO
OTJIMYAETCs OT Hero OobIIeH rHAPO(UIBHOCTHIO.

Xoa paGorbl: B npobupky ¢ 2—-3 MII BBITS)KKM IUTMEHTOB
no6asuth 1-2 xamm 20%-noro pactBopa NaOH. IIpobupky HarpeTs Ha
BOJSHOM OaHe 10 3akumaHus B Hed pactBopa. llocie oxnaxaeHus
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n00aBUTh B TPOOMpPKY 2-3 M OeH3uHA M 2—3 Karid BOABI (IS
TY4IIeTo pa3AeNieHUus] CMEeCH). 3aTeM COACPNKUMOE MPOOUPKUA CUIBHO
BCTPSIXHYTh M JIaTh OTCTOSThCS. B mpoOupke NOMKHBI TPUCYTCTBOBATH
JBa CJIOSl: HIDKHUN (CIIUPTOBBIM), OKpAIICHHBIM B 3CJICHBIA IIBET;
BepxHUH (OCH3WHOBBIN), OKpAIICHHBIM B JKEATHIM IBET. B crupToBOM
CIIO€ PACTBOPEHBI HATPHUEBAs COJb XJIOPOPHIUIMHOBOH KHCIOTHI U
KCAaHTOQWIUTBI, OKpacka KOTOPBIX Mackupyercs xiopodumuiom. B
OCH3MHOBOM CJIO€ PAaCTBOPEH KapoTHH. B KoHIle paboThl 3apHcOBaTh
KapTUHY pa3eleHUs] MTUTMEHTOB ITOCJIe OMBUICHHS XJIOpOodUIIa.

JeiicTBHe KHCJIOT HA XJIOPOPMIII. ATOM MarHusi CpaBHUTEIBHO
ciabo yxaepkuBaerca B NOPGUPHMHOBOM sijpe XJopodwiia U MpH
OCTOPO’KHOM BO3JCMCTBUM CHJIBHBIX KHCJOT JIETKO 3aMEUIaeTCs JBYMs
poToHamu ¢ oOpa3oBanueM (hpeopuTuHa_ Oyporo mBera:

COOCyH3g COONa
/ /
MgNOH30C32 + 2HCIO NOH3,Cs, + MgC|2
\ \
COOCHj; COONa
CrnenoBaTenbHO, I[BET XJIOPOPUIIIOB 00ycIOBIICH

METAJIJIOOPTaHUYECKON CBS3BIO B UX MOJIEKYJax.

Xoa pa6orsi: B aBe mpoOupKu HaiauTh MO 2—3 MJI CIIUPTOBOTO
pacTBopa MHUIMEHTOB M MpHOaBUTHh MO OAHOW-ABe Kariu 10%-Hoi
COJISTHOM KMCIJIOTHI. 3eJIeHasi OKpacka pacTBOpa MepexoauT B Oypyro, Tak
Kak oOpazoBaiucs geodputruH. OnHy NPOOUPKY OCTABUTH ISl KOHTPOJIS,
BO BTOPYIO BHECTH HEOOJBIION KPUCTAIUIUK YKCYCHOKHCIION MeIu U
HarpeTh pacTBOP Ha BOJSHOW OaHe 0 KureHus. bypelil BeT pacTBOpa
U3MEHUTCS Ha 3€JIEeHbIM, Tak Kak [pou3onuio oOpa3oBaHUE
XJIOpPO(UILIITPON3BOIHOTO MEJIH:

COOC4H3g
/
CuN4OHaocs2

\
COOCH;

B konue paboTel 3apucoBaTh KapTHHY pa3/ieieHUs NUTMEHTOB
rmocJie oMbIIeHUs XJopoduiia. B 3akimodeHne HeoOxoaumMo 00BICHUTD

HU3MCHCHUC OKpPACKHU.
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Martepunanbl u oGopynoBanme: Cyxue WM CBEXKUE JIUCThA,
STUIOBBIN cnupT. 6en3uH, 20% pactBop NaOH, 10% pactBop coussiHOM
kuciotel. Ctynka dapdopoBasi, mpoOUpKa, BOPOHKA, CITUPTOBKA, OFOKC
C KPBILIKOM, BOAsIHASI OaHs, HOXKHHUIIBI, (PHIBTPOBaJIbHAS Oymara.

PaGora 2. Onpenesienue coep:kaHusi MIUTMEHTOB B JTHCTHAX
MeTO010M OyMakHO# XpomoTorpaduu

MeTo 1 OCHOBaH Ha pacHpeesIEHUN TUTMEHTOB MEXY
LEJUTIOJI030M XpoMOTOTpaduuecKor OymMaru u moJABMKHOM (a3oit —
pactBopuTens. Korna no 6ymare noja qeiCTBUEM KaWJUISIPHBIX CHJT
JBIIKYTCSL PACTBOPUTEIH, MOJICKYJIBI TUTMEHTOB, HAHECEHHBIE Ha
Oymary, pacpeenstoTcss Mexay (pazaMu B COOTBETCTBHH C
kod(durmeHToM pacnpeaeneHus. Uem BbIlie pacCTBOPUMOCTD MUTMEHTA
B MOJIBIKHOM (paze, TeM Jalbliie OH MPOABUTaeTcs Mo Oymare BMecTe ¢
pacTBopuTeiieM, 1 HaoobopoT (puc.l).

Xoa padotbl. Jlis nmonydeHust BBITSDKKE TUTMEHTOB S00T MSKOTH
mucta (0e3 KpYMHBIX >KUIOK) OBICTPO HM3MENbYAIOT HOXKHHUIIAMH U
THIATEIILHO PAaCTUPAOT B (apPopoBOM CTYNKE C YHCTHIM KBAPIICBBIM
IecKoM, /100aBuB Ha KoHIe ckanbnens CaCO3 i HeTpanuzanuu
KJIETOYHOTO COKa. 3aTeM NpPWIUBAIOT 3-4 MJI alleTOHa C STUIIOBBIM
CIIUPTOM (3:1) m mpomoKalT pacTHpaTb BMeECTe C
pacTBOPUTENSAMU. ODKCTPAaKT CIMBAIOT IO MajJO4YKe B BOPOHKY CO
CTEKJIIHHBIM (mibTpoM Ne2, coeaMHEHHYIO ¢ KoinOoi byHzena T
oTcacelBatoT HacocoM KamoBckoro.

K ocraBmieiics B cTynke macce npuiuBaroT 3-4 M cMecH
pacTBopuTeNlell M NPONOJKAIOT pacTUpaTh, KHUJIKOCTh CIMBAIOT B
BOPOHKY M OTCacChlBalOT. OTYy OMNEpPaLUI0 TMPOBOAIT A0 TIOJHOTO
M3BJICUEHUS 3€JEHBIX MUIMEHTOB M3 pacTepToi Maccel. Ilocie storo
HKCTPAKT KOJIUYECTBEHHO MEPEHOCAT B MEPHYIO KOJIOOUYKY Ha 25 M1 H
JOJINBAIOT CMECBIO PACTBOpUTENEH N0 METKH. [lomydeHHYIO0 BBITSKKY
MTUTMEHTOB UCTIONB3YIOT JIJIsl OTIPEACTICHHS TUTMEHTOB.

Ha muct xpomotorpaduueckoit 6ymaru (13x13 cM) oTcTynuB oT
Kpas Ha 2.5 CM HaHOCAT NHIETKOM 1-2MJI alleTOHOBO-CIUPTOBOM

BBITSOKKW IIMI'MCHTOB B BHJIC y3KOI>i nonocku. Hanocsar BBITSKKY B
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HECKOJIbKO MprueMoB. Kax1y1o mocienyomnyto mopiuo HaHOCAT TOJIBKO
Mocjie TOJCYIIMBaHUS B TOKE BO3AyXa OT BeHTwiIssTopa. I[locne
HAHECEHMsI BBITSDKKHM XPOMOTOIpAaMMY CBEPTHIBAIOT B LMIUHAP H
COCIUHSIOT €€ YroiKu ckpenkoil. l{unuHap momemaroT B Kamepy, Ha
JTHO KOTOpOM mpenBapuTenbHO cTaBiaT yamky Iletpu ¢ 10-15 mn
pactBopuTteneil Oenzon+mnerponeinsii 3¢up (2:1). Ilpu orcyrcTBUmM
NeTpoNieiiHOrO 3¢upa BO3MOXKHO HCIONb30BaHHe OeH3uHa. Kamepy
TePMETUYHO 3aKPBIBAIOT CTEKJIOM H CTaBAT B TEMHBIN KA.

Paznenenrie MUrMEHTOB MPOUCXOAUT BOCXOISIIMM TOKOM CMECH
pactBoputeneii. Kak TOJIbKO HUIMEHTHI OTAENSAIOT JOPYr OT Jpyra,
OyMmary BBIHUMAIOT U3 KaMepbl, MOJCYIIMBAIOT U HOKHUI[AMH BBIPE3AI0T
MIOJIOCKU C COOTBETCTBYIOUIUMH MUTMEHTAMH:

Kapomun
Kcanmodghunn

Xs0poghunn «a»
xXaopoghunn «e»

Puc.1. Bug XxpomMartorpaMmmsl € pasgeJICHHBIMUA MUTMEHTAMU

Kaxxnyro mosjocky pa3pe3aroT Ha MEJIKHE KYCKH U TTOMENIAOT UX B
OIOKC JJIsi DJIFOMPOBAHHUS TUTMEHTa. [[7s 3TOro KycoO4Ykd 3aJMBaroOT
aIleTOHOM, BCTPSIXUBAIOT COJEPKUMOE OIOKCa M pacTBOP MEPEHOCST B
nukHOMeTphI Ha 10 M. 3aTeM 00beM dir0aTa 10BOAAT 10 o0beMa 10 mi
u ONpEeNesoT B HEM  KOHUEHTpAIHUIO NUTMEHTa  Ha
(OTOANEKTPOKOIOPUMETPE.

Marepuanbl M 000pyAOBaHHE: JIMCTbS PACTEHUIl; AalleTOH;
stunoBelid cupT; CaCO3; KBapIEBbIM MECOK; BECHI; HOXKHUIIBL, CTYIKH
C mecThKamu; Kojobl byH3eHa; crexisHHble GuiIbTphl No2; HUIHHIPHI C
KPBIIIIKOM WM KOPKOBOM MPOOKOH; xXpoMmoTarpoduyeckas Oymara;
Hacoc KamoBckoro; hoTo31eKTPOKOIOPUMETP.

Padora 3. Onpenenenne HHTEHCUBHOCTH (POTOCHHTE3a

mo norjgomeHnio CO2 B Toke BO3a1yXxa
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[Ipy u3yuyeHMM WHTEHCHBHOCTH  (oTOCHHTe3a  Haubolee
pacnpoCTpaHCHHBIMHA  SABJIAIOTCA MCTOJAbI, IHpPHU MNOMOIIKU KOTOPBIX
YUUTBIBAIOT YOBUIb YIJi€poJia U3 BO3YLIHOIO IPOCTPAHCTBA, B KOTOPOE
3aKJIIOYEHO pacTeHue. [Ipu Hepenko yuuThIBaeTcs yObLIb YIJIEKHUCIIOTO
rasza B TOKE BO3/lyXa IPOXOJAIIErO CKBO3b KAMEPHI C 3aKJIIOYCHHBIM B
HEC JIMCTOM, HC OTACJICHHBIM OT PACTCHUSA, UJIN KC LCIBbIM PAaCTCHHUCM.
IIpoiinss xamepy, BO3AyX IOCTyIaeT B IIOTJIOTUTENIbL C PacTBOPOM
6apHTa, Tac W YJIaBJIUBACTCA HCACCUMUJIIMPOBAHHBIM  JIMCTOM
YIJIEKUCIIBIN Ta3:

[TapamienbHO NMPOBOIAT KOHTPOJBHOE OINPEACIEHHUE, T.€. TaKOH
xKe o00BeM BO3ayxa IpocachlBaeT uyepe3 Kamepy Oe3 iMcra H
COOTBETCTBYIOIUI MOIVIOTUTENb. 3aTEM IO PA3HOCTU MEXKY OIBITHBIM
U KOHTPOJIBHBIM OIIPCACIICHUAMN HAXOOAT KOJIUYCCTBO HOFJIOIHGHHOfI

JUCTOM yriIeKucioTel. Ba(OH)2 + CO2 UBaCO3 + H20
Ba(OH)2 + H2C204 0BaC204 + 2H20

[Tpubop coctouT u3 JUCTOBOW Kamepbl, morioturens CO2 wu
acTparopa, CIyXaIero JUIst IPOCachIBaHHUs TOYHOTO 00beMa BO3/IyXa.

Xoa pa6oTbl. Acnuparop HaIMOJHIIOT BOJOM J0 BEPXHETro
JIENICHUsT BOJIOMEPHOM TpYyOKH, IIJIOTHO 3aKpHIBAIOT MPOOKON U
MIPUCOEANHSIOT K KaKIOMY M3 HMX KOPOTKYI0 OTBOAHYIO IOTJIOTUTENS
COCUHSAIOT C JINCTOBOM KaMepoW. 3aTeM COEIMHUTENbHBIE IUIAHTH
3)KUMAIOT BUHTOBBIMM 3aXMMaMH. B oIHY Kamepy BBOJAT JIMCT, HE
OTJENsAs ero OT PACTeHMs, BTOPYIO KaMepy OCTaBISAIOT Oe3 jMcTa, HO
IIOMEUIAIOT PSAOM C IIEPBOM Ha TOM, KE BBICOTE.
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Puc.1. ¥YcranoBka mno omnpeaeleHdi0 (oTocuHTE3a 1O
norjiomenuto CO2 B TOkKe BO3ayxa: 1 — acnmpartop; 2 —

NMOIJIOTUTENIb; 3 — KaMepa.

[Tocne cOopku mpubopa B Kakbpli IOTJIOTUTENb HAMBAIOT 110 50
mia 0.1 H pacTBOopa Gaputa M OBICTPO 3aKpHIBAIOT MPOOKOH. 3arem
npubop BKJIIOYAIOT B CIEAYIONIEH TMOCIeI0BaTEIbHOCTH: CHadaja
OCBOOOXKIAIOT 3aKUMbl Ha COCOUHUTENBHBIX IIIJIaHTaX M, OTMETHUB
BpEMs, OCTOPOXKHO OTKpPBIBAIOT 3aKUMBbl Ha CIIYCKHBIX TpyOKax
acrupaTopoB.

C 1moMombI0 HHKHUX 3aKMMOB JOOMBArOTCA OJMHAKOBOM
CKOPOCTH IPOCACBIBAHMS BO3JyXa 4Yepe3 OINBITHBIM M KOHTPOJIbHBIN
pUOOPBHI.

3a CKOPOCTBIO MCTEUEHHUS BOJBI CIEIAT B MPOJOJKEHUU BCETO
onbiTa. JlnmurensHOoCTh dKcnozunuu 20 muH. Ilo OxkoHUaHMM ombITa
3aKpBIBAIOT 3aKUMBI, @ U3 OTpabOTaHHOrO OapuTa C TOMOIIBIO MEPHOTO
nunuHapa Oepyr 10 M, W TEPEeHOCAT B KOHMYECKYIO KOJIOOUKY,
npubapnsoT 2 Kamau  QeHondTanenHa W oTtuTpoBbIBalOT 0.1 H
[IaBEJIEBOM KUCIOTOW JO0 C€Ia00-pO30BOM OKpPACKH, HCYE3aIomeld OT
OJHOW KaIjau KHUCIOTHl. VHTEHCHMBHOCTH (POTOCHMHTE3a HAXOIAT IO

bopmyre:

Ip = (a-6) x K x 2.2 x V x 100 x 60 = me CO, x om*/uac,
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yX§x¢

rae V- obmuii 00beM pacTBopa 6apuTa B MOTJIOTHUTENb, MJT;
V - 00beM pacTBopa GapuTa, B3ATOTO JIJIsl TATPOBAHUS, MJT; A -
KOJU4ecTBO MIJLTUIUTPOB (.1 H 1I1aBeIeBOM KUCIOTHI,
M3pacX0J0BaHHOE Ha TUTPOBAHUE OIMBITHOI'O PACTBOPA; B -
KOJU4ecTBO MIJLTUIUTPOB 0.1 H 11aBeIeBOM KUCIOTHI,
U3pacX0J0BaHHOE Ha TUTPOBAHUE KOHTPOJIHLHOTO PAaCTBOPA;
2.2 - xomnuectBo Mr CO2, coorBercTByromiee 1 mi Touno 0.1 H
IABENICBON KHCIOTHL; S - IUIOMA b JIHCTa, M2, t -
MPOJOJKUTEILHOCTD OIbITa, MUH. [loydeHHBIC Pe3yabTaThl
3aMKCHIBAIOT B TAOIHILY:

ek | Bapuant B3zsato Ba(OH)2, mn [Toumo | Ilnomans| MHTEHCUBHOCTH
ol ompITa B s H2C204, | mucta, M?| dorocun-
(? MOTJIOTUTENb| TUTPOBaHUS| MIT TE3a, MF/Z[MZBI‘I
Kawmepa ¢
JIUCTOM
Kamepa 6e3
JMcTa

Marepuannl u odopynoBanue: Pactenue (repanb u Jp.) mpudop
i onpeneneHust GoTocuHTe3a (KaMmepa, MOoTI0TUTeNb, aciupaTop); 0.1
H pactBop Ba(OH)2; 0.1 v pacTBOp mIaBesneBO KUCIOTHI C OIOPETKOIA;
(dbeHondTanenH B KanedbHUIIE, /Ba MIJIMHIApA Ha 50 MIJI; KOHUYECKHE
KOJIOOYKH.

Pa6ora 4. O0Hapy:xenne GoToCMHTE3a METOAOM
KpaxMaJIbHO# NPo0bI
HaubGonee mnpocteiM MeTonoM OOHapyXeHHs (POTOCHHTE3A
ABIeTCs KpaxmanbHas mnpobOa. [lpu 3TOM nHCT, BbIIEp)KaHHBIM Ha
CBETY, 00eClIBEYMBAETCSI CIUPTOM, a 3aTeM 00padaThIBAIOT PACTBOPOM
fioJla, OKpalIMBAIOIIEro 0O0pa30BaBIIMIC B XJIOPOIUIACTaX Kpaxmal B
TEMHOCHHMH LBET.
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Jis HaOmoleHuss 3a MPOIEcCOM O0pa3oBaHUS TEPBUYHOTO
Kpaxmalia Heo0X0 MO, YTOOBI B HAYaJle OIbITAa JUCThS HE COACpKAIIU
ATOTO BEMIECTBA, JUISI YEr0 WX BBUICPKUBAIOT B TEMHOTE B TCUCHHE
HECKOJIbKUX JHEW. 3a 3TO BpeMsl BECh MMEBIIHMICS B JIMCThAX Kpaxmai
MPEBPATUTCS B caxapa, KOTOPbIE YaCTUYHO OyIyT OTBEACHBI B CTEOEIIb,
a 4YaCTUYHO M3PACXOJI0BAaHbI Ha JIbIXaHHE KJIETOK JincTa (puc. 1).

PacToop
noaa

Puc.1. Oonapy:xenue ¢oTOCHHTE3a METOIOM KPaXMAJIbHOI MPOObI

Xoa padotsl. bepyr 3eneHoe pacrenue (repaHb U Jp.), OOMIBHO
MOJINBAIOT €T0 U CTAaBAT B TEMHOE TEIJIOE MECTO JIMOO 3aTEHSIOT OAMH
WIM HECKOJIbKO JIMCThEB, HE o0pe3as ux oT pacteHus. I[lpu
BBIICP)KMBAHUKM B TEMHOTE JIMCThsSI IIOCTENIEHHO TEPSIOT Kpaxmal Ha
IBIXaHUE, POCT U YaCTUYHBIN OTTOK B ApYyrue oprassl pacreHuil. Yepes
2-3 NIHS OTZeNbHbIE YYaCTKU JIMCThEB MOKPHIBAIOT C HIKHEH M BEpXHEH
CTOPOHBI HEMpPO3pauHbIM 3KPaHOM (JUIsI YEro MOTYT CIIY>)KUTb TE€MHas
wioTHas Oymara, ¢osbra, MNpOOKOBbIE) C BBIPE3aHHBIMU Ha HEM
pasznuuHbIMH urypamu. s OpUKpEIsIeHHs! SKpaHa K JIUCTY MOYKHO
ynoTpeOuTh MpoBONOYHbIe ckpemnbl. [locme »Toro mamcres  (win
pacTeHue) BBICTABISAIOT HA SPKUI COTHEYHBIN WM 3JIEKTPUYECKUI CBET
( mpu ucnosnb3oBaHuM Jamnsl HakaauBanus 200-300 Br).

UYepes 2 yaca (mnu Oosiee) JHUCT KIAAYT B NMPOOHPKY, 3aJIHBAIOT
BOJIOM M KHUOATAT B TeueHue 2-3 muHyT. [locnme kumnsiueHus BOAy
CIIUBAIOT, MNPUIMBAIOT B MNPOOUPKY CHUPT M KHUIATAT 1O TOJIHOTO
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u3BIeYeHHs XxJopodmiia (IucT craHeT OenbiMm). Harpesath ciemyer
OCTOPO’XKHO, TaK Kak Mpu OYpHOM KHUIISTYCHHUH MOXKET TPOU30UTH
BBIIJICCKMBAHKUE CITUPTA U3 IPOOUPKH.

[Tocie 3TOro CUPT CIMBAKOT, Pa3MSTYalOT JIUCT, HAIMBAsK HA HETO
HEOOJIbIIIOE  KOJIMYECTBO BOJBI (TIOCIIE JEHCTBUS CHUpPTAa TKaHH
CTaHOBSTCS XPYIKUMH). 3aTeM JIUCT TEepeHocAT B vamky [letpu u
00pabaTbIBaIOT pacTBOPOM HoJa.

3anuchIBAIOT PE3YNIbTATHI OMBITA, OTMEUAs, B KAKUX YaCTAX JTUCTA
o0Opa3oBaJicsi KpaxMall, U BBIMOJHSIIOT COOTBETCTBYIONIUE PHUCYHKU. B
BBIBOJIAX YKAa3bIBAIOT, KaKHE YCJIOBUS HEOOXOIUMBI JJIS Ipolecca
dboTocuHTE3A.

Martepuanabl u 000pyIOBaHHE: pACTCHHE, BBIICP)KAHHOE B
TEMHOTE; CIIMPT, JIIOrOJIb, CIUPTOBKA, MpoOupka, yamka [lerpw,
TUIOTHBIA KapTOH WK (POJIbra, POBOJIOYHBIC CKPEIThI, CITUYIKH.

Pa6ora 5. Onpenenenne ¢gorocuHTe3a M0 U3MEHEHUIO
Co/lep:KaHHUs YIJIepoaa B JJUCThAX pacreHmii mo (®.3.5opoxyauHoii)

[Ipu doTocuHTe3e pacTeHUsSMHU MOTJIOMIAETCS YIJIEKUCHBIN ra3 u
YIIEpoA, COAEpXalluiics B €ro COCTaBe, BOCCTAHABIMBACTCS U
aKKyMYJIHpYeTCsl B 00pa3yeMbIX OpraHHYecKuX BemiecTBax. IlosTtomy
10 HAKOIUIEHHUIO YIJIepOJia OPraHNYECKOIo BEIIECTBA MOXKHO CYIUTH 00
MHTEHCUBHOCTH (DOTOCUHTE3A.

VY4er conepxkaHus yriaepoj OpraHMuecKOro BEIECTBA BHIIIOJIHUTH
CIIEAYIOIIMM 00pa3oM: U3 JIMCTBEB COOTBETCTBYIOIIErO sipyca
MPOOOYHBIM CBEPJIOM BBICEKAIOT AWCKU OMPEIEIEHHOM IUIOMIaau U B
HUX OMPENEAI0T UCXOAHOE cojeprkaHue yriepoaa. Uepes 2-3 yaca u3
9THUX K€ JIMCTHEB 6GPYT TAaKO€ XK€ YHCJIO JUCKOB JIA BTOPHUYHOI'O
onpexaeneHus yriepoaa. [lo pasHOCTH MeXIy coliepKaHUEM B KOHIIE U
Hayajle ONbITa PAaCCUUTHIBAIOT COJAEPKAHHUE YIJIepoJa Ha EAUHUILY
JIMCTOBOM MOBEPXHOCTH B €UHUILY BPEMEHH.

VYrinepos opraHM4eCKHX BEIIECTB YUMTHIBAIOT METOJOM MOKPOTO
COKUTaHUS, MIPU 3TOM yriiepos okucisiercs 0.4 H pacTBOpoM Ouxpomara
KaJIAs B IPUCYTCTBUN CEPHOM KUCIIOTBHI:
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2K>CrO; + 8H,S0, + 3C0O 2K,SO,4 + 20!’2(304)3 + 3H,0 + 3CO,

N30BITOYHOE KOTUYECTBO OMXpoMaTa KaJusi, He UCTIOIb30BaHHOE

Ha OKHCIICHUE OPTaHUYEeCKOE BEIIeCTBa, 0OPATHBIM TUTPOBAHUEM
0.2 1 pactBopom cosu Mopa:

K>CrO; +6FeS0O, + 7H2304DC|"2(SO4)3 + 3F62(SO4)3 + K,SO4 +H50

B kxadecTBe MHIMKATOpa MPUMEHSIOT JU(DEHUIAMUH, KOTOPbIH B
BOCCTAHOBJICHHOH (opme OeclBeTeH, a NMpH OKUCIEHUU IpuoOperaer
cuHe-QUOJeTOBYI0  OKpacky. Ilyrem ompexaeneHus coaepxaHus
yriepoga B JIMCTbSX uepe3 OIpe/leIeHHble HHTEpBalbl  BPEMEHH,
BO3MOJKHO, BBISIBJICHHE XapakTepa THEBHOTO xoja (OTOCHHTE3a M €ro
3aBUCHUMOCTH OT YCJIOBUH MMHEPAJIbHOIO [HTaHUS, OCBELICHMUS,
YBJIQKHEHUS U JIp.

Xoa paGorsl. M3 nucTa ONpeneneHHOro sipyca CBEpIOM
BBHIPE3AIOT JMCKH OOWICH IUIOMAaplo 3 CM° M IOMEIAIOT HX B
KOHMYECKYI0 KOJIOy Ha 25 MJ, B KOTOPYIO U3 OIOpETKH 3apaHee
HammBaroT 10mn 0.4 H pactBopa K2CrO7. PacTBop cimabo KUIATAT B
TE€YEHHE 5 MUH Ha 3JEKTPOIUIUTKE, OXJIaKIAIOT U MIEPEHOCAT B KOJIOY Ha
250min. K oxmaxkaeHHoMy pacTBopy npuiuBaroT 150 wmn
JTUCTUILTMPOBAHHOM BOAbI, 3 M 85%-0i1 opTodocdopHoit kucnorsl u 10
kanenb JgudpeHunamuHa. Coxepkumoe KoJObl  B30ANTHIBAIOT U
ortuTpoBbIBatoT 0.2H pacTBopoM cosin Mopa. [Ipu 3ToM cuHss OKpacka
epexoauT B Oypyro, M MPOAOIDKAIOT TUTPOBAHUE [0 MOSBICHUS
3eneHo  okpackd.  OJHOBPEMEHHO  MPOBOASAT  KOHTPOJIBHOE
onpeneneHue (6€3 pacTUTEIBLHOTO Marepuana), TIIATEIbHO COOJoIas
BCE YKa3aHHBIE BBIIIE ONEPAIIH.

KonnuectBo  Mr  yriepoja — OpraHMYECKOrO  BEIIECTBaA,
COJIEpIKaIIEerocsl B 1am? nrcToBOI MOBEPXHOCTH, PACCUUTHIBAIOT IO

dbopmyre:

(@a-b) x K x 0.6 x 100
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D ,

S
TAc a — KOJINMYCCTBO MUJUIMIIMTPOB COJIN Mopa, HU3pacxoJ0BaHHOC
Ha THUTPOBAHHUEC KOHTPOJBHOI'O pPacTBOpa, B — KOJHNYCCTBO

MUJUTAJIATPOB coiu Mopa, nouieaiiee Ha TUTPO-
BaHUE OIBITHOTO PacTBOpa;

K — nonpaska k Tutpy pactsopa coinu Mopa;

0,6 — MuIMTrpaMMBbI yriiepoza, coorsercTByromue 1 mit Touno 0,2
H pacrtBopa conu Mopa,

S — momaab BeICEUEK, CM2 .

[lo pasHoctu coxepxkanust yriaepoga B 1 aM2  JIUCTOBOM
MIOBEPXHOCTU JI0 U TIOCJIE OINBITHONW 3KCIO3MULHU OIPEAEISIOT €ro
coliep)kaHue Ha OIbITHOE BpeMs. VHTEeHCUBHOCTH (OTOCHHTE3A
pPacCCUMTHIBAIOT 1O YBEIMYCHUIO WM YMEHbBIIECHUIO COACPKAHUSI
yraepona B mr CO2/am2 yvac. BBuny Toro, 4to coaepkanue yriepoaa
TaK kK€, KaKk U CyXOro BEIleCTBa B JIMCTHSIX Pa3HBIX SPYCOB, Pa3IHuHO,
JKENaTeNbHO MPOJENaTh ONPEAENCHUSI €ro HCXOIHOTO M KOHEYHOTO
COZIep)KaHUsl HAa OJHUX M TeX K€ JHUCThsX. /g sroro uc- 62 XomHyO
poOy (HECKOJBKO JMCKOB) OEPYT C OJHON IOJIOBHHKH JIMCTA, a IO
OKOHYAaHUHU OTBITHOH OKCHO3MIMU CHMMETPHUYHO PACHOJIOXKCHHBIE
TIMCKH — C APYTOd TIOJOBUHKH.

Marepuanbl u 00opyaoBaHue: PacTeHus; KOHUYECKHE KOJIOBI Ha
250 mn; Orwopetku; 0,4 H pacTBOop OuxpomaTa Kanus (B pa3daBlIeHHOM
cepHoil kucnore 1:1); BopoHku; Mepubldi mwmHAp Ha 100 mur; 0,2 H
pactBop conu Mopa; audenunamus; 85%-—Has opTtodocdopHas
KHCJI0Ta; MPOOOYHOE cBepIio quamerpoM 5—10 Mm

Padora 6. HaGsronenune garyopecueHunu xJjaopopuiiia
OdnyopecueHus  xjopoduiia — HUCIMyCKaHWE BO30YXICHHOU
MOJIEKYJION XJIOpoduIiia CBeTa C JUIMHOW BOJHBI, OONbBIIEH, YeM JTHHA
BOJIHBI CBeTa, BO30ynuBIIero (ayopecueHuuto. @iyopecueHus
oOHapyKuBaeTcs 10 KpacHOMY LBETYy pacTBopa XJjopo¢uiia,
paccMaTpMBaeMOro B OTPaXEHHOM CBET€ Ha TEMHOM (QoOHe.
Boz0yxnaronuii - QIyopeceHIInio CBET 3HAYMUTEIHLHO WHTEHCHUBHEE
25



ceera (ayopecueHuuu. IlosToMy pacTBOp XJIOpPO(UIIIOB BBITJISIUT
3eJIeHbIM. B oTpaxkeHHOM cBeTe B TJa3 HaOMoaTens IomaiaeT
3HAYUTENbHO MEHBIIE BO30YXIArOIIEro (uUIyopecLeHIMI0 CBeTa,

TI03TOMY CTaHOBHTCS BUIHA cama (iyopectenius (puc. 1).
HezaBucuMo OT UIMHBI BOJIHBI BO30YXAAIOIIETO CBETa XJIOPOGUILT
bayopecuupyeT TOJIBKO KPAaCHBIM CBETOM. B HBOM JHcTe OCHOBHBIM
(bayopecuupyolIM MUTMEHTOM siBJsieTcs xyopodui a. [Ipu stom B
JTUCTBSIX (IIyOPECICHIINS BBIPAXKEHA ropasio ciadee, 4eM B pacTBOpE,
Tak 32 Kak 4YacTh IIOTJIOIIEHHOM DJHEPrUM HCIOJB3YyEeTCs Ha
CEHCUOMITU3UPOBAHHE (OoTOXUMHUECKUX peakuui. [ToaTomy
BO3pacTaHME HWHTEHCUBHOCTU (DOTOCHHTE3a, KaK MpPaBUJIO, BIEYET 3a
co0oii ociabnenue GayopecieHIun.

Puc. 1. DkcTtpakT xmopodwima B COUPTE OCBEMIEHHBIA O€IbIM
cBeToM  (cBepXy) M yibTpaduoOJIETOM,  BBI3BIBAIOIIUM €O
¢byopecueHIHo (CHU3Y).
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Lean padoThl: HaOMIOAATH PIIyopecIeHIINIO XJTopoduia.

Xox padoTbl. BBITSHKKY TUTMEHTOB TEMHO-3€JIEHOTO I[BETA HaJEHTe
B LIMJIUHJAP U [IOMECTUTE HA YEepHBI (OH, OCBETUTE CHIILHOM JIaMIIOi,
paccMOTpUTE B OTPaXCHHOM CBETE. 3alUIINTe, KAaKOW LBET HMEET
BEITSDKKA. OOBSICHUTE HA0II01aeMYIO OKPACKY.

Marepuanbl u oOopynoBanue. CrnupToBas KOHUEHTPUPOBAHHAs
BBITSDKKA MMUTMEHTOB, HWIHHAP Ha 10 cMm3, yepHas Oymara, HacTOJIbHAs
Jama.

Tema 3. JIBIXAHUE PACTEHHH

lvixanue — 3T0 OKUCIIUTENBHO-BOCCTAHOBUTEINIBHBIN IIPOLIECC, IPU
KOTOPOM IPOUCXOAMT paclaj CIOKHBIX OPraHUYECKMX COCAMHEHUH, B
IIEPBYI0 O4YEpPE]b YIJIEBOJAOB, A0 IMPOCTEMIIMX KOHEUYHBIX INPOAYKTOB
YTJIEKUCIOTHI U BOJBI C BbIJEJIEHHEM CBOOOJHON SHEPrUH B BUJE TEILIA.
B pesynbTaTe pacrenue noay4yaetr cBoOoaHyro sHepruto ATd. koTopas
HeoOxoIuMa /1715 )KU3HEHHBIX [TPOLIECCOB, MPOUCXOIAUINX B PACTEHUSX.
JIbIXaHue pacTeHUIl MOXKHO BBIPA3UTh TAKOH CyMMapHOH (opMyIoil:

CeH1206 + 602 06CO2 + 6H20 + 686 xk Ilpu

IBIXaHUM B KJIETKaX pacTeHUi oOpa3yloTcsl pa3iMyHble OpraHUYecKue
BELIECTBA, KOTOpPbIE MCIONB3YIOTCS JUIsl CHHTE3a HEOOXOAMMBIX
pacTeHuio OeNKOB, HYKJIEHMHOBBIX KUCIOT, )KUPOB, YIJIEBOAOB U JIPYTUX
KU3HEHHO BaXHBIX coequHeHud. Takum oOpa3om  mpoleccl,
CBSI3aHHBIE C [BIXaHHEM, HAXOJATCA B LEHTpE OOMEHa BEIECTB H
SHEPTUH, IOCTOSHHO MPOUCXOIAIIETO B )KUBBIX PACTUTEIBHBIX KIETKaX.
JlpIxaHue TpeacTaBiseT CcOoOOM Ienb XMMHUYECKHX Ppeakluil,
CBSA3aHHBIX € (YHKIMOHUpPOBaHHEM crenupuyeckux (HepMeHTOB.

CrnoxHble OpraHMYecKre BEIeCTBa, pacXoAyeMble Ha JbIXxaHue (Oenku,
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KUPBL, KpaxMal U Jp.) TOABEPraroTcs AENoJUMEpU3aliu T.e.
MPETEPIEeBAIOT  OKUCIUTENIbHBIA pacmaj 10 MPOCTBIX  Caxapos.
AKTHUBHpOBaHHbBIE caxapa PaCIICIUISIIOTCS MPHU aHAadPOOHBIX YCIOBHSIX
710 JIETKOOKHUCIIIEMBIX COCIUHEHUH TUIa MUPOBHUHOTPATHOW KHCIOTHI
(CH3COCOOH). Hanpueitmme mpepamenus [IBK 3aBucat ot
YCJIOBUM, UMEIOIIMUXCS B KJETKE, U IPEKJIE BCEro OT HAIMYMUSA B HEU
KHCII0pO/ia

B aspobubIx ycnoBusx ot moinekynsl [IBK orHuMaercs Bomopon
(mermaporeHu3aiysi), KOTOPBIM Yepe3 JbIXaTeNbHYIO LIENb MepeaeTcs
kucioponay. [lapamiensno mosiekyna [IBK noasepraercs ctyneHyaTomy
NeKapOOKCUIIMPOBAHUIO, B pPE3YyJIbTaTe YEero BBICBOOOXKIAIOTCA TPHU
MOJIEKYJBl ~ yTaeKuciaoro rasza. OKHUCIUTENbHO-BOCCTAHOBUTEIbHbBIE
peakiuy MepeHoca BOAOPO/Ia MO ABIXATEIbHOM LIETH COMPOBOKIAIOTCS
BBICBOOOK/IEHUEM DJHEPTUH, 4YacTh KOTOpoMl uaer Ha cuHTe3 ATO
(oxkucnuTenbpHOE GochopuupoBanue).

NHTEeHCUBHOCTD JBIXaHUS — 3TO Hawboyiee OOIMU IMOKa3aTeihb
CKOPOCTH OKUCIHUTENbHBIX peakuuil. O ee BeIMUMHE MOXKHO CYIUTH MO
KOJHMYECTBY TMOTJIOMIEHHOTO TKaHbIO KHUCIOPOJa WM BBIICICHHOTO
YIJICKUCIIOr0 Ta3a 3a eQUHHILY BpeMeHH. VHTEHCHBHOCTH JbIXaHUs
3aBHCUT OT WEJIOro psina (PakTopoB: OMOIOTHUECKUX OCOOEHHOCTEH
BHJIa, CTENEHU €ro CBETONIOOUS, (PU3NOIOTHYECKOTO COCTOSHUSA
OTNIETbHBIX TKaHEH pacTeHus, a TakKe OT TeMIEepaTyphl, Ta30BOTO
cocTaBa BO3/AyXa, COJEpKaHMUSI BIIard, OCBEUIEHHOCTH M  T.JI.
CrnenoBaTenbHO, CO3/1aBasi ONPEAEIECHHBIE YCIOBHS, MOKHO YIPaBJIATh
MPOLIECCOM  JbIXaHUsI €  LEJIbI0  JOCTHXKEHHS  HauBBICIIEH
MPOJYKTUBHOCTH C/X PACTEHUH.

PaGora 1. OmnpeneneHue HHTEHCHMBHOCTHM bIXaHMS
npopacraommx cemsan 1o [omneBckomy Metonq oOCHOBaH Ha
OoOHapyKEHUH TOTJIOMICHUS KUCIOPO/a U BBIICTIEHUS YIIIEKUCIIOTO ra3a
MPOpacTAIUMH CEeMEHaMH B mporecce asixanus. [lpu co3manum
3aKPBITOTO MPOCTPAHCTBA C MPOPACTAIOIMUMH CEMEHAMH, UMEIOITUNACS
KHCJIOPO/JT UCTIOJIB3YETCSI CEMEHAMU Ha JBIXaHWE U B CTy4ae CBSI3bIBAHUS
Bbiensiemoro CO2 1IeI0Ybl0 TPOUCXOAUT YMEHBIIEHHEe o0bema
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Bo3ayxa. JlaHHBIA TMOKa3aTenb CBHUJIETEIBCTBYET O  BEIMYHHE
BeLaensemoro COz.

Xoa padotsl. [Ipopacratonue cemena (50 r) BBICHIIAIOT B KOJIOY
bynsena (puc.l.) um Tyga ’Ke CIYCKalOT CKISHOYKY C KpPEHKUM
pactBopoM KOH.

Puc. 1 Kosn6a byn3sena ¢ cemenamu

I'opno koj0BI 3aKpbIBAIOT MATKOH pPE3MHOBOM HpPOOKOH W s
JTydnied TEepPMETHYHOCTH 3anuBaioT mapaduHoM. ['pamxyupoBaHHyO
MUIETKY COEOUHSIOT C TIOMOIIbIO PE3UHOBOW TPYOOUKH C HOCHKOM
KOJIOBI.

[TpuGop ycraHaBIMBAIOT HA IITATUB TaK, YTOOBI KOHEI] MHUIETKU
OIYCTUTh B CTAKAHUYUK C OKPALIEHHON BOJIOM.

B npouecce apixaHus NpopocCIInE CEMEHA MOIVIOMIAOT KUCIOPOL
U3 BO3JyXa. 3aMKHYTOro B Koibe u mnumetke. B To ke Bpewms
BeIfesiemast cemeHamu CO2 morsomaercs pactsopom KOH.

B pesynbpTaTe ymeHbIlIEHUS AaBIIEHUS BO3/AyXa BHYTPU KOJOBI U
MUIETKN OKpallleHHas BOJAa M3 CTaKaHYMKa MOJHUMAETCS IO MHIIETKE.
OTmeuaroT BpeMsi Hayajla IOJAbEMa BOAA B IHUIETKE U €€ YPOBEHb.
Hanee dyepe3 kaxable 15 MUHYT HE MEHee Tpex pas.
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Pe3ynbTarhl 3aMCHIBAIOT B TAOMIHILY:

OTtcueTsl Bpewms otcuera 3a 15 MUH HOOHSIIOCH B cpemnem
MJI BOJBI BEIIEIIUIIOCEH MIT
HaYaIo KOHEIl | [0 OTCYeTaM B CpPEIHEM COz
3.

Marepuanbl u o00OpyaOBaHMe. NPOPOCIIME CceMeHa, Koiba
bynsena, pe3uHoBas mpoOka, MaJeHbKas CKJISTHOYKA WM MPOOHpOUKa,
pesuHoBas TpyOKa, rpagydpoBaHHas NHUIETKA Ha 2 M, KPENKHil
pactBop KOH, mapadwun, crakaHduK, METHIICHOBAas CHHBKA. CTOJHUK-
IITAaTUB, I[BETHHIC KapaHAalllu, TUHEHKA.

Patora 2. OnpeaesieHre MHTEHCUBHOCTH IbIXAHUS CEMSIH B
3aKPbITOM COCY/e IPH PA3JINYHbIX TeMIlepaTypax
Meron 3akmtouaercs B ydere kosmuectBa CQO2, BBIACISIEMOIO
CeMEeHaMM Ipu JAbIxaHuu. [Ipolecc moryomeHus AUOKCUAA yriepoja
0apuUTOM MOKHO 3aIUCaTh B BUJIE CIICIYIOIIETO YPABHEHUS:

Ba (OH)2 + CO20 BaCO2 + H20

N36biToKk  OapuTa, HE NPOpPEarupoBaBIIETO C CO2,
OTTUTPOBBIBAIOT I[aBEJIEBOM KUCIOTOM:

Ba (OH)2 + H2C20s O BaC20s + 2H20

Xona pa6orbl. [Ipopocmine ceMeHa mimeHHIB (2T) TOMENMIAOT B
MapJieBblil MemoK. B 1Be koHndeckue Koyobl U3 OIOpeTKH HAIUBAIOT IO
10mi 0.11 pactBopa Ba(OH)2 u 3akpbiBatoT ux npobkamu. B oany
KoJIOy, MPHUOTKPHIB €€, ObICTPO IMOJBEIIMBAIOT HAa KPIOYOK MPOOUPKH
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MEIIOYEK, JAPYrylo Koi0y HCHOJB3YIOT B KadecTBe KOHTpois. O6e

KOJIOBI BBIIEPXKUBAIOT | yac mpu KOMHATHOU Temreparype (puc.l.).
|} ——10

N —

Puc. 1. Konba nans ompeaejneHusi WHTEHCHUBHOCTH JIbIXaHUSI
ceMsiH B 3aKPBITOM coCy/ie:

1 — pacmeop cudpoxcuda 6apus Ba(OH)2; 2 — mapneswiii meuiovex ¢
cemeHnamu

B Teuenue ombiTa KONOBI TEPHOAWYECKH IIOKAUUBAIOT JUIS
paspymieHuss ~ Ha  noBepxHocTh  Oapura  1uieHkun — BaCOs,
MpensITCTBYIoNIeH nonHomy noriomeHuto COz2.

Yepe3 luac mooyepenHO W3 KOHTPOJIBHOM U OMNBITHOM KOJOBI
BBIHUMAIOT MpPOOKH, A00aBist0oT mo 2-3 kammm (QeHondraienHa u
OTTUTpOBBIBAIOT OapuT 0.1H pacTBOpoM mIaBeNeBONH KHUCIOTHI JI0
c1ab0PO30BOTO OKPAIIMBAHUS, HCUE3AFOIIEH OT OAHOM KarIi KHCIOTHI.
VHTEeHCHBHOCTD JIBIXaHHSI PACCYUTHIBAIOT 0 (hopMyIe:

(@-b) xKx22
J= o m2 COs 2/yac
N

rie a u b — xomuuectBo 0.1 pacTBOpa IIaBeNeBON KHCIOTHI,
M3PAacXOJ0BAaHHOM Ha TUTPOBaHWE OapuTa, COOTBETCTBEHHO B
KOHTPOJIBHOM U OIIBITHOM BapHaHTax, M,
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K — nomnpaska k tutpy 0.1 H pacTBOpa 11aBENEBON KUCIOTHI;

2.2 — xonmuuectBo CO2 mr, cooTBercTBytomee 1 mu 0.1H pacTBopa

IIaBeJICBO KHCJIOTEI,

N — macca cemsiH, T.

[TapannensHO ONPENENAIOT AbIXaHUE CEMSIH MPHU 10° u 40° C. Has
ompejaeneHuss JAblxaHus cemsH npu 10 wm 40°C craBar B
KpUCTAJIJIN3aTOPhl C BOJAOH, I/I€ MOJAECPKUBAIOTCS COOTBETCTBYIOIINE
TEMIIEpaTypHble peXUMbl B TeueHue luaca. Pe3ynbTaTthl oImbITa
3aMuChIBAIOT B TaOIUIIE:

Temmep., O0BeM KomndgecTBo maBeneBoii | IHTEHCHBHOCTH
0 N
C Hasecka cemsia 6ap14Ta, M1 KHCJIOTHI, IIOIICAIICH Ha IbIXaHUsI, MI'
TUTPOBAHUE, MJI CO, Ha

KOHTPOJIb OIIBIT Ircem.3al 4.

10

20

40

Ha ocHoBe 1moOJydyeHHBIX pE3yJIbTAaTOB  CTPOAT  Ipaduk
3aBUCHMOCTH JIbIXaHUSI CEMSIH OT TeMIIEpaTyphl.

Martepuansl u  000pyaoOBaHHe. IIpPOpAcTalOlMe CEeMEHa
nuennnsl, 0.1H pacTBop 1maBeneBoil KHUCIOTHI, 1%-blii  pacTBOp
¢deHondranenHa, Becbl C pa3HOBECAMH, KOHMYECKHE KOOkl Ha 250M ¢
poOKaMH, MapJieBble MEIIOYKH.

Pa6ora 3. Onpenesienre HHTEHCUBHOCTH JIbIXaAHUSI
NPOPACTAIOIINX CEMSAH B TOKE BO3IyXa
Mertog 3akitouaercs B yuete konruectBa CO2, BBIICISIEMOTO
ceMeHaMH NpH AbixaHuu. CeMeHa MOMEMaT B MPUEMHHUK, Yepe3
KOTOPBIN ITPOITYCKAOT BO3yX, IPOIIEAMINI yepe3 noriotutens CO2.

Ba (OH)2 + CO20 BaCO2 + H20
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N30biTOK  Oapurta, HE MPOPEarupoBaBIIETO C CO2,
OTTUTPOBBIBAIOT L[ABEJIEBOM KUCIIOTOMU:

Ba (OH)2 + H2C204 O BaC204 + 2H20

Xoa padorbl.CobepuTe acnUpanMoOHHYI) YCTAaHOBKY (pHUC. 6),
BKIIOYAKOIYID TpH cocyda ¢ mpobOkamu (1 — morjaoturens
armocdepHoro CO2, 2 — npueMHHK s ceMsiH, 3 — norsotutens CO2,
KOTOPBIM BBIJENSACTCS CEMEHaMHM TMpH JbIXaHHH). Bce 3IeMeHTH
COEIMHUTE MEXAY COOOM MOCIeI0BaTEIbHO IT'a300TBOAHBIMH TPYOKaMH.
[lepBbIii cocynr coeMHUTE ¢ HACOCOM. B TepBbIi ¥ TOCIEIHUN COCYIbI
HAJIEHTE 110 25 ¢M° HACBILIECHHOTO pacTBopa 6aputa (puc.6.).

Puc. 6. ¥cTaHoBKa A onpegeneHmna MHTEHCUMEHO CTK ObIXaHuA
cemaAH B TOKE B0 30QyXa:

1 —TpyBKa, NPUCOEOUHAKOLLAACA K Hacocy; 2 —cocyac
noraoTutenem Aaa ceAsbleaHua CO, Bo3Ayxa; 3 —noraoTuTenb
AnA ceAsbleaHuA CO, B03ayXa; 4— NpUEemMHUK gNA cemaH; S —
cocyd c nornaoTutenem ana ceasbieaHua C0, , BblA@AGHHOIO

cemMeHanmM; 6 — WTATUE U3 NeHonAacra; 7 —naraotumrent gna
CBAZblBEGHMA C'Oz, BblgeneHHoro cemeHa MM

Bo3bpmure HaBecky ceMmsH 4 I, MOCUMTAWTE UX KOJIUYECTBO U
IIOMECTUTE B NpUEMHHK. ['epMeTmyHO 3akpoiite Bce cocyasl. C
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IIOMOULIBI0 Hacoca NpPOAYyBalTe IyTeM HAarHeTaHus BO3JIyX 4epes
CUCTEeMY C TakOH CKOpOCTBbIO, dYTOOBI B morioTurene (2)
00pa30BBIBATIOCH HE O0JIee IBYX My3bIPHKOB B CEKYHIY.

UYepes BCIO CUCTEMY CO3/1aeTcsl TOK Bo3ayxa. OH MPOXOIUT uepe3
JIB€ KOHTPOJIbHBIE KOJIOBI, ounmiasich oT CO2, Tak Kak OapUT MOTJIOLAET
YTJIEKUCBIN ra3, U MOCTYNaeT B MPUEMHUK [ ceMsiH. CeMeHa JbIar,
BBIIENISAS YIVIEKUCIHIBIM a3, KOTOpBIM IOCTYHAaeT B IMOIJOTUTENb H
cBsi3pIBaeTcs ¢ GaputoM. OmnbIT mpoBoauTe B Teyenue 30 MUHYT. 3aTeM
oTpaOOTaHHBI OapUT W3 TOTJIOTUTENS TIIATENBHO IEpeMelIanTe u
BO3bMHTE 110 10 cM® €ro U3 KaXI0ro MPHEMHHKA B KOHHYECKHE KOJIOBI,
no6aspTe Mo 2 karum Qenondranenna u orrutpyite 0,1 # H2C204 no
CJ1a00pO30BOT0 OKPAIIMBAHUS, UCYE3AIOIIETO OT OJJHOM Karlid KUCIOTHI.
[ToBTOpPHUTE OMBIT B TOM K€ MOCAEAOBATEIBHOCTH, HO IIPU TEMIIEPATYPE
+35°C ¢ mpopocliuMu CeMEHaMu M NP KOMHATHOW TemIepaType ¢
KOHTpPOJIEM (4 I' CyXHX CEMSsH MILIEHUIbI).

NutencuBnocts apixanus (B mr CO2, Beigensemoro 1 r cyxux
ceMsiH 3a | 4yac) paccUuThIBAIOT 1O PopMyIIe:

(@a=>b) xK x 2,2 x M x 60 J = e
------------ =wme COy 2/uac, mxn Xt

rae M — oOuruit o0beM GapuTa B MOTJIOTUTENE, MIT;

m — o6beM pactBopa Ba(OH)2 B3gTOrO 1151 TATPOBAHUS, MIT,
t - TpPOJOMKUTENHHOCTD OMbBITA, MUH; aub - xomuuectso 0,1
H I11aBEJICBOM KUCIIOTHI, U3PACXOJOBAHHON Ha TUTpOBaHUE OapuTa
B KOHTPOJIbHOM U ONBITHOM BapuaHTE, MII,

K - nompaBka K TUTpY pacTBOpa I1aBeJIEBON KHUCIIOTHI;
2,2 -xonnmaectBo CO2, mr, cootrBeTcTBYIomIee 1 mi 0,1 H pacTBopa
I[aBEJIEBON KUCIIOTHI, n - Macca CyXHx CeMsH, T.

P C3YJIbTAThI OIIbITA 3aIIMCBIBAIOT B Ta6J'II/II_ICZ
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Temmnep., O0bem KonuuectBo masenesoit | MHTEHCHBHOCTH
oC Hapecka cemsiH | Oaputa, M | KMCJIOTbI, IIOIIEAIIEN HA | NpIXaHHUS, MT
TUTPOBAHUE, MII CO, Ha
KOHTPOJIb OIIBIT Ir cem. 3a 1 u.
10
20
40

Marepuanbl u o0opyaoBanue. Cyxue U TpOpOCIIME CEeMeHa
MIICHUIBI, SYMEHs, KyKypy3bl, 0,1 # pacTtBop ruapokcuna 6apus, 0,1
pacTBop IIaBeneBoi KUCIOTHI, 1 %-ii pacTBOp enonpranenna, KouObI
IUI0CKOIOHHBIe Ha 1 Oa®, crexmsiHuble mumetku Ha 10 car’ (3 mt.),
Glopetka Ha 25 cy’, IVa3Has NMIETKA, ACIMPALMOHHAS YCTAHOBKA,
MpoOKM ¢ MaJIbiM OTBEpCTHEM K KoysbaMm (2 1IT.), J03aTOp, BECHI
TOPCHUOHHBIE, TEPMOCTAT, HACOC.

PaGora 4. Onpenesienne HHTEHCUBHOCTH JILIXAHUS CYXHX
U NPOPOCIIUX CeMSH

VHTEHCUBHOCTD [JBIXaHUS B 3HAYUTEIBHOM MEpE OIpENEIsaeTCs
(bU3MOIOTHUECKUM COCTOSTHUEM pPacTUTEIBHOTO OpraHusma.
MuHUMaJIBHBIM JBIXaHUEM XapaKTEPHU3YIOTCS CEMEHA, HAXOIAILIUECS B
coctossHUM Tmokos. Ilpu mepexome UX B COCTOSIHME aKTHBHOIO
popacTaHus  JbIXaHHWE€  yCWJIMBAeTcs, M  3HAUMUTENbHAas  €ro
MHTEHCUBHOCTh IIPU 3TOM OOBSACHSETCS MpOIlecCaMd HOBOOOpPa30BaHUS
KJIETOK U ()OPMHPOBAHUEM HUX MPOTOIIA3Mbl. B 3TOM MOXXHO yOeauThes
IIPY CPaBHUTEIBHOM W3Y4YEHHHM HWHTCHCHUBHOCTH [BIXaHUS CYXHX H
IIPOPOCUINX CEMSH CEJIbCKOXO3SICTBEHHBIX KYJIBTYD.

Xon pabGorpl. HaBeckn Cyxux W NOpOpOCHIMX CEMSIH B 2 T
MOMEMIAIOT B IBA MApJIEBBIX MEIIOYKA U MPHUKPEIUIAIOT K MPOOKaM MpH
MOMOIIM BCTaBJICHHBIX B HHUX KplOukoB. IIpoOku BCTaBIAIOT B
KOHHYECKHE KOJIOBI, KyJa MmpeaBapuTenbHo HanuBaioT o 10 mi 0,12 H
pactBopa Ba(OH)2 Tak, yToOBI C ceMeHaMu HE JIOCTUTAIN pacTBOpa

IICI0YH.
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Tperbst Komba ¢ TakuUM K€ KOJMYECTBOM Oapura CIIyKUT
KOHTPOJIEM, M CEMEHa B Hee He MnomemarT. OTMedarT BpeMms
MIOCTAHOBKM OIbITA W BCE TpU KOJObI Ha | dYac OCTaBIsAOT MpuU
KOMHATHOW  Temmeparype. Ha  npoTsskeHMM — OmbITa  KOJIOBI
MEePUOJNYECKH OCTOPOXKHO MOKAYMBAIOT, YTOOBI Pa3pyLIUTh IJICHKY
BaCOs, oOpa3yromyrocsi Ha TOBEPXHOCTH OapuTa M MPENSITCTBYIOIIYIO
nosiHoMy norioieHuo CO2.

Uepe3 1 yac BHIHUMAIOT MENIOYKH C CEMEHaMu M3 KOJIO, BHOBb
IUIOTHO TPUKPBIB HX NpoOkamu. Bce Tpu kosbbl, HauuHas c
KOHTpOJbHOW TUTpyOT 0,1 H pacTBOpoM 1IaBEIEBOM KHCIOTHI B
NpUCYTCTBUU 2-3 Kamenb QeHondTanenHa 10 ci1abo — pPO30BOTO
OKpAalllMBaHUs,  HWCYE3AI0IIer0  OT  OJHOM  Kaljiud  KUCJIOTHI.
VHTEeHCHBHOCTD JBIXaHHS PACCYUTHIBAIOT O (hopMmyIie:

@-b)K x22
J = e me CO; 2/uac,
M xn xt

rae: a u b — konuuectBo 0,1 H pacTBOpa I1aBEIEBOM KHUCIIOTHI,
M3PACXOJ0BAHHOTO HA TUTPOBAHUE OapUTa COOTBETCTBEHHO B
KOHTPOJIBHOM U OIBITHOM BapUaHTaXx, MII;

K — monpaBka k tutpy 0,1 H pacTBOpa 11aBeIeBON KUCIOTHI;
2,2 — xomuecTtBo CO2, cooTBercTByMOMmEee 1 Ma 0,1 H
pacTBopa 1IaBesIeBOM KUCIOThI, MI; 1 —Macca 1000 cemsiH, T.

P€3YJ'H)T3TBI OIIbITa 3aIIMCBIBAIOT B Ta6J'II/IIIy:

CemeHa Hagpecka | O0beMm Kon-Bo 111aBenieBoit KUCIOTEHI, HHTEeHCHB.
ceMsH, T | OapuTa, | TOIIeRIIeH HAa THTPOBAHHE, ML JIBIXaHUS MT
MIT KOHTPOJIb OTIBIT COzmalr
CeMsH 3a 4yac
Cyxue
IIpopoc.
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Martepunansl u o0opyAoBaHMe: CyxXxHUE€ M IPOPOCIINE CEMEHa
nmenunsl; 0,1 H pactBop 6aputa; 0,1 H pacTBOp IaBeNeBOil KHCIOTHI,
1% - # pactBOp deHondTaNeHHA; BECHl ¢ pa3HOBECAMHU; KOHHYECKHE
KOJIOBI Ha 250 MJI ¢ MpoOKaMU; MapJIeBbIC MEIIOYKH.

PaGora 5. OnpenesieHue AbIxaTejbHOro ko3¢ dunuenra
MPOPACTAIOIIHX CEMAH

JeixarensabiM  Kodddumumentom (/IK) Has3wpiBaeTcs OTHOIIEHUE
oobema BblesnieHHOro CO2 Kk 00beMy MOIJIOLIEHHOTO KHCIOpOJa.
Bemnunna — JIK CBUJICTEIILCTBYET 00 MHTCHCUBHOCTHU B
IeKapOOKCHIMPYIOUINX 3BeHbsIX B IuKiIe Kpedca. OCHOBHBIM (hakTopoM
BIMsIOIIMM  Ha BenmuuHy JIK  sBIslercs XuMudeckas mpupoaa
apIxarenbHbIX cyocTpaTtoB. [Ipu okucnenun yriaesojos JIK pasen 1,
IPU  OKHUCICHHHM OPraHMYECKHX KHUCIOT, SIBIISIIOLIMXCS  MEHee
BOCCTAQHOBJICHHbIMH, uYeM yrieBoisl, JK Oombme 1. [Ipubop mis
OlpejieNieHus] JbIXaTeibHOTO Kod(ddummenta (puc.l.) cocrout wu3
NpOOMPKH C IJIOTHO NMPHUTHAHHOW KaydyKOBOW HPOOKOH, B KOTOPYIO
BCTaBJICHA I1OJT IPSMBIM YTJIOM IpaydpOBaHHas TPyOKa.

Xoa pa6oTsl. [TooBUHY IPOOHPKH 3aITOJIHSIOT TIPOPACTAIONTUMHI
CeMEHaMHM IIO/ICOJJHEYHHMKAa M IUIOTHO 3aKpbIBalOT MPOOKOH ¢
U3MEpUTENbHOM TpyOkoi. B TpyOKy ¢ MOMOIIBIO MUOETKH BBOJSAT
KaIUTI0 OKpAIIEHHOW JKUIKOCTH (BOAA C METMJIEHOBOW CHHBIO), CO3/aB
TakuM 00pa3oM BHYTpU MpuOOpa 3aMKHYTYI0 armocdepy. YUToObl
npoOupKa HE HArpeBajach OT MPUKOCHOBEHUS PYK, €€ CTAaBAT B IITATHB
WIH B CTakaH C BOJOW, M3MEPSIOT Ha CKOJIBKO JICJIEHWH IIKAJIbI
MPOABUHETCS KaIulsl BHYTPb TPYOKH 3a 2 MHUHYTHI. J[enaioT HEeCKOJIbKO
OTCYETOB U BBIYUCISAIOT CPEIHION BETHUUUHY.
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Puc.l1. YcTranoska Jifi §: omnpeaeeHust IBLIXaTEeJILHOI0
K03(pPpuunenra.

[lonyyenHnass BenuuuHa (A) SBIAETCS BBIPAXKCHUEM DPAa3HULIBI
MEXIy O00beMaMu IOIVIOIIEHHOIO KHUCIOpOJa M BBIAEICHHOM
yraeKucnoTel.  Jlamee  OTKpBIBAIOT MPOOMPKY € CEMEHaMu |
BBIKJIAJIBIBAIOT B HEE MUHIIETOM IOJIOCKY W3 (pUIbTpOBaIbHON Oymarm,
cmouenHoi 20% NaOH. CHoBa 3aurpbIBaloT HNpOOUPKY MNPOOKOH H
BHOBb BBOJAT B TPYOKY KaIUIlO JKUAKOCTH. OTMEUaroT I0JIOKEHHUE
MEHHMCKA KaIlJlk, OINpPEeNeNsioT MNEepelBI)KEHUE Kalljaud IpH TOW XKe
TeMIIepaType 3a TOT K€ MEPUOJ U BBIYUCIISIIOT CPEeIHIOW Benuuuny (B).
Bennunna «B» CIy)KUT BBIpa)KEHHEM IOTJIOMICHHOTO TPH JIbIXaHUH
KHCIIOpOJia, Tak Kak BblaeneHHbI CO2 mnoriomaercss LIeI0Ybio.
JlpIxaTenbHblil KO3 PUIUEHT paBeH:

CO; = B-4
C B

PesynbpTarhl 3anuceiBa0 B TaOIHILY:

OObekT | YcioBus ombITa OTc4YeThl, MM 3a 2 MUH. JIK=B-A
1 2 3 B

be3 menoun (A)
Co menousio (B)

Matepuasbl M 000pyA0BaHMe: TPOPACTAIOIINE CEMEHA
MOJICOTTHEYHHKA, TPUOOP IS OTIPE/ICICHHUS ABIXaTeIFHOTO
K03 pHLIMEeHTa, TUHIIET, TOJOCKH (PUIbTPOBaIbHOI OyMaru, mecouHble
4yackl Ha 2 MUH, IIITaTUB, CTakaH ¢ BojoH, 20% pactBop NaOH.

Padora 6. O0Hapy:xeHMe 1ernAPOreHa3bl B pacTeHUAX

OOHapykeHHue U OIpelneieHre ACTUAPOTreHa3 OCHOBAaHO Ha UX
CIIOCOOHOCTH 3a CYET JETUAPHPOBAHMSI OPTaHUYECKUX COCIUHECHUU
BOCCTAaHABIIMBAaTh B aHA’POOHBIX YCIOBHSIX KpPacKM C HUZKUM
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OKHCIHUTCIBbHO-BOCCTAHOBUTCIIbHBIM ITOTCHIIMAJIOM. B kauectBe Takoro
HHAUKATOpa TMPUMCHACTCA MCTUJIICHOBAsA CHHbKA, BOCCTAHOBJICHUC
KOTOpOﬁ IIPOUCXOIUT I10 CXEMCE:

Odezuopasza
XH> + MC o X + MCH
cybcmpam cuHvKa oKuci.  Jneukogopma
cybemp. cunbKU Xox pabGorbl. Cemena

HaOyxmiero  ropoxa  OCBOOOXKIAIOT  OT
CEMEHHOU 00O0JIOUKH U JIENIAT Ha JBE YacTH IO
10 mTyk. 10 mTyK CceMsSH KHUISYEHUEM B
npobupke ¢ Bojoii B Tedenue 10 mu, yOuBaroT.
Bropyto yacts cemsan u3 10 mtyk B mpobupke
3JIMBAIOT PACTBOPOM METHJICHOBOW CUHBKHU. C
NEepBOM NApTUU CIMBAIOT BOAY, UX TaKXKe
3JIMBAIOT METHJICHOBOW cuHbKOU. Yepe3 10
MuH. C 00eux mapTuil CeMsiH CIIUBAIOT KPAcKy,
CEMEeHa MpOMBIBAIOT BOJOW. /I co3maHus
aHa’pOOHBIX YCIOBUN NPOOHPKU O BEpPXY
3QIMBAIOT XOJIOJHOM KHIISTYEHOW BOJOHM H
3aKpbIBAlOT NpoOKaMu. 3areM NpOOMpPKHU
CTaBAT Ha BOJAHYI OaHIO Ha 2 yaca Hpu
temrieparype 30°C. 3a 5TO Bpems KUBBIE
CEMEHa IOTEPSAIOT CHUHIOK OKpacKy, TaK Kak
JeTuipa3bl yUacTBYIOUIME B JIbIXaHUU KJIETOK,
CHSUIM BOJAOPOJ C JbIXaTeIbHOIO MaTepuala B
CEMEHaX M IEpPEeHECId €ro Ha METUJIEHOBYIO
CUHBKY,  KOTOpas  BOCCTaHOBWJIAChb B
nerikoopmy 1 00eCIIBETUIIACK.
3aTem u3 00eux MpoOMPOK BHUIMBAIOT BOIY, CEMEHA BBICHITIAIOT B
bapdopoBble HamIKKM W OCTaBIAIOT Ha Bozayxe. IIpu »TOM >KuBBIE
ceMeHa BHOBb INOCHHEIOT, TaK KaK CHUHbKA MEPEXOIUT B OKUCICHHYIO

dopmy.
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B xoHTponbHON npoOupke yOUTHIE CEMEHa OCTAaIOTCS BCE BpeMs
CHHHMMH, TaK KaK MPU KUTITYCHUU CEMSH JIETHIPA3bl pa3pyIIIHCh.

HaGnronaemoe B ombITe 3apUCOBBIBAIOT LIBETHBIMU KapaHalllaMH.

Matepuaiabl M o0opyaoBaHHMe: HaOyXIIME CEeMEHa Tropoxa,
npobupku, mratuB, ¢apdopoBele  yamKu, BOJsAHAA  OaHs,
ANEKTPOIUINTKA, TEPMOMETpP, pacTBOp MeTuiaeHoBod cuHbku 1:10000,
POOKH K MTPOOHpKaM.

Pabora 7. O6Hapy:keHHe KaTa1a3bl B PACTHTEIbHBIX
o0beKTax
B rmpomecce apixaHus B KayecTBe IOOOYHOTO TMPOIYKTa
OKHCJICHHs BELIECTB 00pa3yeTcsl MepeKUuch BOJOPO/a, OKA3bIBAIOIAs B
BBICOKMX KOHIIGHTpAaMAX TOKCUYHOE JCHCTBHE Ha LUTOILIA3MYy.
Heifrpanuzanus nepekucu BoJopoa MpH y4acTUH (pepMeHTa KaTallasbl
UJET 10 BOABI U MOJIEKYJIIPHO KHCIOPO/A [0 YPAaBHEHHUIO:

Kamanasa

2H202 O 2H20 + O2

OO0 aKkTUBHOCTM KaTaja3bl CYASIT 10 O00BEMYy KHCIOPOJa,
BBIICIISIIOLIETOCS B PE3YJIbTAaTe PA3I0KEHHS IEPEKUCH BOJLOPOAA.

Xox padGorbl. Kycouek oummieHHoro KiayOHs —KapTodens
M3MENbYAOT U pacTHparoT B (apdopoBoil cTymnke ¢ HeOonbmuM (2-
3MJI) KOJIMYECTBOM AMCTUILIMPOBAHHOM BOABI. 3aTeM NMpHOABISIOT elle
8-10 mn BOJBI, TIIATENFHO MEPEMENINBAIOT U (QHIBTPYIOT €€ B CYXYIO
npobupky. HemocpenctBeHHO s paOOThl  MCHONB3YIOT — 3-4Mi
MOJIyUEHHOM BBITSKKH, OCTaBIIASICS 4YacTh CIYKUT KOHTposieM. K
BBITSDKKE J100aBisitoT 2Mi 3%-HOTO pacTBOpa MEPEKHMCH BOJIOPOIA.
UYepe3 HECKOIBKO MHUHYT IOSIBJIEHHE IMY3BIPBKOB KHCJOpOJIa |
CKOIUIEHHE HUX Ha TIOBEPXHOCTM pPAacTBOpa B  BUAE IIEHBI
CBUJCTEIHCTBYET O HAIMYMU B TKaHIX KIyOHsS KapTodens depMmeHTta
KaTaJla3bl.

B kauecTBe BTOpPOro 0OBEKTa HCCIEAYIOT JIUCThSI KOMHATHOTO
pactenus. M3 IHCTOBOM IUIACTMHKU BBIPE3AIOT MAJIECHBKHW KyCOYEK U
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KJIaQyT Ha NPEAMETHOE CTEKJIO B KaIlIIO IEPEeKUcHu Boxopona. Uepes
HECKOJIBKO MHHYT M3y4alOT IIPUIOTOBJICHHbIM npemnapar. Ilox
Mukpockon. Ilo wuHTeHCHMBHOCTM 0Opa30BaHMs I€HBbl CyAAT 00
aKTUBHOCTH KaTaja3bl B pACCMOTPEHHBIX PACTUTEIbHBIX O0BEKTAX.

Matepuaibl U o00opyaoBaHHe. KIyOHH KapTo(dens, IJHUCTHS
repany, (GapdopoBas CTynka ¢ NecTUKOM, 3%-blii pacTBOp IEPEKUCH
BOJIOPOJIa, BOPOHKA, (puibTpoBaibHas Oymara, IpoOUpKH, MUKPOCKOII,
IIPEIMETHBIE U TIOKPOBHBIE CTEKJIA, JIC3BHU.

Tema 4. BOTHBIH OEMEH PACTEHHH

Bopna sBnsiercst He TOIBKO OCHOBHOM CPENOM, I1€ OCYIIECTBISAETCS
BCe OMOXMMHYECKHE MPOIECCH, HO M CTPYKTYPHBIM KOMIIOHEHTOM
’)KMBOrO BelllecTBa. Boma oOecrneyuBaeT IIOIVIOIIEHHE COJEH H
MepeBMKEHUE PACTBOPOB TIO TKaHSM, OOYCIIOBIMBAET KOJUIOUIHOE
COCTOSIHHE 1IUTOILIa3MBbI KIJIETOK, TprOp paCTI/ITeJ'II)HI)IX TKaHeﬁ.
BOJ’IBHI&?I TCIINIOEMKOCTh BOJAbI 3alIUIIIACT paCTI/ITeHBHLIe TKAaHU OT
reperpesa, BBICOKas TeIIoTa napooOpa3oBaHUs HaJIe’KHO
CTaOWUIM3UPYeT TEeMIepaTypy pacTUTENbHOTO opraHusma. Jlus
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3aCyIUIMBBIX PAalOHOB 0c000O€ 3HAU€HHE HMEET BBICOKAs CTENEHb
KOHJICHCAllUM BOJbl, TaK KaK ypO)Kail 37€Chb B 3HAYUTEIBHOW CTEIICHU
(bopmupyeTcs 3a cUeT KOH/IEHCAllMOHHOH BIIary.

IlonpeM u nepenBHKEHHE BOJBI B PACTCHUM OCYLIECTBIISIETCSA B
pe3yibTare (YHKIMOHUPOBAHUS BYX «JBUTaTesei» BOJHOIO IOTOKA —
KOPHEBOTO JIaBJICHUS U NPUCACBIBAIOIIEH CHIIBI TPAHCIIMPALUH, a TAKXKE
CHWJI MEXMOJIEKYJISIPHOTO cLeIuieHuss Bonabl. KopHeBoe naBieHue
BO3HHMKAET B pe3yJIbTaTe€ AKTUBHOI'O BCAChIBaHMSI KOPHEM BOJABI U3
IIOYBHl U HATHETaHUs €€ B pacTeHHE. MeXaHU3M KOPHEBOTO JaBJICHUS
O0yCIIOBIEH  KaK  OCMOTHYECKMMH  SIBJICHUSAMH,  IPUCYLIUMHU
pacTUTEIBHBIM  KJIETKaM, TaK W  AaKTUBHBIMH  PUTMUYECKUMU
COKpAaLCHUSAMU camux KJIETOK KODHS. Tpancnmpanus,
[PECTaBIIAIOIIAs co0oii CJI0KHBIN CaMOpETYJIMPYOLUN
(GU3NONOTHYECKUIT TPOIIECC, HWCIOJB3YeT B KayeCTBE HCTOYHHUKA
SHEPrUM COJIHEUHYIO PaJUaIUIoO U IO CHIIE, KaK MPaBUJIO, IPEBOCXOIUT
«HWKHUK nBurarenb». OCHOBHYIO (DYHKIMOHAIBHYIO HArpys3ky mpu
TPaHCIMPALUHU BBIOJHAIOT YCTBUYHBIE KJIETKH, XapaKTepU3YIOIIHECS
PSAIOM  CTPYKTYpHO-(DYHKIIMOHANBHBIX ocoOeHHocTel. B mpomecce
YCTBUYHOW PEryJIMpOBKM TPAaHCIUPALUU BEIYILYK POJb, COIJIACHO
COBPEMEHHBIM IPEJICTABICHHUSM, WIPAcT padboTa KaJTMEBBIX HOHHBIX
HAacOCOB.

CooTHolIeHHE MEXly MPUXOJOM U Pacxoj0M BOJbI B PaCTEHUSX
— BOJHBIA OajmaHc — CIYXHUT (U3HOIOTMUECKUM KOHTpOJIEM 3a
B0/1000€CIIEYEHHHOCTBIO PACTEHUI U MO3BOJISIET PErYIUPOBATh BOAHBIM
PEKUM pacTeHU B yCIOBHSAX OPOLICHUS MyTEM I0JIMBa, OOrapHOM ke
3eMJIEJINIUU 32 CUET MEpONpUATHIl, 00eCHeunBaIOIIUX MaKCHUMAaJIbHOE
HAKOIUICHHE BJIary B [IOYBE U SKOHOMHOE €€ pacxojioBaHue. McxoIHbIM
MOKa3aTesieM Ui ONpeaesieHUs] BOJHOro OajlaHca SIBISETCS CyMMapHOe
BOJIONIOTpeOsieHne 3a Tmepuoj Bererauuu pacteHuid. I[lo3nanue
3aKOHOMEPHOCTEH BOJHOrO oOMeHa HeoOXOoAMMO i pa3paboTKH
palMOHAJIbHBIX  ArpOTEXHUYECKUX IPUEMOB, HANpaBICHHBIX Ha
II0JIyYE€HUE YCTONUNBO BBICOKUX YPOXKAEB.
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Padora 1. ®opMbI BOABI B PACTEHUSIX

IIo cocrostHMIO BOAY NPUHATO JETUTh Ha CBOOOJIHYIO H
cBsizaHHyto. CBoOosmHas BoJa B  PACTUTENbHBIX TKaHIX  He
yIEp)KUBAeTCd KaKUMH-TMOO CHJIaMH, CBOOOAHO NEepeABHraercs I0
pacTeHUIo M ABISETCA pacxojyeMol 4acThio BoJbl. OHa y4yacTByeT B
mpoueccax M IepenBwkeHusx. HMcmapssice B X0A€ TpaHCIMpaluH,
cBOOOHAsT BOJA CHOCOOCTBYET CTaOWJIM3allMU  TEMIIEpaTypHOTO
pexXrMa pacTeHUN.

Cps13aHHas BOJa yJE€P/KUBAETCS OCMOTHUYECKUMHU U KOJJIOMIHBIMU
cunamu. KoiiouaHo-cBsi3aHHass BoJla OOYCIIOBJIMBAeT arperaTuBHYIO
YCTOMUMBOCTh KOJUJIOUJOB, CHOCOOCTBYET MPEOJIOJCHUIO PACTEHUSMU
Pa3IUYHbIX HEOIAroNnpHUATHBIX (AKTOPOB OKPYKAIOLIEH Cpebl.

Xoa padotbl. Y JIHMCTBEB ONPENEICHHOIO spyca MPOOOYHBIM
cBepsioM OepyT 1o 20 BBICEUEK Ha KAKJOM JIUCTE ¢ IUIomasio 0.5 eM?
100 takux Bbiceuek momemarT no 10 mrTyk B GIOKCH ¢ 3MJ pacTBOpa
caxapo3bl (NpelBapUTEIbHO B3BEIICHHBbIE) W 3aKPBIBAIOT IJIOTHO
kpbimkoi, a 100 Bbicedek no 10 mTyk NOMEAIOT B IYCThIE
B3BEILLCHHbIE CyXHe OFOKChI M B3BEIIMBAIOT. BIOKCHI ¢ BhIceukamu 0e3
caxapo3bl TOMEIIAIT B CYyMWIbHBIN ImKad mpu temmneparype 100-
105°C, 3atem onpenensior o6Iee CoAePIKAHIE BObI B JIHCTHAX.

Brokcel ¢ BpIceUKaMu M caxapo30il OCTaBIsAOT Ha 6 YacoB IMpHU
KOMHAaTHOM TemmepaType. 3areM C TOMOULIbI0 pedpakToMeTpa
onpenensaoT % caxapo3bl B PE3yJbTaTe OTHATUS BOJBI OT BBICEUYEK
MOKa3bIBAaET HAJMUUE CBOOOIHOM BOJABI B TUCTHSAX.

[Ipumep pacuera:

% caxapo3bl UCXOIHOTO pacTBopa 69.9%

% caxapo3bl OIIBITHOTO pacTBOpa (O10KCHI ¢ Briceukamu) 63.0%

Bec 3mu1 ucxognoro pactBopa caxapo3ssl — 3.8992r Bec

caxapo3bl B UCXOJHOM PAaCTBOPE =

3.8992 x 69.9 =2.7138
100
Bec onbiTHOTO pacTBOpa =
2.7138 x 100 = 4.3077
63
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TEpMOCTATe MPHU pacueTe Ha Chipoid Bec - 82.5%.

VYBenuueHue Beca ONbITHOIO PacTBOPa
4.3077 — 3.8992 = 0.4085 Bec
ChIpbIX Bbiceuek — 0.6718 1.

% cBoOOaHOM Bo/bI HA chIpoii Bec = 0.4085 x 100 = 60.8%

0.6718

Conepxanue 0OImEeH BOALI IO MPSIMOMY OIPEIACICHUIO B

OTcroa KOJIMYECTBO CBA3AHHOM BOAbI = 82.5% - 60.8% = 21.7%.

Ecnu xe ompezneneHus Mpou3BecTH 2 pasa B JieHb, (YTOpOM H
JHEM) TO TpPU PA3HOCTU MEXKIY ONPEACICHUSIMH MOXKHO CYIUTh O
HaJIM4Yuu BOJHOI'O ﬂC(bHHHTa. HOHy‘leHHI)Ie JAaHHBIC 3allUCBIBAOT B
BU/JIE CIICAYIOIIUX TAOJIHII:

1. Omnpenenenue oOIIEH BOJBI B IUCTHIX
HHU Macca Orokca, T Eg Macca Orokca ¢ Bec Briceuek 8o 101
Pa TO | §- c BBICECUKAMH TIOCIIE | TOCTIe uc ei
or ro BBI Cblce BbICYIIUBAHUA, T BBICYHIWBaHMA, BO

R Pblye r B ol B

fiy | ce X g Ko™ 5

> , T
yx MU - 0
(]
2. Ompenenenue cBOOOIHOM BOJIBI B TUCTHSIX
3.
HU Macca Orwkca, T Macca Macca | Konnentpamus | Komn-Bo %
Pa 3mn BBICEe- | pacTBOpa CcBOOOJHOM | CBOOOIHO
or caxapos3bl, | 4eK, T | caxapo3sbl, % BOJEI, T BOJIBI
o | & x4 | @ 55 r Ha I oy
ny | 3m oc

po | €@y ce Ac
CT | JcCyy | xa

u
- 4. X0

bIT

nea
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Martepuansl 1 00opyaoBaHue: pactBop caxapo3sl 70%,
pedpakToMeTp, OFOKCHI, BECHI U PA3HOBECHI, CYIIUILHBIN MIKad),
MUMETKH Ha 3 MJI, MPOOOYHBIE CBEpIIa.

Pabora 2. CpaBHeHMe TPAaHCIIMPALMM BepXHell W HHXKHeH
CTOPOH JINCTA XJIOPKOOAJBTOBBIM METO0M

Hcnapenne BOAbI ¢ MOBEPXHOCTH JIMCTHEB TJIABHBIM 00pa3zoMm
MIPOMCXOJUT Yepe3 yCThUlA. YCThUIIA COCTaBIsAIOT He Oornee 1% Bcei
iouaau JHCTA. v OONBIIMHCTBA  PacTeHUU yCThULIA
MIPEUMYIIIECTBEHHO PACIIONIOKEHbI HAa HUXKHEH cTopoHe jaucta. [loatomy
C HW)KHEW CTOPOHBI JIMCTHEB MPOUCXOIUT U Hambojiee WHTCHCHUBHOE
HCIapeHKe BOIbI B BUI€ TPAHCIIUPALIUH.

Ecnu npuxarh BBICYIIEHHBI KyCOK (UIBTPOBAJIbHOM Oymarw,
NPONUTAHHOW  XJIOPUCTBIM  KOOajdbTOM, TO Oymara, morjomias
BBIICTISIFOLIMECS] B TPOIECCe TPAHCHUPALUU BOJSHBIE Mapbl, Oyaer
MEHSTh CBOIO OKpacky u3 ronyboit (mBer cyxoro CoCl2) B po3oByI0
(uBetr CoCl2 6H20 ). Ilo OblcTpoTE TIOPO30OBEHHS] MOXHO
MPUOIM3UTENBHO CYIUTh 00 MHTEHCUBHOCTH TPAHCIUPAIUH.

Xoa paborbl. Hax 2neKTpOIIMTKON MPOCYIIMBAIOT KYCKHU
XJIOPKOOAIBTOBOM OyMaru 10 SIpKO-TOJIyOOro IiBeTa. 3aTeM, TaKue
OyMaXKu MPUKIIAIbIBAIOT K BEpXHEW U HUXKHEHN cTopoHam jnucra. Jluct
3QKUMAlOT B MECTE C HAJIOXKEHHOW Ha HETro KyckamMu Oymaru ¢ obemnx
CTOPOH  JBYMs CTEKJISHHBIMHM IUlacTMHKaMmu. HaOmromator, dyepes
CKOJIbKO MUHYT HOPO30BEIOT XJIOPKOOAIbTOBbIE OYMakKKH Ha BEpXHEH
U HWKHEN CTOpoHax jucrta. IIo ckopocTu Mopo30BEeHUs ONPENEISIOT, C
KaKoW CTOpOHBI JIUCTa UcCHapeHue uaer ObicTpee. Pe3ynbraThl ombiTa
3aMHCHIBAIOT IO CXEME:

Bpewms nHabmoneHue

Cropona ucra Hauauo omnbita Komer onbiTa Bpewms mopo3oBenust
OyMaKKH (MHH)

Bepxnas

Huwxusis
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Matepuaiabl M 000pyAOBaHHe: TEpaHb, XJIOPKOOAIbTOBBIC
OyMaKKH, CTEKJITHHBIC MAJTOYKH, TUHIIET.

Padora 3. U3yyeHHe HHTEHCUBHOCTH TPAHCIHPALUU Y
Cpe3aHHBIX JUCTHEB MPU MOMOIIM TOP3MOHHBIX BECOB
Merox OCHOBaH Ha Y4eTe€ HW3MEHEHUM MacChl CpPE3aHHOIO
TPAHCIUPUPYIOUIETO JIUCTA 32 KOPOTKHUE MPOMEXKYTKH BpPEMEHH, UTO
JIaeT BO3MOXXHOCTh HAOJIOAATh TPAHCIHUPAIUIO TPU TOM COCTOSTHHH
HACBIIICHMS JINCTA BOJIOM, B KAKOM OH HaXOWJICS Ha PAaCTEHUHU.
HHTtepBan Mexy B3BEIIMBAaHUAMU HE JOJDKEH IIPEBBIIIATE 5 MUH.
[Tpu Gosiee ATUTENHHON YKCIO3UIIMHM YMEHBIIIACTCS COIEP)KAHNUE BOJIBI B
JUCTE W CHIKAETCS WHTEHCHUBHOCTH TpaHcmupauuu. [lyis OpicTporo
B3BEIIMBAHUSI UCIIOJIB3YIOT TOP3UOHHBIE Beck (puc.l.).

Puc.1. Top3nonHnsle Bechl

Xox paborbl. Top3WMOHHBIE BECHl YCTAHABIMBAIOT CTPOTO
TOPU30HTAJILHO MO YPOBHIO MPU MOMOIIM JBYX BHHTOB Ha MOJACTAaBKE
BecOB. C ONBITHOTO PACTEHUS CPE3AIOT JIUCT CPEJHETO SpYCa, HAJIEBAIOT
€ro Ha KPIOUYOK, HaXOMSIIUACS COOKY B 3aKpBITOH Kamepe U OBICTPO
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B3BEIIMBAIOT. 3aTéM JIUCT TOJBEUIMBAIOT Ha IOJCTaBKY. Takum
00pa3oM B3BEIIMBAIOT JUCThS OJHOTO M TOTO e spyca ¢ 10 pacreHuil.
Bpemst nepBoHauanbHOro B3BEIIMBAHUS KaKIOIO JINCTA 3allUCHIBAIOT U
yepe3 5 MHUHYT B3BELIMBAHMS UX IOBTOPAIOT. YObUIM B Bece JIMCTHEB
MEX/y MEPBBIM M BTOPHIM B3BELIMBAHUEM IOKa3bIBAET, CKOJIBKO BOJIBI
UCHApUIIOCh 3a 3TOT mepuoi. Pe3ynbrarhl ombiTa 3alMCHIBAIOT 110
cxeMme:

I IToBTOpPHOCTH Cymmapnsiif] Iloteps HHTEeHCUBHOCTD
Mecr BEC Boabl 10 | TpaHCHHMpanuu,
acpe| 1{ 2| 3| 45|67 | 8 | 9 10| 10 mcTbeB, | nuctesimu, mr.r/gac
ca B, mr Mr

Martepuanbl 1 000py10BaHue: IPOPOCTKU pacTeHUH (KyKypys3a,
MOICOTHEYHUK, OBEC), TOP3UOHHBIE BEChI, HOXKHUIIBI, TOJCTaBKA JIJIs
B3BEIIMBAHUS JTUCTHEB.

Pa6ora 4. Onpenesienrne HHTEHCUBHOCTH TPAHCIIUPALMHA U
OTHOCHTEJIbHOH TPAHCIHMPALMH C IOMOIIbI0 TEXHHYECKUX
BECOB

VHTEHCUBHOCTh  TpaHCHMpalMd  —  KOJMYECTBO  BOJBI,
HCHapHBHIGfICﬂ C C€IUHHIBI JINCTOBOM IMOBEPXHOCTU B CAUHULIY
BpeMeHH. BennunHa ee 3aBUCUT OT BHEIIHUX (PaKTOPOB, BPEMEHU CYTOK
¥ KoeGuercs B pegenax 15...250 r /(m” 1). MeTox ocHOBaH Ha ydere
MIOTEpPU BOJBI IIPU UCHapeHUU. MOKHO M3y4aTh TPAHCIUPALMIO LEI0r0
pacTeHHsT WM OTAEIBHBIX €T0 YacTEH.

Xox pabotbl. JIUCT ompeneneHHOTo sipyca cpe3aroT BMECTE C
yepemikoM. HwKHUNA KOHEI 4epemka NOAPE3aroT MOoA BOAOM IS
COXpaHCHUA MNEJIOCTHOCTH BOIHBIX HUTEH B IMPOBOAANIUX COCYyHIax.
3areM 4YepelloK JIMCTa MOTpyXarT B MPOOUPKY € BOJOH (crenuaibHO
CMOHTHUPOBAHHOM [UId B3BELIMBAHUSA HA TEXHUUYECKUX Becax)
IIpocTpaHCcTBO BOKpYr 4epelllKa 3aKpbIBAlOT BaTOW I yCTPaHEHMs
¢u3nveckoro ucnapeHust ¢ MOBepXHOCTH Bojbl. [IpobupKy ¢ Bomoi u
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JINCTOM B3BENIMBAIOT HAa TEXHUYECKUX Becax M ocTaBiagroT Ha 1 gac. I1o
HUCTCUCHUMU BpPCMCHU OKCIIO3UIIUMMW B3BCHIMBAHUC IMOBTOPAIOT. IIo
Pa3HOCTH C MEPBOHAYAIBHBIM BECOM YCTAaHABIMBAIOT KOJIMYECTBO BOBDI,
KOTOPOE HUCIIApHJI JIUCT 332 BpeMsl OIBITA.

Ha ocHOBaHMM TMONY4YEHHBIX PpE3YJIbTaTOB  PACCUUTHIBAIOT
WHTEHCUBHOCTh TPAHCHHMPAIUU, T.€. KOJIMWYECTBO BOJbl B TIpaMMax,
KOTOpOE MCIApSAET €IUHULA JUCTOBOM MOBEPXHOCTHU (IMZ) B CIMHULY
BpEMEHU

(1 gac).

JInst onpesiesieHus TUIOIAIM JIUCTA, MCIOIb3YIOT METO/I TOJIEBOM
JMAarHOCTUKH.  VIHTEHCHBHOCTH TPAHCIHpPAIMKA PACCUYUTHIBAIOT 10
dbopmye:

Tp.= 1000 x C = (Z/Mz/qac), 2oe:
S xt

C- yObLJIb B Bece 3a BpeMsl OIbITa, T
2
S — mIomank JIMCTa, CM*,

T — IpOJOKUTETBLHOCTD OIbITA, Yac.

Pa6ora 5. CkopocTh nepeaBuKeHUs BOAbI 10 PACTEHNIO

[lepenBrxkenre BOJBI  SBISETCS BaXHBIM 3BEHOM  OOIIEro
BO/I000MEHA. 371eCh Y4acTBYIOT HM)KHUE M BEpXHUE JIBUTATENIN BOJHOTO
TOKa, TIPEICTaBICHHBIE KOPHEBBIM JIaBICHHEM | TIPUCACHIBAIOIICH
CUJIOW JIUCTHEB.

[lepenBurkeHue BOJHOTO TOKA IO PACTEHHUIO OCYIIECTBIISIETCS KaK
0 KMBBIM KJIETKaM (KOpHS | JIUCTA), TaK U 1O MPOBOISIINM COCYyaM,
JUIICHHBIM TPOTOIIa3Mbl. [[BHKEHHE MO STUM MYyTAM MPOUCXOMIUT IO
Pa3IUYHBIM 3aKOHOMEPHOCTSIM U MTO3TOMY CYIIECTBEHHO pa3iHyaeTcs U
110 CKOPOCTH.

Jnisi M3ydeHHWsl CKOPOCTH TEPEIBM)KEHUS BOJBI HCIOIB3YIOT
pactenus (aconu (BBICEBAIOT 3a 2-3 HENENH JI0 OMbITA B SIIIUKH WU
TOPILKH) WM PACTEHMsI IIIyXOH KpamnuBbl (JIETOM).
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Xoa paborsl. B mpobupky nHamuBator 1-1.5 cM®  BOZBI,
MPEIBAPUTEIILHO OKPAIIEHHOW HEOONBIINM KOJIWYECTBOM DS03WHA.
3areM OGepyT ropuiok ¢ pacTeHUSMH (PAcoJIM, BHIKANBIBAIOT PACTEHHE C
KOPHSIMHU U KOPHU NIOTPY’KAIOT B BOLLY.

ITog BOmoOIl oOCTpOil OpHUTBOM OTpPE3arOT KOPHHU, OOpE3aHHBIN
cre0enb NPUACPKHUBAIOT B BOJE HECKOJIbKO CEKYH[, 3aTeM OBICTPO
BCTaBJISIOT CPE3aHHON YacThI0 B MPOOHWPKY C OKPAIICHHOH 303WHOM
BOJIOM M 3acekatroT Bpems. OKpalleHHbI pacTBOp MOJ JEHCTBHEM
BCACHIBAIONICH CHUJIBI JIUCTbEB OyleT MOAHUMATHCA IO COCYlaM,
okpammBass ux. Yepe3 2-5 MHH pacTeHHe OBICTPO BBIHUMAIOT U3
MpoOUpPKH, OOPHIBAIOT JUCThSI W JIE3BUEM paspe3aloT crebenb Ha
oTpe3ku UIMHON 2-3 cMm. Cneautb, 4TOOBI OTPE3KU HE CABUHYTH CO
CBOUX MECT U HE CITyTaTh UX OYEPEIHOCTb.

N3 kaxaoro orpes3ka ¢ OJHOTO €ro KOHIA ACNIA0T MOMEepPEYHBIN
TOHKHM Cpe3 W KJIaayT Ha MPEAMETHOE CTEKJIO, pacrojaras cpesbl B
TakOM JK€ TIOpsiiKe, Kak Jexar oTpe3ku. I[locime storo cpesbl
paccMaTpuBalOT MOJ MHUKpockornoM. HeoOxoaumo yCTaHOBHTH, Ha
KaKylo BBICOTY MOAHSIACH BOJA 3a BpeMs omnbiTa. OKpallleHHas: BOJa Ha
CBOEM IYTH OKpAlIMBAaeT CTEHKU COCYAOB, 4YTO OYEHb XOPOLIO
MpoCMaTpUBAETCs O MHUKpockomoM. Kak TONBKO Hamumm cpes, rie
COCYJIBI €Ille HE OKpAIICHBI, ONPEICNISIIOT BBICOTY TOIHSTHS BOJIBI 3a
BpeMs OTBITA U BBIYUCIISIIOT CKOPOCTH MIEPEIBMKEHUSI BOJIBI 3a 1 yac.

UToOBI MOKa3aTh CKOPOCThH JBMXKCHHS BOJIBI 10 JKHUBBIM KJIETKAM
KOpHsI, TaKOW e OMBIT CIIEAyeT MpojiesaTh ¢ pacTeHueMm (acoiu ¢
KOPHEBOM CHUCTEMOM.

s storo OepyT WIMPOKUN COCY/A, HAIWUBAIOT OKPAIICHHBIN
H03UHOM PACTBOP, B KOTOPHII OMYCKAIOT PACTEHUN TaK, YTOOBI HIKHSAS
4acTh KOpHS ObLIa MOTPY)KEeHa B pacTBOp. PacTeHue MpHUKPEIUIsioT Ha
mTaTUBe U OCTaBisA0T Ha 30 MUH. 3aTeM MPOJIETBIBAIOT BCE TO K€, UYTO
W B MEPBOM CIIy4ae, pa3pe3aeTcsl CTeP)KHEBOM KOpeHb U cTeOenb Ha
OTPE3KHU.

CpaBHHUTH CKOPOCTh JBIDKCHHS BOJBI TIO CTEOJII0 K KOPHIO.
Pe3ynbrarel HaOMIOIEHH 3aTTUCHIBAIOT B BUIEC TAOIHUIIBI:
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OOBEKTHI Bpemst B MuHyTax CxopocTthb
JIBUKECHUS
BOJBI, M/4ac

1] 2| 3 | 4 |5]| 30
[logusTre BOABI, CM

Crebenb -
Kopens - - - - -

Marepuanbl u o6opynoBanue: Pactenus daconu (25-30
JTHEBHBIC), PACTBOP D03HMHA, JIC3BUS, MUKPOCKOIIBI, CTEKJIA MTPEIMETHBIC,
crekna(5x15 cM), mratuB ¢ npooupkamu, Jamku [letpu.

PaGora 6. HaO.urwaeHue 3a JBH:KeHHMEM YCTbULl Y
3aMBIKAIOIIUX KJIETOK YCTBbHI] CTEHKH, INPUJIETAIONINE K YCTbUYHOU
IIEJM, YTOJILIEHbl, a HapyXHble CTeHKH ToHblle. Heonunakosas
TOJIIIMHA CTEHOK 3aMbIKAIOIIMX KJIETOK MPHBOJUT K TOMY, 4TO IpPHU
M3MEHEHMH Typropa 3aMbIKaIOLIHe KIETKH CIIOCOOHBI MEHATh (GopMmy,
OTKpbIBasi WIK 3aKpbIBasi IPU ITOM YCTbUYHYIO 1Ienb. Cliej0BaTEIbHO,
CTETIEHb HACBIIICHUS KIJIETOK BOJOH OKa3blBaeT OUYEHb OOJBIIOE
BJIUSHUE Ha JBI)KEHUE YCThUL. Pa3nnyaroT Tpu Tuna YCTbUYHBIX
NBUKEHUM:  TUAPONACCUBHBIE, T'HAPOAKTHUBHBIE,  (OTOAKTHBHBIE.
I'mpponaccuBHbBIE JBMKEHHUS 3aKpBIBAHMS CBSI3aHbl C HACBILICHHEM
BOJOM KIIETOK, KOTOPBIE OKpPYXalOT YCThbUIA. [ MApOaKTUBHBIE
3aKpBIBAHUS YCTBUI[ CBSI3aHBI C YBEJIMUYEHHUEM B CAMMX KJIETKaX yCTBHUIL
BOJHOIO J1e(hUIIMTa U C TMOBBIIIEHHEM B HUX COJEp>KaHUS aOCIIM30BOM
KHCIIOTBI, KOoTopas nojamiser pabory H+ -HacocoB Ha memOpaHax
3aMBIKAIOIIUX KJIETOK. OTO MPHUBOJUT K CHIKEHUIO Typropa
3aMBIKAIOIUX KJIETOK M, CIEA0BaTENbHO, 3aKPBIBAHUIO YCTBMII.
@DOTOAKTUBHOE OTKPBIBAHME YCTBHUI] COCTOMT B YBEJINYEHHM IIHPUHBI
YCTBUYHOW WIEJM NpPH MOBBILEHUM HWHTEHCUBHOCTH OCBEIIECHHUS
(rmaBHas poJIb IPU 3TOM OTBOAMTCS CHHEMY IIBETY).

Heap padorebl. HabmonaTh 3a YCThbUYHBIMU JIBYKEHUSIMU B BOJIE
U pacTBOpE IIIMLEPHUHA.
Xox pabGorel. IIpUroroBUTH HECKOJIBKO CpPE30B  HUIKHETO

SMUAEpPMHUCA JUCTA W TIOMECTHTh MX Ha 2 4 B 5%-HBI pacTBOp
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riviepuHa. [UIeprH MPOHUKAET B BAKyOJIHM 3aMBIKAIOMIMX KIIETOK,
MOHIKAET WX BOJHBIA MOTEHIMAT W, CJIEIOBATENIbHO, MOBHIIMIACT UX
CHOCOOHOCTH moriouarh Boay. Cpes3bl MOMEIIAIT Ha IpeaMeTHOe
CTEKJI0O B TOM K€ pAacTBOpPE, OTMEYAIOT COCTOSHUE KIETOK H
3apUCOBBIBAIOT X (puc.1.)

PCTRMSHRE WAk TloxREAH e
) SHMENSI0INE KACTEN )

FCreun ol "J.A}

sroponaacra  ff
~

N 3
snmoeymxHds 4y

Heytonmieman NMyosmEnnan
oh0 10N OhHOOT RN

Puc.1. Ycrpnunble KIeTKH

3aMeHUTh [JIMLIEPUH Ha BOJY, OTTATHMBas U3-NOJ CTEKJa
¢unbTpoBanbHO  Oymaroil. Ilpu 3ToM  nmomkHO  HaOMIOIATHCS
OTKpbIBaHUE YCTbUYHBIX Ienel. Ilpemapar 3apucoBaTh. 3aMEHUTH
Boay 20%-HbIM pacTBOpOM IuiniiepruHa uiau 1 M pacTBopoMm caxapo3bl.
[Ipu 3TOM TOJKHO HAOJIIOAATHCS 3aKPHIBAHUE YCTHHUIL.

3apucoBaTh YCTBHIIA B BOJE M BOJHBIX PACTBOpax TJIHIIEPHHA
(caxapo3sl). B BEIBOgax 0OBSCHUTH MIPHYUHY YCTHHUYHBIX JIBUKCHUH.

Martepuanbl u odopynoBanue. PactBopsl riunepuHa (5%-Hblil u
20%-nb1ii i 1 M pacTBOp caxapo3bl); MUKPOCKOIIBI; TIOKPOBHEIE U
IpeIMeTHBIE CTEeKIIa; PUIBTPOBAIbHAS Oymara; OI0KC; JIUCThS
KOMHATHBIX pacTeHUH (BUJ yKa3bIBA€T NPENOJABATENb).
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Tema 5. MUHEPAJIbHOE ITHTAHUE PACTEHHH

Bce mporecchl KU3HEAEATENBHOCTH, B TOM 4Hcie (POTOCUHTE3,
HEBO3MOXHBI 0€3 y4yacTHs MHUHEpAIbHBIX BEIIECTB, H3BIEKACMbIX
pacTeHUs MM M3 I0YBbl. MMHEpAIBHBIE BELIECTBA HEIOCPEACTBEHHO
BIIMSAIOT HA COCTOSIHUE MPOTOILIACTA PACTUTEIBHBIX KIETOK, YY4aCTBYIOT
B (DepPMEHTATUBHBIX PEAKIHAX, UTPAIOT POJIb B U3MEHEHUH Typropa u
MIPOHUIIAEMOCTH LUTOIUIA3MBbl, CIY)KAaT LEHTPaMU JJIEKTPUYECKUX
SBJICHUM B PACTUTEIBHOM opranusMe. [103ToMy MHTEHCHBHOCTH pOCTa
pacTeHHMil, a cleIoBaTeNIbHO, M YPOXAWHOCTb C/X KyJbTYp, B
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3HAYUTEIBHON CTEMEHW ONpPENeNsieTCs  YCIOBUSAMH  IOYBEHHOTO
MUTAHUSL.

[TornoTurenbHas CIOCOOHOCTH KOPHS 3aBHUCUT KaK OT CTETIEHHU €T0
Pa3BHUTHUSA, TaK ¥ OT (POPMBI COACPIKAIIUXCS B IOYBE SJICMEHTOB MTUTAHUS
W YCIOBUH OKpyKaromed cpensl. lIporecc mNOMIOIMIEHUS BEIIECTB
YCIOBHO JenuTcss Ha JnaBe (asel — (¢daszy aacopOuMu HOHOB
MOBEPXHOCTBHIO IMTOIIA3MATUYECKOH MEMOpaHbl U KIIETOYHOH CTECHKHU
U ¢a3zy NPOHUKHOBEHHUSI MOHOB uepe3 IazmanemMmy. KopeHsb sBiseTcs
METOJIOM CHHTe3a psiia (UTOrOpMOHOB, (HOCPOPHBIX IPHUPOB TPUO3 U
IeKCO03, BEIIECTB BTOPUYHOTO IIPOUCXOKICHHS.

OcHOBHBIE JIEMEHTHI TUTAHUS — a30T, (HochHOp U KaIHid 3aMETHO
BJIMSIFOT Ha BHEIIHHWH OOJIMK, TEMIIBI POCTa U PAa3BUTUS PACTCHUH, T.C.
urparoT  (GopmMooOpa3yroulyr0 poib. A30T, B YaCTHOCTH, HMEET
Ype3BbIYAHO OOJIBIIOC 3HAUCHHE B KH3HH PACTCHUW — OH SIBJISICTCS
00s13aTeTbHBIM KOMITOHEHTOM aMHHOKHCIOT M OeNKOB, XJjopoduiria,
HYKJICMHOBBIX KHCIIOT, MHOTUX ()épMEHTOB, BATAMHHOB, (PUTOTOPMOHOB
U JIpYyIrUMX SKU3HEHHO BaXHBIX coeAuHeHui. JIoOblie ynoOpenus,
CoJiepKalie a30T, - OPTraHWYECKHUE WIM MHUHEpalbHbIC, B TI0YBE
MPEBpAIAlOTCSl B OCHOBHOM B HHUTPAThl. PacTBOPEHHBIC HHUTPATHI
BOCCTaHABJIMBAIOTCS B PACTCHUU JI0 AMMOHHS U BKJIFOYAIOTCS B COCTaB
OopraHmuyeckux  coenuHeHuit. Ilpm  ypesmMepHOM  yBETHMYEHUU
yIOOpPEHUSMU DPACTEHHsI HE CIPABISIOTCS C a30THBIM IUTAaHUEM U
HUTpPAThl HE HAKAIUIMBAIOTCS B HUX. VI30OBITOK HUTPATOB B
pPacTUTENFHOW TPOAYKIIMH TOKCHYECKH BO3JCHCTBYIOT Ha OpraHU3M
YeloBeKa WJIHM KUBOTHOTO, YMOTPEOWBIIErO ATH MPOAYKTHI B TUIILY.
[ToBeIlIIEHHOE COMIEpP)KaHME HUTPATOB OTPHUIATENILHO CKa3bIBAETCS M Ha
COXPAHHOCTH CaMUX PACTUTENbHBIX MPOIYKTOB.

B npouiecce pocta u pa3BUTHS MEHSETCSI MOTPEOHOCTh PACTEHHUIA B
KaX/JIOM U3 DJEMEHTOB NHWTaHWs. Hampumep, Ha paHHHX OJTamax
OHTOT€HE3a IS MHTEHCHBHOTO  (DOPMHUPOBAHHS ACCUMILTUPYIOIINX
OpraHOB PACTEHHIO HEOOXOIUMO OOJBINE a30Ta W KaJWs, a K Hadalry
3aKJIaJKi PENpPOAYKTUBHBIX OpraHoB — Ooubie docdopa, 4TO CBI3AHO
IpEeX/Ie BCEro C YCWJIEHHEM 3HepreTuyeckoro obmena. [locpenctBom
PETyIAIMA MUHEPATHbHOTO MUTAHUS MOYXHO CYIIECTBEHHO BIHTH Ha
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HACTYIUIEHME CpPOKOB LIBETEHHMS U IIJIOJOHOLICHMS, aKTUBHOCTb
00pa3oBaHMs BEreTaTUBHOM Macchl, 00pa30BaHME KEHCKUX U MYKCKUX
LIBETKOB y pacTeHuid. Bce 310 ciefyeT yuuThIBaTh MIPU UCIIOJIb30BAHUU
MHTEHCUBHBIX TEXHOJIOTHUI.

PaGora 1. Bausinue oTAe/IbHBIX 3JIEMEHTOB
NUTATEJIbHOM CMeCH HA POCT pacTeHui

Hckimouenune m000ro U3 Makpo- U MUKPOIJIEMEHTOB MPUBOJIUT K
paccTpoicTBY CTPYKTYp U OOMEHa BEIECTB PACTEHUMN, TOPMOKEHUIO UX
pocrta u B mocienyromem - K rudenu. OHAKO BUANMBIE TOBPEKICHUS
MPOSIBIISIIOTCS HE Ccpady W He oaHoBpeMeHHOo. Hawmbosee ObICTpO
CKa3bIBAaCTCS HMCKIIOUEHHE a30Ta M KalblUg: TEpPBOro M3-3a
HECIIOCOOHOCTH K MTOBTOPHOMY HCIOJL30BaHUIO WM peyruiusanuu. K
HEPEYTWIIM3UPYEMBIM WM TPYAHO YTHIM3UPYEMBIM MUHEPAIbHBIM
AJIEMEHTaM OTHOCSTCS MHOTHE MHUKPOS3JEMEHTHI, Kpome Oopa, ceseHa,
MBIIIbSIKA, BBICOKOM CTENEHBIO PpEYTHWIM3AUUMU OTJIMYAKTCS a30T,
docdop, cepa, Kaymii, HATPU, B MEHBIIICH cTenieHn — Marauii. [ToaTomy
HEJIOCTATOK TIEPEUMCICHHBIX AJIEMEHTOB MPOSBIAECTCS B JJIUTEIBHBIX
ombITax (6oyee IBYX HENETh).

Xoa padorpl. Pabory mpoBomsT B OIpelnelieHHOM IUIaHE.
[ToapICKMBAIOT CTEKJISTHHBIE COCY/BI, TIIATEIBHO MOIOT, MOHTHUPYIOT U
MOAOUPAIOT COOTBETCTBYIOIINE KPBIIKUA AN cocynoB. Ompenenstor
KauecTBO IIOCEBHOIO MaTepuaa, a TakKe TOTOBSAT NUTaTEIbHBIC
pacTBOpPBI Al BOAHBIX KyIbTyp. B kKauecTBe muTaTenbHON cMecu AJis
BOJHBIX KYJIBTYp HCHOJB3YIOT IIMPOKO MPUMEHSEMYIO MHUTATEIbHYIO
cMech KHoma.

B Tom cnyuae, ecnu HY»XHO HCKIIOUUTH OTHEIBHBIC AJIEMEHTHI,
HarpuMmep:

1) w3 cMecH UCKITIOYHTH Kamwid, To coiib KH2PO4 3ameHsoT
NaH2PO4+H20, a cons KC1 3amenstor NaCl;

2) cmech ¢ uckmouenueM pocdopa: KH2PO4 3amenstor KC1;

3) cmech ¢ uckmouenuem azota: Ca(NO3)2 3amenstor CaS04.2H20.
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Hoanblii nuTaTebHbIH pacTBop KHona

HasBanue coneit

Xumuueckast popmyna

Hal nBogbI BT

A3OTHOKHCIIBIN KaIbIIUN
Kanuit hocopHOKHCITBIIM
CepHOKHCIIBIN MarHui
XJIOPUCTHIN KaJIHii
XJIOpHOE KENE30

Ca(NO3)2
KH,PO,4
MgSO4 7H20
KCI
Fe,CLg

1.00

0.25

0.25
0.125
0.125

Taxum 06pa30M, 3aKjIaJiIka OIIbITa COCTOUT B IIPHUIOTOBJIICHHUU

IIUTATCIIbHBIX CMGCCP’I, HocCaaKu paCTeHI/Iﬁ B 0OaHKM WJIM CTEKISHHEIE
cocyabl. IloaroroBneHHbIE IPOPOCTKH BBICAXKUBAIOT B CIIELUAJIbHBIC
OTBEPCTHSl IPUCIIOCOONEHHON I O3TOM LEId MNOJUATHIECHOBOU
KPBILIKH, YKpeIIsisi MX KyCOYKaMHM HETMIPOCKONHWYECKOM BJaru.
CMOHTUPOBAaHHOH TakUM OOpa30M KpBILKOH 3aKpbIBalOT OaHKY,

MOTPY3UB MPU 3TOM KOPHU PACTEHUI B MUTATEIbHBIA pacTBOp(pHC.1.).

Bo3ayx

I'lpopocTok
KYKYPY3bl

_—TIlpobka

f—— CrexnannbIit
LHIIHHID

L ITuraTenbHbIR
pacTBop

Puc.1. IIpopocTok B IMJIMHPE C MUTATEIBHBIM PACTBOPOM

3areM, UMHUTHUPYsl IOYBEHHBIE YCIIOBHUS, 3aKpPBIBAIOT KOPHH OT
CBeTa, 00epHyB OaHKY HENPOHUIIAEMbIM YEPHBIM OYMaXKHBIM YEXJIOM.
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CHapyxu 0aHKy 00OpadHMBarOT, JTUCTOM O€noil Oymarw, 3aKperuB €ro
TOHKMM IIIaraToM W 00O3HAYMB HA HEM BapUaHT OMbITa, (pamumuu
CTY/ICHTOB, TIOCTaBHBIIUX OTBIT, U HOMEP y4eOHOM TPYIIIIBL.

banku ¢ pacTBOpaMu CTaBST Ha XOPOIIO OCBEHICHHOE MECTO U
BEeAyT 3a HUMH CHCTEMaTH4ecKue HaOmoaceHus. PexomeHmayeTcs
MEPUOIMYCCKH MPOAYBATh PACTBOPHI C TIOMOIIBIO PE3HHOBOW TPYIIH H
o Mepe HaJOOHOCTH JIOJIMBATh JUCTHIUIMPOBAHHYIO Boay. Uepes 2-3
HEJENW TMPOBOJAT YYET PE3yJIbTAaTOB OMbITa. llomyuyeHHBIC IaHHBIC
3aHOCST B TaOJHILY, aHATTU3UPYIOT, JCNIAIOT BBIBOIBI.

Martepuanbl u obopyaoBanue: 10-m1HEBHBICE MPOPOCTKH
3]IAKOBBIX PACTEHHH, PEaKTUBbI, MEpPHBbIC IMJIWHAPHI Ha 1 JI, BECHI
TEXHUYECKHE, CTaKaHbl XUMUYECKHE, CTEKJISTHHBIE Oanku Ha 0.5 nutpa,
MaTepuana IS YeXJIOB, TOHKHH IIIarar, CTCKISHHBIC IaJOYKA H
TpyOOUKH, TPYIIM IS TPOAYBAaHUS PACTBOPOB, IUCTHIUTHPOBAHHAS
BOJIA.

Pabora 2. AHTaroHu3mM HOHOB

Cwmsdryaromiee BIMSHHE, OKa3bIBAEMOE OJHUM KaTHOHOM Ha
JEUCTBUE JPYroro KaTHOHA, HAa3bIBAIOT AHMASOHUSMOM  UOHOS.
AHTaroHu3M MOHOB HIPOSIBISETCS KaK MEXIY Pa3HbIMU MOHAMHU OJIHOMN
BaJieHTHOCTH (Hampumep, Nat u K+), Tak U MeXIay HMOHAMHU pa3HOM
BanieHTHOCTH (K+ 1 Ca2+). Xoa padothl. B 4 3anHymepoBaHHbIE YaIlIKK
Iletpm  ykiIajbIBalOT  KPYXKKH  (QUIBTpOBaJbHOW  OymMaru
PacKiIa/ibIBatoT Ha HKX 10 20 HaKJ‘IIOHYBH_II/IXCSI 3EpeH AIMEHS (puc.1.).




Puc.1. Yamka IleTpu ¢ HAKJIIOHYBIIMMHCS CeMEHAMM MIICHUIbI

B nepByto wamky Ilerpu mamusaror 15 mu 0.12 # pactBopa KCl,
B0 BTOpyIo — 15 M1 CaClz, B Tpetsio — 13 mut KCI + CaClz, B ueTBepTyio
— 15 M1 mucTHIIIMPOBAaHHOM BOJBI. Bce yamiky 3akpbIBalOT M CTaBST B
TEeMHBIH mKad mpu KOMHATHOW Temreparype Ha Heaemto. Yepes 2-3 nus
YalIKd PEKOMEHJYeTCsl OTKPbITh U TNPOBETPUTH. Yepe3 Henemo
U3MEpPSIOT JJUHY BCEX KOPELIKOB, 00O0OIIAalOT pe3ysbTaThl, JAENAIOT
BBIBOJIbI.

Matepuajbl U 000pyI0BaHHE: PACTBOPHl XUMHUYECKH UYUCTHIX
CoJel, HaKJIIOHYBUIMECS 3epHa suMeHs, dvamku Ilerpu, nuHueT,
¢uibTpoBanbHas Oymara, TMHENHKa, BOCKOBOW KapaH/alll.

Padora 3. ®U3H0JIOrHYECKH KUCJIbIE H 1IeJOYHbIE COJIU

Quzuonocuyecku KUCIbIMU Ha3bIBAIOT COJIA, U3 KOTOPBIX PAacCTEHHUs B
OCHOBHOM YCBauBAalOT KAaTHOHBI, a AHUOHBI, KOTOpBIE OCTalOTCA B
pacTBOpe, MOAKUCIIAIOT IIOYBEHHBIIO CPENY.

Du3zuonozuyecku wenr0uHblMY Ha3bIBalOT COJIU, U3 KOTOPBIX PACTEHUS
YCBaMBAIOT IPEUMYIIECTBEHHO AaHMOHBI, a KAaTHOHBI, OCTAIOTCS B
pacTBope, MOAIIEIAYNBAIOT TPYHTOBYIO CPEY.

Xoa pa6otbl. B oqny npobupky HanuBaroT pactBop NaNos, a B
apyryto - pactBop NH4Cl (mpumepno mo 18 mm). Omnpenenstot
ucxogHyro pH pacTBopa ¢ NOMOIIBIO YHHUBEPCAIBHOTO WHAMKATOpA.
BricaxxuBaroT B Kaxayr HpoOHpKy mo 3-4 mpopocTKa, 3aKperuisist Ux
BaTHOM mpoOkoi. Kaxayro mpoOHpKy HOKpBIBAIOT 4YepHOl Oymaroif,
YTOOBI NPEAOXPAHUTh PACTBOP U KOPHHU PACTEHUM OT AEUCTBUS CBETA, a
CBEpXy OOEpTHIBAIOT JIMCTOM Oenoii OyMaru, COOTBETCTBEHHO
STUKETHPOBAaHHOW (Ha3BaHHE coyid, (haMuiInu, HOMep rpynmnsl). Bce
NpOOUPKH CTaBAT B LITATUB M Pa3MEIAIOT HAa XOPOIIO OCBELICHHOM
Mmecte. Yepes 1-2 Henenu BHOBB ompenenaroT BenuuuHy pH pactsopa,
JIeNa0T BBIBOJIBI.

Marepuanbl M 000pyaOBaHHE: TIPOPOCTKH SUYMEHS WIIU
nenuiibl, pactBopbl NaNos u NH4Cl (ro 0.2 r Ha 1), npoOupkwu, BaTta,
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TeMHass Oymara, ¢apdopoBasi daiika, YHHUBEPCAJIbHBIA WHAMKATOP,
TOHKMI LII1arart.

PaGora 4. Onpeneienne coaepKaHuss HUTPATOB B PACTEHUH
H Pa3/IMYHBIX €ro opraHax

Omnpenenenue conepKaHUs HHUTPATOB B COKE, OTXKATOM U3
crebyiel, YepemKkoB U IUIACTUHOK JIUCTA, TO3BOJISIET CYAWUTH O
BOCCTaHOBJICHUU HUTPATOB B KOpHIX: (1 MCHBIIIC B HHUX
OOHapy)KUBACTCsS HHUTPAT- HMOHOB, TEM aKTUBHEEC IPOHCXOJIUT ITOT
nporecc B KieTkax KopHs. CONOCTaBlIEHHE COJCPIKaHUS HUTPATOB B
pa3IMYHBIX OpraHax pPACTCHHs, HAlpPHMEp, B YepelIKax, IUIACTHHKAX
JIMCTa, KOPHSX, JaeT MPEICTABICHHE O HUTPATPEAYKTa3HOW aKTUBHOCTH
STHX OPTaHOB.

Xox pabGorbl. Kycouek uepemka W JIMCTOBOM IJIACTUHKU
WCCIIEyeMOT0 pacTeHusi pa3MHHAIOT B (apdopoBoii crymke. Oxny
KaIUTFO COKa, MOJIyYEHHOTO MPH PACTHPAHMU KAKIOTO KyCOYKa TKaHH,
CMELIMBAIOT C KaIrUle qudeHnIaMruta B cepHo kuciote. [Ipu Hannunu
B TKaHIX PAaCTCHUs HUTPATOB HAOJIOIACTCS IIOCHHEHUE TAHHOW CMECH.
CylecTByeT KOppPEISTHBHAS 3aBHCUMOCTh MEXIY WHTCHCUBHOCTBIO
IIOCUHEHHUS U KOJIMYECTBOM HUTPATOB B TKaHsAX. Mccaenyrot 2-3 pa3HbIx
pacTCHUuA WX OJHO PpPaCTCHHUEC, BBIPAIICHHOC B PAa3HBIX YCIOBHAX
BOAHOI'O pCKUMa, MUHCPAJIbHOI'O IMUTAHUA, THTCHCUBHOCTH OCBCUICHUA
U T.J.

Matepuanbl ¥ o0oOpyloBaHMe:  pacTe€HHUs,  pacTBOp
nudeHnIaMrHa B cepHoOM kucnote, ¢apdopoBas cTymnka, CTEKISTHHAs
najouka, papdopoBas mIacTUHKA, PUILTpOBATBHAS OyMara, JIe3BUS.

PabGora 5. MukpoxuMu4ecKkuii aHAJIN3 30J1bI
B pasnmuHBIX = opraHax pacTeHHH  COAEPKHUTCS  pazHOe
KOJIMYECTBO DJIEMEHTOB MHHEPAJTHHOTO MUTAHUsS: B JHCThAX — 10 — 15
%, B cemenax — okoiyio 3 %, B ApeBecuHe — okoyio 1 %. D10 cBsA3aHO B
MEPBYIO OdYepenb C OTIMYUSAMH B META0OJMYECKOW aKTHBHOCTH
pa3IMYHBIX TUMOB TKaHed. Ha copepikaHne MUHEpaTbHBIX JJIEMEHTOB
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TAaK)X€ OKa3blBa€T BIIMSHUE COCTAaB M BIAXHOCTh I10YB, BHUIOBBHIE
0COOEHHOCTH, BIHSIOIIME HA MOTJIOIEHUE COJIeH, BO3PACT PACTEHHIHA.

MukpoxuMmu4ecKkui aHaJIN3 MIO3BOJISIET YCTaHOBUTH
KOJIMYECTBEHHBIE M KAYECTBEHHBIC OTJIMYUSA COCTaBa 30Jbl Pa3HBIX
OpraHoB. B ero ocHOBe JIEKUT CIIOCOOHOCTh HEKOTOPBIX PEAKTHUBOB IIPH
B3aMMOJCHCTBUM C 30JIbHBIMU DJIEMEHTAaMHU JaBaTb COCOUHCHMS,
OTIUYAIOIINECS CHEIM(PUISCKONH OKpackod wim (HOpMON KPHUCTAIUIOB
(puc. 9).

Xoa pa6orbl. HacwimbTe B mpoOUpKY HEOOJBIIOE KOJIUYECTBO
neria u 3aneire ero 4-kpatHeiM o0beMoM 10 %-ro pactBopa coiisiHON
KACIOTBL. OTQUIBTPYHTE NOTYYCHHBIH PpACTBOpP Yepe3 CKIIAAUaThIi
bunesTp.
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Puc. 9. Tumaunsie GOPMEI KPHCTAIOE:
A) cvasdaTa KaJbLHA;
B) docdopHOAMMHEAITHOMATHESHIHOH COH;
B) x3C10T0 BHHHOKHCIOTO KaJlHA;
T') docdopHOMONTHOIEHOBOKHCIOTO aMMOHHA

[TonydenHblil GuUABTPAT UCHONB3YHTE A KaueCTBEHHOrO aHalln3a
Ha HAJIMYME WOHOB Kajus, KaJbIHs, cephl, ¢pocdopa, Maraus, xemiesa.
Jlist 3TOrO HAa MpPEAMETHOE CTEKIIO Ha paccrosiHuu 0,5 cM Apyr oT npyra
HaHEeCUTE Karuiio (QuiIbTpaTa M KaIullo PeakTHBAa HAa COOTBETCTBYIOLIHMA
noH (cM. Huke). Kaxaplii peakTMB HAaHOCUTE OTIENBbHOM CTEKISTHHOM
najnoyko wunm nunerkod. CoenMHHMTE 3TH KallId C  [OMOIIBIO
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CTEKJIIHHOW TMaJO4yKH JyrooOpasHbIM KaHaioMm. Yepez 15 wmuH
PacCMOTpPHUTE IOIYYEHHBIE IMpenaparbl I0J MUKPOCKOIIOM Ha MajoM
yBenndyeHuu. OTMeTbTe (HOpMy U OKpacKy HaOJIIONAeMbIX KPUCTAJUIOB.
Pesynprarhl 3anummTe B TaONMILy.

MuKpoXuMHUYeCKUl aHAJIN3 30J1bI PACTEHU I

OOGHapyKUBaeMbIii PeaxtuB [Tonyuennq ®opma
3JIEMEHT (dbopmymna, KOHIIEH- BIIIECTBO

(pucyHOK)

Peaktus Ha momsl K': 1 %-ii pacTBOp KMCIOTO BMHHOKHCJIOTO
HaTpHs.

HOOC-CHOH-CHOH-COONa + KCI 0 HCOO-CHOH-CHOH-COOK + NACI

Kpucramipl KUCIOr0O BHUHHOKHUCIIOTO KalMus HMEIOT BHJl KPYIHBIX
HIPU3M.

Peaktn Ha wmomel Ca’": 1 %-ii pacTBOp CEpHOM KHCIOTHL. B
pesynbrate peakuu CaClz + H2So04 O CaSo, + 2HCI  oOpa3yercs ruric,
KOTOPBI MMEET BUJ WIOJbYATHIX KPUCTAJUIOB M IYYKOB HIOJIbYATHIX
KPHUCTAaJJIOB.

PeakTnB Ha MOHBI Mg2+: 1 %-ii pacTBOp (poCHOPHOKUCIOrO HATPHUS.
Jnss  mpoBenmeHWs  OTOW  pEaKUWH  TOJYYEHHYI)  BBITSIKKY
MIPEABAPUTEIIBHO HEUTPAIM3YIOT aMMHUakoM. JUIss 3TOro B Karulo
BBITSDKKM BHecuTe Karmo 10 %-ii amMmMHauHOM BOJBI U TOJBKO MOCHE
3TOr0 HAHECUTE Ha TMPEeIMETHOE CTEKJIO HEOOXOAMMBIH pEaKTUB.
Peaxius unert no ciaenymomemMy ypaBHEHHUIO:

MgCl, + Na;HPO,4 + NH3 O NHisMgPO, + 2NaCl.

Kpucramnsl ¢pochopHoaMMuauHOMarHe3snaabHOW COJMM UMEIOT BHJ
AIUKOB, KPBILIEK, 3B€3/1 WJIH KPbUIbEB.
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Peaktu Ha woHbl POs>: 1 %-ii monuOmar aMmoHus B 15 %-i
a3oTHOM  kucmore. Ilpm  3TOM  OOpasyercs  3€JICHO-)KENTHIH
KpUCTANINYECKUN 0casok (ochopHO-MOINOIEHOBOKUCIOTO aMMOHUH,
KOTOPBII CO BpeMEHEM NpHoOpeTaeT Bce 00J1e€ HHTECHCUBHYIO 3€JIEHYIO
OKpACKY:

H3PO, + 12(NH,),M00, + 21HNO; O (NH,);PO, x 12Mo0O4 + 21INH,NO; + 12H,0

3+ .
PeaktuB Ha noHbl Fe™ : jxenras KpoBsiHasi coib. B pe3ynbrare 3TOM
peakuu oopa3yercs OepaIuHCKas 1a3yph (Tory0oe OKpalTiBaHKE):

4FeCls + 3K4[Fe(CN)e] O Fes[F CN)g]s + 12KClI

2-. o
PeaktuB Ha SO47: 1 %-ii pacTBOp a30THOKHCIOTO CTPOHIIHS.
Peakuust uaet no ypaBHEHHIO:

Na,SO, + SI’(NOg)Q 00 SrSO,4 + 2NaNO3

OOpa3yloTcss MEJKUE 3aKpyIJIEHHbIe KpPUCTAUIbl, Yallle B BUJE
MHOT'OI'PAaHHBIX [TACTHUH.

Crenaiite BbIBOJ O HAJIMYUU OOHAPYKEHHBIX 3JIEMEHTOB U YKa)KUTE
MPUYMHBI pa3andHoro cogepxanus OMII B opranax pacteHuil.

Marepnansl u oOopyaoBanme. JlpeBecHbIi 1menen, 301a,
MOJIyY€HHasl MpPH CHKUTaHUM JIMCThEB JpPeBECHbIX pacTeHuil, 10 %-it
pacTBOp COJSTHOW KHUCIOTHI, 1 %-i pacTBOp KHUCIOTO BUHHOKHUCIIOIO
Hatpus, 1 %-i pactBop cepHoil kuciaotel, 1 %-il pacTBOp
bochoproxucnoro Hatpusi, 10 %-it pactBop ammuauHoi Boabl, 1 %-if
MoJuOaaT aMMOHHUA B 15 %ii a30THON KHCIIOTE, JKesTasi KpOBsSHAs COJb,
1 %-it pacTBOp a30THOKMCJIOIO CTPOHIMSA, XMMHUYecKas mpoOupka (2
IIT.), CTEKJISIHHAs BOpPOHKa Majas, MpeaMeTHble cTekna (6 1miT.),
CTeKJIsIHHBbIE TpyOouku (7 1IT.), CTEKJIsHHbIE TMajJoyku (6 1IT.)
buIbTpOBaANbHAS Oymara, OyMaxKHBIN buibTp, HIIaTeNb
METAJIMYECKUM, HOXXHUIBL, IUTAaTUB JUIsi MNPOOHPOK, CIUPTOBKA,
Mukpockon «buonam 70-P.
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Pa6ora 6. luarnocTuka 3a00/ieBaHN PACTEHUH NPHU IOJIOJAHUU
10 3JIeMeHTAM MUHEPAJILHOI0 MUTAHUSA

Pacno3naBaHve npu3HAKOB TOJIOJAHUS PACTEHUN, BBI3BIBAEMBIX
HEJOCTATKOM 3JIEMEHTOB MHHEPAJIbHOIO MUTAHMS KpalHE BaXKHO A
yCTpaHEHHUs  NPU3HAKOB  3a00JieBaHUS  IyTeM  CBOEBPEMEHHOM
MOAKOPMKU. CHUMITOMBI HEIOCTATOYHOCTH MHUHEPAIBHOTO IUTAHUA
pacTeHUil MO>KHO pa3/IeiUTh Ha JABE IPYIIIbL:

Ilepsyto epynny COCTaBISIIOT TJIABHBIM 00pa3oM CHUMITOMBI,
IIPOSABIISAIOIIMECS HAa CTapbIX JIUCThAX pacTeHus. K HUM oTHOcsTCS
CUMITOMBI HEJOCTaTKa a3oTa, ¢ocdopa, Kamus, LUUHKA U MarHus.
OueBuHO, MpPU HENOCTATKE B IIOYBE YKA3aHHBIX JIIEMEHTOB OHHU
MEepPeMEeIaloTCs B PAcTeHUM M3 0oJiee CTaphlX YacTeid B MOJIOJbIE
pacTyllKe YacTH, Ha KOTOPBIX HE Pa3BUBAIOTCS PU3HAKU TOJIOAAHMS.

Bmopyio epynny cOCTaBISIOT CHUMITOMBI, HIPOSBISIOLIMECS B
TOYKaX pocTa U Ha MOJOABIX JUCTbsAX. CHUMOTOMBI 3TOW TIpYIIIbI
XapaKkTepHbl AJI HEIOCTaTKa Kajbplus, Oopa, cepbl, )Kene3a, MeAu U
Maprasna. [Ipucrynas k onpeneneHuro NpUYMHbI HApYUIEHUSI TUTAHUS
pacTeHHuid, cielyeT Mpexae BCero oOpaTuTh BHUMAHUE Ha TO, B KaKOU
YacTU PacTeHHsI MPOSBISIIOTCS aHOMAJUU, OINpenesss, TakuM o0pa3om,
rpynny  cuMmnrtomoB. CHUMIOTOMBI  nepgou  2pynnvl,  KOTOpbIE
O0OHapyKUBAIOTCS TJIABHBIM 00pa3oM Ha CTapbIX JIMCThSIX, MOTYT OBIThH
pa3OuTHl Ha JBE MOATPYMIBL: 1) B OOJBINEH WM MEHBIIEH CTETICHU
obmue (HepocTaTok azora u pocdopa); 2) TOKaIbHBIE — HOCSIT MECTHBIN
XapakTep (HeJJOCTaTOK MarHusi, IMHKA U KaJIus).

Bmopasa epynna cuMNTOMOB, TNPOSBISIONIMXCA Ha MOJIOABIX
JMCTOYKAX WJIM TOYKAX pOCTa PacTEHUs, MOXKET ObITh pa3duTa Ha TpU
MOArPYHIBI, KOTOPbIE XapaKTEepU3yIOTCs: 1) MOSBICHUEM XJI0pO3a, WIH
MOTEPEN MOJIOABIMU JIMCTHIMH 3€JICHOM OKpacku 0e3 MocieAyrolen
ru0eny BepXyLIEYHON MOYKH, YTO YKa3blBA€T HA HEIOCTATOK JKeje3a,
ceppl OO Mapranma, 2) THOETBI0  BEPXYIICEYHOH  TOYKH,
COIIPOBOXAAIOIIEHCS TOTEPEN €€ JHUCThSIMH 3€JIE€HOW OKpacKd, 4TO
yKa3bplBa€T Ha HENOCTATOK KajblMg JMO0 Oopa; 3) MOCTOSHHBIM
YBSIJAHUEM BEPXHHUX JINCTHEB, UTO YKa3bIBAET HA HEJOCTATOK MEAM.
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Heas paboThl: aUarHocTHKa 3a00J€BaHUN pACTEHUH MpH
TOJIOJJAHUH T10 DJIEMEHTaM MHUHEPATHHOTO MTUTAHUS

Xox padorbl. 3apanee coOuparOT OONBHBIC JHUCTHS U
MOBPEXJCHHbIE TMO0ErH  pa3iuyHbIX pacteHuil. [lpm  momonm
MPEeroIaBaTelsi U C UCIOJIb30BaHUEM MMEIOLINXCS aTiIacoB, MOCOOUN H
TaOJIMLIBI CTABAT JUArHO3 3a00JI€BaHUS PaCTEHUI.

[Ipu3naku 3a007eBaHUl pacTeHUI IPU TOJOJAHUH O DJIEMEHTaM
MUTaHUS:

sazoma — OneAHO-3€JeHass OKpacka HWXHHUX JIUCTHEB, JHCTHA
MeJKue, CTeOeIh TOHKUH, XPYIKHMA, MTOXKEITeHNE U OOJIeTHEHNE TUCTa
HAUMHACTCA C JKWIOK W TMPHICTAIONIMX K HUM o00JacTed, Ha JIUCTe
MOKEJITEBIIM OT HEIOCTaTKa a30Ta HET 3€JCHBIX KHJIOK; YCHIIUBAThH
a30THOE TOJIOZJaHHE MOTYT KUCIIbIE TIOYBBI.

s ocpopa — TemHO-3eNeHas, TONyOOBaTas OKpacka JIUCTHEB,
3aMeIsieTcsl POCT, YCHIIMBAETCS OTMHpAHUE JIMCTHEB, 3a/IeP>KUBACTCS
[[BETEHUE U CO3pEBaHue, MPU CHUIBHOM TOJOJAHUH MOSBISAIOTCA Oypbie
WIA KpacHO-Oypble MATHA IMPEBPAIIAIOUINECs B JBIPBI; Yalle BCETO
BCTPEYAETCS Ha JIETKMX KHCIBIX IIOYBAaX C MAaJbIM COJEpKaHUEM
OpTaHUKH.

* Kanus — TOXKeNTeHue, ModypeHrne KOHYUKOB JIUCTa, 3aKPyYHUBaHUE
KpaeB JINCThEB K HU3Y, pa3BUBaeTcsa Oypasi MATHUCTOCTh, OCOOCHHO TIO
Kparo JTUCTA, KUJIKU KaXXyTCs MOTPYKEHHBIMH B TKaHb JIUCTA; MPU3HAKH
KaJTMHHOTO TOJOAAHMsS SIPKO BBIPAKEHBI HA CHUJIBHOKHCIBIX MOYBaX H
Py U30BITOYHOM BHECEHUU KaJIBIIHSI 1 MATHHSL.

* MacHusi — OCBETJICHHE JIMCTHEB, MEXIY J>KWIKAMH TOSBISIOTCS
msTHAa OEJIoro, OJIEHO-KENTOro IBETAa M3MEHEHHE OKPACKH B JKENTYIO,
KpacHyl0, (HOJETOBYIO, MPH 3TOM KUIKU U TPUIETAIONINE K HEMY
4acTU OCTArOTCS 3€JeHOr0 IBeTa, KOHYMK JIUCTAa U Kpas 3arudaroTcs,
MOPIUIUHSAT, TUCT MPUOOPETAET BEITHYTYIO (POpPMY; SIPKO IPOSBISETCS HA
JIETKUX KHUCIBIX TIOYBAX U MPH N30BITOYHOM BHECCHUH KaJTHS.

s Kanvyuss — HEKPo3 (OTMUpaAHUE) KpaeB JIUCTHEB, BEPXYIICUHOU
MOYKH, KOpPHEH, JHUCThS XJIOPOTHYHBIC, WCKPUBICHHBIC, Kpas WX
3aKpyYMBAIOTCS KBEPXY, JHUCThbS HEMPABWIBHOW (HOPMBI, Kpas MOTYT
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UMeTh Oypyl0 OMNaJeHHOCTh, Je(PHUIMUT YacTO TMpPH H30BITOYHOM
BHECCHUU KU

* JKcene3a — paBHOMEPHBIN XJI0p0O3 MEXKAY KHUIKaMu, OJieiHO3e/IeHas],
KenTas OKpacka JHMCTbeB 0Oe3 OTMHUpaHHUs TKaHeH; daile Bcero
BO3HUKAET MPHU U30BITOYHOM H3BECTKOBAHUH MOYBBI.

«060pa — OTMHpaHHE BEPXYIICYHBIX IOYEK, KOPEIIKOB, JIUCTHEB,
OMaJaHue 3aBsA3€i, MOJIOJbIE JIUCTbS MEJKHE, OJeIHbIe, CHIBHO
ne(popMUpOBaHHbIE;

*MeOu — 3aJep)KKa pocTa, OTMHUpaHHME BEpXyLIKH mobera,
npoOyxaeHne OOKOBBIX MoueK. JIMCThS mecTpble, OJieAHO-3ENEHBIE C
KOPUYHEBBIMH ITHAMH, BSUIbIE, YPOJJIUBBIE.

s MapeaHya — XJIOPO3 MEXAY JKWIKAMH JIUCTa — Ha BEPXHHUX
JUCTBAX MEXIY JKMIKAaMHU TMOSBIAIOTCA SKEITOBATO-3€JE€HbIE WIN
KEJITOBAaTO-KOPUYHEBbIE TMATHA, JKWIKM OCTAIOTCA 3€JEHBIMH, 4TO
IpUaeT JUCTY NecTphlii BUJ. B nanbHeiIieM ydacTKH XJIOPO3HBIX
TKaHell OTMHPAIOT, IIPU ITOM MOSABJISIOTCS MATHA Pa3lIuYHON (OPMBI U
okpacku. [Ipw3Hakm HemocraTka TMOSBIAIOTCA TPEKIE BCEro Ha
MOJIOJBIX JIUCTBSX U B MEPBYIO OYepellb Y OCHOBAHUS JIMCTHEB, a HE HA
KOHYMKAX, KaK [TPH HEJTOCTATKE KA.

* cepbl — 3aMeJUIeHHe POCcTa cTebel B TONIIMHY, B OJeIHO-3eJIeHOM
OKpacke JIUCTheB 0e3 oTMHpaHMs TKaHel. [Ipu3Haku HemocTaTka cepsl
CXOJHBI C TPU3HAKAaMH HEIOCTAaTKa a30Ta, IMOSBIIIOTCS OHU TIPEXIE
BCETO Ha MOJIOJBIX PACTEHUSIX.

* YuHKa — MeJKHe, CMOPIICHHbIE, Y3KHe JIMCThS, KpamdaTble H3-3a
MEXOKHIIKOBOTO  XJIOpPO3a, TOOETM TOHKHE, KOPOTKHE, XapakTepHa
«PO3ETOYHOCTHY», BETKH C KOPOTKUMH MEXI0Y3IHUIMU.

s MOMuOOeHa — CTPYKTYPHBIM KOMIIOHEHT »5H3uMa ((epMeHT),
KOTOpBIM CHM)KAaeT HUTpaThl K aMMuakKy. be3 »Toro cunre3 OelkoB
3a0JIOKUPOBAaH W POCT pacTeHus mpekpamiaercsi. CeMeHa HE MOTYT
(bOpMHPOBATECS TIONHOCTBIO, M HENOCTATOK a30Ta MOXKET MPOU30UTH
€CIM  pacTeHUsIM  HEJOCTaTo4HO  MonubOneHa. Momubaen  —
€IMHCTBEHHbI W3  MHUKPODJIEMEHTOB,  IOIJIOIIEHHE  KOTOPOTO
yBenuuuBaeTcs ¢ yBenuueHueM pH. JlaHHbIe BHOCAT B TaOIHILy.
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YcranopieHue JruarHosa 3a00JIeBaHUs I10 IIpU3HAKaM TOJIOJaHHA

pacTeHui
Bun Opran Omnwucanue | Pucynok | Jlnarno3 | CriocoObl
pacrenus | (mo0er, | mpusHaKkoB yCTpaHEHHs
U MecTo | JTUCT: TOJIOTAHUS 3a00JIeBaHNI
oGuTanus | BEPXHAH,
HIDKHUN )

Martepuanbsl u  000pyaoBaHHe: aTjachl W KHUTH C
WUTIOCTPALUSIMU TIPU3HAKOB TI'OJIOJAHUs, NpenapoBaibHasl WUIJIa, JIyla,
ounokynsp. Pactenus: repOapHble JHCTBI OOJIBHBIX  PACTCHMIA,
CIUPTOBBIE MIPerapaThl OPraHoB OOJIBHBIX PACTECHUI.

Tema 6. OBMEH U TPAHCHOPT OPI'AHUYECKHX
BEHIECTB B PACTEHUHAX

Obmen ewyecms — MPOIECC, TTOCTABIISIIONIUNA BCE HEOOXOIUMBIE
IS KU3HESSATEIbHOCTH OpraHu3Ma COeIUHEHHUs, Takke sHepruto. OH
BKJIIOYAE€T OTPOMHOE KOJINYECTBO B3aUMOCBS3aHHBIX (U3NYECKUX U
XUMHUYECKUX PEaKIHi, 11eJeHANPaBICHHO MPOTEKAOIIUX MPU YUaCTHH
(bepMeHTOB.

HepBI)IM HUCTOYHHUKOM OpTraHU4YCCKUX BCIIIECCTB pacTCHUA
SBJSIIOTCS ~ TIEPBUYHBIE  CTAOWIbHBIE TPOAYKTHI (oTOCHMHTE3a —
¢bpykTO3a, TJIIOKO3a, caxaposa, IMEepBUYHBIN Kpaxmaia. Bce apyrue
OpPraHUYeCKUEe COEJUHEHUS CUHTE3HPYIOTCS U3 IMPOMEKYTOUYHBIX
BEIIECTB, OOpa3yIOIIMXCS IPH OKUCIEHWH YIIEBOJOB B Ipoliecce
IbIXaHus ¢ Hcrnonb3oBaHueM HHeprun AT® u  sIeMeHTOB
MHHEPAJIBHOI'O IMUTAaHUA. PeaKHI/II/I OMOJIOTMYECKOr0 CHHTE3a IIPOTCKAIOT
MIPHU Yy4acTUH crieliupuueckux (epMeHTOB, XapaKTep JeHCTBUS KOTOPBIX
3aBHCHUT OT BHEIIHUX (aKTOPOB (TeMIiepaTypbl, KUCIOTHOCTH, a3paliuH,
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COJIEBOTO COCTaBa Cpelbl), a Takke OT CBA3M (epMeHTa C
LHUTOIUIA3MAaTUYECKUMU CTPYKTYPaMH.

CopepxaHue B pAacTEHUAX OEJIKOB, aMHUHOKHUCIOT, YIJIEBOJOB,
JUNUA0B, BUTaMUHOB, J3(QUPHBIX Macel U JPYruX COEAMHEHUH B
3HAQUUTEJIbHOM OIpeNeseT KadyecTBO YpO)Kas, a, CIEJOBATEIbHO, U
MATATEIbHYIO IEHHOCTh PACTUTEIBHBIX IPOJAYKTOB.

VYTneBosl — Ir1aBHAsE COCTABHAS YacTh pacTeHUU. B OonbIIMHCTBE
c/x pacteHuil kommdectBo yrieBoaoB 80-90% cyxoit wmaccel. B
OTIENbHBIX OpraHax M TKaHSAX pacTeHWil B mpeodiagarolieM
KOJIMYECTBE COJEPIKATCA PAa3HbIE YIIEBOAbL: B IUIOJAX M OBOLIAX —
MOHOCaxapuIbl U caxapa; B CEMEHax 3JaKoB M O0OOBBIX KYyJbTYp, a
TaK)Ke B KIYOHSIX — KapTodens — KpaxMmall; B APEBECUHE U COJIOME —
LEJUII0I03a, TEeMULEIUII0I03bl, IEHTO3aHbl. Pa3nuuHble BKYCOBBIE
KauecTBa IUIOJOB, SArOJ, OBOLICH CBSI3aHbl IMPEXKAE BCEro C
npeo0iajaHueM B HUX Pa3HbIX [0 COCTaBY PACTBOPUMBIX YIIIEBOIOB.

PacturenbHble KUpHI, WIA Macia, - TJIABHBIM 3aIIACHOW MPOIYKT
ceMsiH OonplIMHCTBA  pacTeHWd. JKupel B CeMEHax  MOTYT
HAKaILUIMBATHCAd B 3HAYUTEILHOM KoilnuyecTBe — 10 30-40% oOmiei
Macchl 1 10 5060% macchl aapa. Becero B cocTaB pacTUTENbHBIX KUPOB
MOXET BXOAUTh 10 S50 pa3iIuuHbIX JKUPHBIX KHUCJIOT, 4YeM H
00yCIJIOBIIEHBI X PA3HOOOpa3HbIE CBOMCTRA.

benku cocTaBisSlOT MarepHalbHYI0 OCHOBY PpacTUTEbHOTO
opranuszma. OHM CITy’)KaT BaKHEHIIEH COCTAaBHON YaCThIO ITUTOTUIA3MBlI,
B TOM 4YHCIIe MEMOpaH, KJIETOYHBIX OPraHesl, MHOTHUX OHOJOTHYECKH
aKTUBHBIX BemiecTB. CBolcTBa OEIKOB 3aBUCAT OT Habopa W MOpsAKa
Yepel0BaHUsI aMMHOKHUCIOT B UX MOJieKynaX. belku urparoT BaKHYIO
POJIb B MUILEBOM pallMOHE YeJIOBEKa M )KMBOTHBIX U IMO3TOMY Npoliema
TIOBBIIICHUST MX COJEpP’KaHUSI B  PACTUTEIBHBIX MPOAYKTax SIBISETCA
UCKJTIOYUTENIBHO aKTyalbHOM.

Hapsiny ¢ BemecTBaMM OCHOBHOTO OOMEHa B PaCTUTEIHHBIX
KJIETKaX HaKaIUIMBAETCs JIOKAJIbHO CHUHTE3UPYEMbIE M MEJIEHHO
nepeMeniaeMble BEUIECTBA BTOPUYHOTO MPOUCXOXKIACHUS — AIKaJIOUIbI,
[JIMKO3U/IbI, TEPIIEHOUIBI U JIP.
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Pabora 1. 3anacHble BeliecTBa pacTUTEJIbHON KICTKH

BemectBa KMBOrO COAEPKMMOIO PACTUTEIBHOW KIETKH -
MpoTOIJIacTa M HPOAYKTBI ~ €r0  KU3HEIEATEIbHOCTH  OYEHb
pa3zHoO0pa3HbL. Y CIOBHO UX OOBbEIUHSIOT B JIBE TPYIIIIbI:

1)  komcmumyyuoHnHvle, BXOJSIIUE B COCTAB )KUBOW MaTepuu, U
y4acTBYIOLIME B OOMeHe BemecTB (Oenkd, HYKICHHOBBIE KHCIOTHI,
JIUIHU/IBI, YTJIEBOMBI U 1. );

2)  opeacmuueckue exarouenuss (Tped. opeon - paborta) -
npejacTaBistone co00il  KOMIIOHEHTBHl MPOTOIIacTa, Hrparoliue
BCIIOMOTaTeNbHYI0 pOJb B €ro JKU3HM U sBIAOIIKEcS JHOO
MCTOYHMKAMU MAaTEPUU M YHEPTUU MPH POCTEe U paboTe )KUBOHM KIICTKH,
00 OTOPOCHBIMH MPOIyKTaMH ee¢ Merabonmusma. OmHM W3 HHX -
3aracHble BEILECTBA, T.€. BPEMEHHO UCKIIIOUEHHBIE U3 Mpoliecca 0OMeHa
BemlecTB (OenmKy, TUIUIbI, YIIEBOMAbI: KpaxMmall, UHYJIUH caxap u Ap.).
Jpyrue BeniecTBa - KOHEYHbIE TPOLYKThI, HAIPUMEP, COJIA KaJIbLIUS.

Kpaxman (mocne LEJUTEOJIO3BI) SIBJISIETCS CaMbIM
pacrpoCTpaHCHHBIM B PACTHUTEIBHOM MHpE yriieBogoM. Kpaxmai
obpasyercst B XJIOPOILTacTax BO BpeMs dborocunHTE3a

(accumunayuonnviti unu nepeuunviti kpaxman). I1o3xe OH paspyiiaeTcs
U CHHTE3UPYETCS B aMMJIOIUIACTAX KaK 3aNACHOU WU GMOPUYHDBLIL
Kpaxmar.

Kpaxmanbhble 3epHa uMeroT pasHyto ¢popmy (puc. 1) u oOpa3yroT
CIIONCTOCTh BOKPYI' OJHOH TOYKH, HAa3bIBAEMON 00pazosamenbHuim
yenmpom. BO3HUKHOBEHHE CIIOMCTOCTH MPHUITMCHIBAIOT YEPEIOBAHHIO
IBYX YTJIEBOJIOB amunia3vl (TMHEWHBIE MOJIEKYIIBI) U AMULIONEKMUHA
(pa3BeTBIEHHBIE MOJIEKYNbI). PacrosnoxeHue cia0eB MOXKET ObITh
KOHYenmpuyeckum (Hampumep, y 371akoB U 6000BbIX) (puc. 21, b; 24) u
oKcyenmpuyeckum (Hampumep, y kaprodens) (puc. 21, A). B
MOCJEeIHEM ciydae, TOYKa, BOKPYI KOTOpPOW OTKJIAQJAbIBAIOTCS CIIOH,
HAXOJIUTCS HE B IICHTPE 3€PHA, a CABHHYTA BOOK.

AMMIIOTITACT MOXKET cojJepkaTh OAHO (MPOCTOE 3EpPHO) WIH
HECKOJIBKO KpaxMaJbHBIX 3€peH (MOJyCIOoXXHOE W CiioxHOoe). Eciu B
JeMKoIUIacTe MMeeTcss OJHAa TOYKa, BOKPYT KOTOPOM OTKIJIAJbIBAIOTCS
CIIOH, TO 00pa3zyeTcs npocmoe 3epHo, €Ciiu Be U 0ojee, TO o0pazyeTcs
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CNIOJICHOE 3epHO, COCTOsIIIee KaK OBl M3 HECKOJBKUX MPOCTHIX.
Ilonycnoacnoe 3epno 0bpa3yercsi B TOM Cllydae, €Clid KpaxMai CHaJyasa
OTKJA/JbIBAETCSI BOKPYI HECKOJBKMX TOYEK, a 3areM II0CIe
CONPUKOCHOBEHHUS MMPOCTHIX 3€PEH BOKPYT HUX BOSHUKAIOT OOILIHME CIIOU.
dopma KpaxMalbHBIX 3epeH CBO€0Opa3Ha y KaxKJJ0ro BU/A.

B knyOHsX reopruna, 3eMJISHOM TPYLIM, KOPHSAX OJyBaHUMKa U
OPYIMX pacTEHUN CEMEHCTBA CJIOKHOLBETHBIX KJIETOYHBIM COK
COACPKUT OJIM3KMHA K Kpaxmally YIJEBOJ UHYAUH, OTINYAIOUIHICA OT
KpaxMaja pacTBOPUMOCTBIO B Boje. Ilpum neucTBumM cnmpra HHYIHH
KpUCTAILIIU3yeTcs, 00pa3yeT Tak Ha3bIBAEMBIE CQhepoKpUCALilbL.

benxu - 370 OCHOBHBIE OPraHMYECKUE BEILECTBA, ONPEIEISIOINE
CTPOEHHE U CBOMCTBa JKMBOW MaTepuu. B ompeneneHHble (asbl
pa3BuTusl OENKM MOTYT OTKJIAJbIBaThCA B 3arac. 3aracHbie OenKd
HauboJIee YacTo OTKJIAAbIBAIOTCS B BUJIC 3€PEH OKPYTJIOW UM OBAJIbHOM
(OpMBI, Ha3BIBAEMBIX A/1€POHOBLIMU. ITO TIPOCTHIE OENKH - POTEHUHBI.
Onu OTKJIa/IbIBAKOTCS B BAKYOJISX WIn JeHKoIIacTax
(anmeiipoHomuacTsl). 3amacHeIMM Oe€JIKaMU OuYeHb OoraThl ceMeHa
000OBBIX H 3JIAKOBBIX pACTCHHWH. boNbIIOe KOIUYECTBO OCIKOB
HAXOJUTCS B KJIETKaX, pacHoJIOKEHHBIX 0]l CEMEHHOW KOXYpOH, B Tak
Ha3bIBAEMOM a1€UPOHOBOM CJlOe.

Jlunuowi BKJIFOYAIOT O0BIIYIO rpyniy COEIMHEHUN
OMOJIOTUYECKOTO MPOUCXOXKAEHUS. JIMMUBl ABISIOTCA CTPYKTYPHBIMH
KOMIIOHEHTaMH KJIETKH (BXOJIAT B CcOCTaB MeMOpaH, o00pa3yoT
JUNUAHBIE KAIlJIM B IUTOIUIa3ME) WM S3PracTUYECKUMH BEILECTBAMHU.
3amacHple Macila OOBIYHO  OTKJIAJAbIBAIOTCA B  JIEHKOIUIAcTax,
Ha3bIBAEMBIX 0.1€0NAACMAMU.

Xox padoThI:

3aganme 1. IlpuroroButh U  paccMOTpPETb BPEMEHHBIE
MHKpOIIpenapaThl KpaxMalbHBIX 3epeH KiyOHs kaptodens (Solanum
tuberosum), 3epuoBok mmenuisl (Triticum aestivum), osca (Avena

sativa), kykypy-
3bI (Zea mays), puca (Oryza sativa), mioaa IPEUNXH
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(Fagopyrum sagittatum). ITpou3BecTr peakIiyio Ha Kpaxmaia pacCTBOPOM
fiona B Momucrom kamuu. CpaBHHTH (DOPMBI KpaXMalbHBIX 3€pEeH Yy
pa3HbIX BUJOB PACTEHUM, CAENIATh UX PUCYHKHU.

IocnenoBarenbHOCTh paboThl. OTpe3aTh MaleHBKUH KycOdYek
KIIyOHs KapTo(ens ¥ cienaTb UM Ma30K Ha IMIPEIMETHOM CTEKJIE B Karljie
Boabl. Ilpu s5TOM U3 paspymieHHBIX KIETOK B BOAY MEPEXOMAST
KpaxMallbHbI€ 3€pHa, B pe3yJibTaTe Yyero oHa MyTHeeT. Kario HakpbITh
MOKPOBHBIM CTEKJIOM W PACCMOTPETh NpU MaOM U OOJIBIIOM
yBenudeHuu. [Ipu OoJbIIOM YBETUYEHUH XOPOIIO BUAHBI OBAJIbHBIC U
AWLIEBUIHBIE 3€pHA KpaxMalla C 3KCLEHTPUYECKON CIOMCTOCTBIO (pHC.
21, A). Ilpu paccMOTpEHUHU CIIOUCTOCTH CIIEAYET MPUKPHITh quadparmy
KOHJICHCOpa M CJerKa BpallaTb MUKPOMETpPEHHBIH BHHT. Haiitu wu
3apUCOBATh MPOCTHIE, CIOKHBIC U MOTYCIOKHbIE KpaXMaIbHbIEC 3epHA.

Puc. 1. KpaxmaJsibHble 3epHa pa3jiM4YHbIX BU0B PACTEHUI:

A - kaptodens (Solanum tuberosum); b - mmenura (Triticum
aestivum); B - oec (Avena sativa); I - puc (Oryza sativa); /I - kykypy3a
(Zea mays); E - rpeunxa (Fagopyrum sagittatum).

1 - mpocToe kpaxManbHOE 3€pHO, 2 - CII0KHOE, 3 - MOJIYCII0XKHOE.

VY puca oBanbHBIE CIOKHBIE KpaxMajbHbIE 3€pHAa M3 IPOCTHIX,
OUEHb MEJIKMX I'PaHEHBIX 3epHbIlIeK (puc. 1, I).
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Jlisi IPUTOTOBJICHUSI TPENapaToB KpaxMaJbHBIX 3€peH 3epHOBOK
NIICHUIIB, OBCa, KYKypy3bl, pUca W IUIOAA TPEUYHXH, pa3pe3aTrb H
U3BJICYb KOHYMKOM HIJIbl HEOONbIIME KYCOUKH 3HIOCIEpMa Ka)Joro
BUJIA, IEPEHECTU UX B KAIUIM BOJBI Ha IPEMETHBIE CTEKJIA, PAa3PBIXJIUTh
UTJIONW, HAKpPbITh MOKPOBHBIMU CTEKJIAMH M PacCMOTPETh Ipenaparsl
10JT MEKPOCKOIIOM.

VY nmeHunsl KpaxMmajibHbIE 3epHa OOBIYHO JIBYX THUIIOB: MEJIKHE
OKpyIJble W JHH30BUAHbIE. Ha Oojiee KpyNMHBIX 3€pHaX €aBa BHUIHA
KOHIIGHTpUYECKast CIOUCTOCTh (puc. 1, b).

KpaxManbHble 3epHa OBca MeEJIKHME, OBajlbHbIE, ClOXHbIe. [Ipn nx
pasBUTHH B JIEHKOIUIACTax BO3HMKAIOT  MHOTOYHUCIICHHbIE
o0Opa3oBaTeNbHbIE LIEHTPbI, KOTOpble B CHOPMHUPOBAHHOM 3€pHE, Kak
IIPaBUJIO, HE BUIHBIL. VX ciiorcTocTs He 3ameTHa. ClI0KHOE 3epHO JIETKO
pacragaercsi Ha OTIENbHBIE COCTABIISIONINE €ro 3epHBIIKH. [loaTomy
HAa MHUKpOIIperapare MOXXHO HaONI0JaTb MEIKHWEe YIJIOBaThle W
MHOT'OYHUCJICHHBIE POCTHIC 3epHa (puc. 1, B).

KpaxMmanbHble 3epHa KyKypy3bl IMpOCTbl€, MHOTOIpaHHBIE, CO
CIIaKEHHBIMM yriamu. B 1neHTpe ux BuaHa TpeuiuHa, mno Qopme
HaINlOMUHAOIIAs ITPUX, TaJ0UYKy WK 3Be3/10uKy (puc. 1, JI).

KpaxManbHble 3epHAa TIpeuuxH OYEHb MEJKHE, HeNpaBUIbHON
dbopmbl. B mosne 3peHuss MUKpOCKONa OHU OOHAPYKUBAIOTCSA JTUOO IO
OJIMHOYKE, MO0 B CKOIUICHHSX, COOTBETCTBYIOIINX OYEPTAHUIO KIIETKH.
CrnoucrocTh KpaxMaJIbHbIX 3€peH He 3aMeTHa. Horzna B LIEHTpe 3epHa
BUHA TpemuHa (puc. 1, E).

PeaktuBOM Ha KpaxMman CiyXUT cia0blii pacTBop Hozma B
HomuCTOM KaldMM. 3aMEHUTh BOJly PpEaKkTUBOM U HaONoJaTh
MIOCTENIEHHOE OKpalllMBaHWE KpaxXMaJIbHBIX 3€peH OT clabo-CHHEero
[[BETA JI0 TEMHOCHHETO ¥ YEPHOTO.

3apucoBaTh 3€pHa BCEX PACCMOTPEHHBIX BHIOB, COITOCTABIISIS MX
pa3mepsl U GOPMBI.

3aganue 2. Paccmorperh cdepokpucTaulbl MONHMcaxapuaa
WHYJIMHA Ha cpe3e KiayOoHs TomuHamOypa (Helianthus tuberosus) (puc.
2).
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IocnenoBarenbHOCTh  paboThl.  [IpUrOTOBHTH  BpEMEHHBIH
MHUKpOIIpernapar IMOMepeyHoro cpe3a KIyOHS TOMMHaMOypa B Karie
mmnepuHa (B Boae  CHEPOKPUCTALIBI  OBICTPO  PacTBOPSIIOTCS).
Cdepoxpuctamibl COCTOST W3 MHOXKECTBA HWIVIOBUIHBIX KPUCTAILJIOB.
OHu OBICTPO pa3pacTaroTcs, 3aXBaTbiBas HECKOJIBKO KJETOK. CTeHKU
3THX KIETOK BHUAHBI B  CpEpoKpHCTAIIE TpPU  IOJb30BAaHUH
MHUKPOMETPEHHBIM BHHTOM.

Puc. 2. Cpepoxpucrauibl (1) B KjIeTKax KJIyOHsI TOMHHAMOypa
(Helianthus tuberosus).

3aganme 3. PaccMOTpeTh ajepOHOBBIN CIIOH, ajlelpOHOBBIE U
KpaxMaJIbHbI€ 3€PHA Ha IOCTOSHHOM MHKpOIIpEnapare IMONEepeYHOro
cpesa 3epHOoBKH mineHuinl (Triticum aestivum). 3apucoBats pparMeHT
cpesa u cjaenatb 06o3HaueHus (puc. 3).
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Puc. 3. 3anmacHble BemecTBa B 3€PHOBKE MIIEHHIBI
(Triticum aestivum) Ha momepeYHoM cpe3se:

1 - OKONOIIOAHHUK, 2 - KOXKYypa CEMEHH, 3 - alelpOHOBLIH o, 4
- AOpO, 5 - KJIETKH 3HJAOCIEPMa C KpaxXxMaJbHBIMH 3€pHaMH, 6 -
KpaxMaJbHbIE 3€pHa.

IocnenoBarenbHOCTh paboThl. [lpn ManoM yBenMUeHUH HaWTH
TOHKHIM Y4YacCTOK Cpe€3a, Ha KOTOPOM BHIHA 30JOTHCTasl IOJIOCKA W3
KJIETOK aJICUPOHOBOTO CJIOS, PACIIOJIOKEHHOTO Cpa3y ke MO/ KOXYpou
CEMEHH M TTOKPOBaMU 3epHOBKHU. B pesynbrare peakiuu ¢ HoaoMm Oerok
npuoOpeTaeT IKEeNnTyr  okpacky. Ilpu  OoriblioM  yBeNTWYEHHH
paccMOTpeTh IJIOTHO COMKHYTBIE KJIETKH aJIeHpPOHOBOTO  CIOS,
MMEIOIIHNE KyOuuecKyto (GopMy, 3ar0JTHEHHbIE METTKUMH aJICHPOHOBBIMH
3epHamu. MlHOT/1a B IIEHTpE KIETKH 3aMETHO sapo. B riy0xke mexanimx
KJIETKaX DJHJOCTepMa 3€pPHOBKM BHUIHBI  KpaxMajbHbIE 3€pHA.
3apucoBaTh HECKOIBKO KIIETOK aJIEWPOHOBOTO CIOS, KOXKYPY CEMEHH,
CpPOCHIYIOCS C  OKOJIOIUIOJHUKOM, M  KIETKM DJHJOCHepMa C
KpaxMaJbHBIMU 3€pHAMU U C/IeJIaTh 0003HAUYCHHUS.

3ananue 4. [IpuroToBUTH BpPEMEHHBIH  MHKpOIpEnapar
nornepedHoro cpesa cemenu dacomau (Phaseolus vulgaris), momectuts
€r0 B KaIUII0 HoJa B HOJOUCTOM KaJIUM C [JOOABIEHHEM KaILIH
ruepuHa. PaccMoTpeTs mnpu OOJBIIOM YBETMYEHHH COJEPKUMOE

KJIETOK - aJIeHpOHOBbIE U KpaxmajbHble 3epHa. Crenatb pUCyHOK (pHC.
4).
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Puc. 4. 3anacHble BemecTBa B KJeTKe ceMeHH (acosiu
(Phaseolus vulgaris): 1 - npocteie aneiipoHOBbIC 3epHa, 2 -

KpaxMaJlbHOE 3€pHO.

[ocnenoBarenbHOCTh paboThl. HaiiTh mpu Manom yBeaHMueHHH
TOHKUM ydacToK cpe3a. Ilpu OonblIOM yBENTWYEHMM, BHUJHO, 4YTO
ceMsanoisl acoid COCTOMT M3 KPYHHBIX MMApPEHXMMHBIX KJIETOK C
HEOOJIBIIMMU MEXKJIETHUKAaMH. BHYTpH KIJIETOK XOpOLIO 3aMETHBI
Oosbllle OBaJIbHBIE CHHME KpaxMalbHblEe 3€pHAa U MEXIy HUMHU -
30JI0TUCTOXKENTHIE IPOCTHIE AEHPOHOBBIE 3€pHA. OTMETHUTH, YTO
KpaxMaJlbHbIe 3epHa (acoiar 3aMETHO OTIMYAIOTCS OT 3epeH KapTodens
OYEPTAaHUSMHU, CJIOSAMHU PABHOMEPHON TONMMIMHBI (KOHIIEHTPUYECKON
CIIOMCTOCTBIO) M HAJIWYMEM TpPEUIMH Ha MecTe 00pa3oBaTEeNIbHOIO
1eHTpa. OObSICHUTH OKpAIllMBaHNE KPaXMaJIbHBIX U aJIEHPOHOBBIX 3€pEH
pacTBopoM Hoja B HoaucroMm kamuu. [Ipu OonbIIOM yBeTHYEHUU
3apHcoBaTh KJIETKY CeMeHH (acomu, OTMETUTh KpaxMallbHble H
aJICPOHOBBIE 3€PHA.

Marepuanbl 1 0060py10BaHue: KyCOUKHU KIYOHs TolnHMHamMOypa
(Helianthus tuberosus) (Beiaep»xantbie B 96% -HOM CIOHpPTE B TEUCHHE
7-10 nmeit), xaprodemns (Solanum tuberosum); npenBapuTenTHHO
HaMOYCHHbIe 3epHOBKHM mmieHumbl (Triticum aestivum), osca (Avena
sativa), kykypy3bl (Zea mays), puca (Oryza sativa), mioasl rpeduxu
(Fagopyrum sagittatum), cemena ¢acomu (Phaseolus vulgaris),
MOCTOSIHHBIA MuKponpenapart "[lonepeynsiii cpe3 3epHOBKH MIIEHUIIbI
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(Triticum aestivum)"; riuiepuH, pacTBoOp Hoja B HOJIUCTOM KaJluH,

Pabora 2. CBoiicTBa MOHOCAXapPU/JI0B, IMCAXAPUAOB H
MOJINCAXaAPH/I0B

Vene6o0bi — OOMIMPHBIA KJIacC MPUPOJHBIX OPraHHYECKUX
COCIMHEHUH, KOTOpPBhIE B 3aBHCUMOCTH OT CIIOCOOHOCTH K THAPOJIH3Y
MOJPA3ENAIOTCd HA NPOCTbIE M CJIOXHBIE YIIIEBOIBL. [Ipocmbimu
yenegooamu — MOHOCaXapuJaMH WIM MOHO3aMM — Ha3bIBAIOT
YIJI€BOABI, KOTOPbIE HE CIOCOOHBI I'MIPOJIM30BATHCS ¢ 0Opa3oBaHUEM
Oosiee MpoCThIX coenrHeHni. K mpocThIM caxapaM OTHOCST, HallpuMep,
TIII0K03Y, (PYKTO3Y, KCUIIO03Y, apaOMHO3y U T. M. BONBIIMHCTBO ATUX
BEILIECTB UMEET COCTaB, COOTBETCTBYIONINI 001IeH hopmyIie
C,,H2,0,,. Cnoorcnvie yenesoOvt — 3TO YIIAEBOIbI, CIIOCOOHBIC
THJIPOJIN30BAThCsl ¢ 00pa30BaHMEM INPOCTHIX yriaeBojoB. X pensar Ha
IBe Tpynmbl: 1) HHM3KOMOJEKYJSpHbIE (caxapomojoOHble, WM
OJIMrOcaxapujbl)  IOJMCaxapuapl U 2)  BBICOKOMOJEKYJISPHBIE
(HEecaxapomno100HBIC) MOIMCAXAPUIBI.

Xoa pa6orsl: 1. [{ng ompeneneHus MOHOCaXapuaOB TIIFOKO3bl U
GpyKTO3bl B PACTUTENIBHBIX OOBEKTaX IOJb3YIOTCS PEAKTUBOM
demmHTa, TPUTOTOBJICHHBIM TI0 perientaMm [lacrepa.

OunIIeHHBII ¥ BBIMBITBIH KOPHEIUIOJN MOPKOBH HATHPAOT Ha
tepke. [lomyuennyro mesry (3-5r) nepeHocsaT B TEpMOCTOMKYIO KOOy,
npubaBisA0T 3-5 M TUCTUIUIMPOBAHHOM BOJBI, KUMIATIT U (QUIBTPYIOT
yepe3 OyMaXKHbIN (QHUIIBTP.

B npobupky HamuBaroT 1-2 MI mosiyueHHOro (QuibTpara,
npubaBiIAOT paBHBIM 00beM >KuAKOCTH DesiMHra W HarpeBaroT [0
KHTICHHSL.

B ToMm cnywae, ecniu B HcciaenyeMbIX OOBEKTaxX COAEpIKaTCs
IJII0KO3a U (pyKTO3a — BOCCTAHABIMBAIOLIME caxapa, TO oOpa3yercs
KpacHbBI 0OcCalioKk 3akucu Meadn. KommdyecTBO oOcajika OIEHHBAIOT 10
36amnbHOl cucreme. Ecnu ocagka B mpoOUpKe MHOTO, a HaJJOCAA04YHAs
KHMJIKOCTb HEOKpAIlleHHasl, TO aKTUBHOCTb (hepMeHTa HauBbIclIass — 3
6amna. Ecnu HamocamouHas KHJIKOCTh Cllerka ToyiyO0oBaToro IBeTa,
3HAYUT TIIOKO3bl HEJIOCTATOYHO IS TIOJHOTO CBSI3BIBAHUS PEaKTHUBA
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@ennuara. Ecnmu ocamka BooOme HE W KUAKOCTH B TPOOHpKE
WHTEHCUBHO TOJy0OT0 11BETa, aKTUBHOCTH (pepMeHTa paBHA HYIIIO.

2. llogoOHyio peakIuil0 Ha OTKPBITHE BOCCTaHABIMBAIOIIUX
caxapoB JenaroT ¢ caxaposoil. Jlig atoro uccieayroT 1-2 mi pactBopa
caxapo3bl. OOBSACHSIOT MNPUYUHY OTPULIATEIBHOW peakuuu IO
desunHry.

Martepuanbl U 000pyA0BaHUE: KOPHEIUIO MOPKOBH, PEAKTUB
@ennuHra, Kojiba TepMOCTOiKas, CIUPTOBKA, BOJIA IUCTUINIMPOBAHHAS.

Pa6ora 3. J/IMnuabl M X CBOHCTBA

Jlunuowvr — cOopHas (pazHopoHAast) TpyIIa OUOTOTHIECKUX
COEIMHEHUH, PACTBOPUMBIX B OPTaHUYECKUX PACTBOPHUTEIAX H
HEPAaCTBOPHUMBIX B BOJIE.

Xoa padorsi: B npobupky HanmuBatot 0.5-1.0 M1 moacoIHEYHOTO
Macina, npubaBisitoT 5-10 M1 BOAbI U, 3aKpbIB MPOOUPKY, BCTPSIXUBAIOT
B TeueHHe 3 MHHYT. Macno pa30uBaeTcsi Ha MeENKHE Karid, o0pa3ys
AMYJIBCUIO. DMYIIbCUSI HECTOWKAs, U OYeHb CKOPO BCE KalleldbKH Macia
coOuparoTCcsi BMECT€ B OJUH CJIOH Ha TOBEPXHOCTH BOJIBI, YTO
YKa3bIBa€T Ha HEPACTBOPUMOCTD JKUPA B BOJIE.

B menounoit cpene smynbcus Oyner O6ojee TOHKOH M CTOMKOM.
bepyr B mnpobupky kammo Macia, npubasmsitor 2 ma 20%-Horo
CIMPTOBOTO pPAacTBOpa €IKOr0 Kajldi U OCTOPOXKHO HarpeBaroT 0
KkuneHus. Jlunmuael Opu 3TOM  pacmajaroTcs, MPUCOEAMHAS TPH
MOJIEKYJIbl BOJbI, Ha TJULEPUH M >KUpHble KHUcHOTHL. IlocnenHue
HEMEJIEHHO BCTYMAIOT B PEAKIHIO CO MIEJI0UbI0, 00pa3ys COJU KUPHBIX
KHCJIOT, Ha3bIBaéMble MBUIAMH, TO €CTh NPOWCXOIUT PEaKIIHS
oMbuieHus. Ecii mpubaBuTh BOJBI, TO PaCTBOP AETACTCS TPO3PAYHBIM.

Crenuduueckoid peakyieid Ha JIMIUABI SBISIETCS OKpAIIMBaHHE
WX B OpAH)KEBO-KPACHBIM IBET OT CIUPTOBOTO PAcTBOpa KPaCHTEIS
Cynan-II1.

Ha npenmMeTHOE CTEKIIO B KaIIl0 CIIUPTOBOTO pacTBOpa KpacuTels
Cynan-III  momemaror cpe3bl HM3y4aeMbIX CEMsSH, HAKpBIBAIOT
MOKPOBHBIM CTEKJIOM U1 JIETOHBKO HaJaBIMBAalOT Ha Hero. llox
MHUKpPOCKOIIOM HaOJII0/Ial0T TMOsIBJIEHHE BOJIM3U CpPEe30B KalejeKk macia,
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OKPAaCHBIIUXCSI B OPAaH)KEBO-KPACHBI  I[BET.  3apUCOBBIBAIOT
MOJIy9E€HHBIC PE3YIIbTATHI.

Marepuanbl M 000pyd0BaHHe: TIOJCOJHEYHOE Macio, BOJA,
npobupku  (15mm), KOH 20% chnupTtoBOit pacTBOp, CHUPTOBKA,
Cynanlll, ceMeHna n0/ICOJTHEUHUKA U THIKBBI.

PaGora 4. Onpenesnenne akTHBHOCTH JMna3el Jlunaza
— (epMeHT, KaTalIu3UpYIOUIMH TUAPOIU3 TPUINIMLEPUIOB. Jlumassl,
IPUCYTCTBYIOIIME B CEMEHAaX MAacCIUYHbIX PACTEHUH, MPOSBISAIOT
aKTUBHOCTb IpU pa3iauuHbiXx 3HadeHusx pH. Ilostomy wuHorma
YIOTPEeONSIOT HAa3BAaHUS HEUTPATBHOM, KUCIOW M IEIOYHOU JIUIA3HI.
Haunbonee axkTHBHBI B CEMEHAX MACIUYHBIX KHCJIas W OIETOYHAs
JUMAa3bl.

Xonx pabotbl: bepyT Tpu paBHbIE HaBeCKU CeMsH JibHa 1o 2.0 T
Kaxnaas  (Ipd  MCIOJIB30BAaHUM  CEMSH  IOJACOJIHEYHHKA  HUX
IPEIBApUTEILHO  OYMIAIOT  OT  OKOJIOIUIOJHMKA).  TIIarenbHo
MEPEeTHPAIOT KAXKIYI0 TMOpHUI0 CceMsH B (aphopoBOH  CTYIKe.
PacrepThie cemeHa nepeHocAT B TpU KOJIOBI.

B nepByto xonly npubasisitoT 10 Mt IUCTUINIMPOBAHHOMN BOJBI.

Bo BTopyto k010y — 10 mu Bogst u 2 mit 0.1 H pacTBOpa yKCYCHOM
KHCIIOTBI.

B tpetbio xonby — 10 M Bozbl. 3aTeM colepKUMOE 3TOM KOJIOBI
KUISITAT B TEeUeHUE 3 MHUHYT M oxjJaxziaroT. [IpubaBisiior, kak u
npenpiaymeM Bapuanre, 2 Mi 0.1 H pacTBopa YKCYCHON KHUCIIOTBI.

Bce tpu k01061 yOuparot B TeMHbIH mkad Ha 18-24 yaca.

Ha cnenyroumii geHb kKoja0bl BBIHUMAIOT U BBIPABHHUBAIOT B HUX
ycioBus cpenbl. [l aktuBanuu sumnassl TpeOyercs onpenenenHas pH
Cpenbl, B JaHHOM cily4ae MeHble 7 ( peub ujuetr o kuciou aumnase). C
STOM LIEbI0 B IEPBYIO KOJIOY nmpubanisitoT 2.0 M1 U pacTBOpa YKCYCHOM
KHCIIOTHI. 3aTeM MPHUCTYNAIOT K TUTPOBaHUIO. TUTpOBaHUE MPOU3BOIST
0.1 1 pactBopoM NaOH B npucyrctBuu 1-2 xanens gpeHondranenHa.

Jns Toro, 4toObl MPEJOTBPATUTH MPOLECC TUAPOIUTHUECKOM
IMCCOLIMAllMM  MbUIA, KOTOpoe oOpa3yercs IMpH TUTPOBAHUH,
puOaBIAIOT 10 25.0 MJT ciupTa B KaXIy0 KOJIOY.
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Ilo xommuectBy 0.1 H pactBopa NaOH, m3pacxogoBaHHOro Ha
TUTPOBaHME, CYAIT 00 AaKTMBHOCTH JHMa3bl. B mepBoil konbe, He
coJiepKariel KHUCIOThl, (PEpMEHT JIMIa3a HaXOJUTCS B HEAKTHBHOM
coctossHMM. B Tperbeld Kkoyibe, COACPKUMOE KOTOPOWM  OBLIO
MOJIBEPTHYTO KUIITYEHHIO, (DEPMEHTATUBHBII MPOLIECC HE UJIET, TaK KaK
(bepMeHT pa3pyieH.

Matepuajbl 1 000py10BaHHMe: CEMEHA JIbHA, KIICIIEBUHBI WIH
[IO/ICOJIHEYHMKA, 1%-HBIl pacTBOp yKcycHOM kucioTsl, 0.1 H pacTBOp
NaOH, dapdopoBast cTynka ¢ IECTHKOM, KOHHYECKHUE KOJIObI, BODOHKHU
MUATIETKH, CIIUPT, ¢eHoyranenH, Bechl, PrbTpoBaibHas Oymara, Boja
TUCTUJUTUPOBAHHASL.

Pabora 5. PacturenbHble 0eJIKH U HX CBOMCTBA benku
— 3TO  BBICOKOMOJIEKYJIApDHBIE  a30TCOACpXKAILUE  OPTaHUYECKUE
BELIECTBA, MOJIEKYJIbI KOTOPBIX ITOCTPOEHBI U3 OCTaTKOB aMHUHOKHCIIOT,
CBA3aHHBIX Jpyr C JApPyroM B IOJUIENTHAHbIE Uenu. benkn
MPEJICTABISIIOT COOOM IOJMMEPHBIE MOJIEKYJbl, B COCTaB KOTOPBIX
BxoauT 20 pazmuunbix AK.

Xon pab6orsi: 1. [Ipu neiicTBUM KOHLIEHTPUPOBAHHBIX PACTBOPOB
HEHTpaJbHBIX CcOJIel MPOMCXOAUT BblcanuBaHue Oenka. K 2-3 mp
pacTBopa Oenka MpUOABIAIOT KPUCTAIMYECKYIO HEHTPAIbHYIO COJIIb.
Korna xoHumeHtpamuss pactBopa AOCTUTHET mnpuMepHo 50%, HayHer
BBINIAIaTh B OCAJIOK, BCJIEICTBHE 4Yero pactBop nomyrtHeeT. [locie
npuOaBieHuss BOJbl HaOJIOJaeTcs HMCUYE3HOBEHHE MYTH, TakK Kak
rJI0OYIMH CHOBa MEPEXOAUT B PACTBOP — peaklys BbICATMBAHUS
oOpaTuma.

2. Ilpm neiictBum Ha O€lOK BBICOKOH  TeMIeEpaTyphl
(xunstyenne) unu kpenkoit kucnotel (HCL, HNO3, H2SO4) mpoucxoaut
neHatypauus Oenka. B mpoOupky Hamuth 2-3 mMul pactBopa Oenka U
Harpeth a0 kuneHus. OOpasyeTcss 0caJoK, HE pPaCTBOPSIONIUICS B
COJIEBOM  pacTBOpE, UTO CBHUJAETEIbCTBYET O HEOOpaTUMOCTHU
MPOU30LIEIIINX U3MEHEHUH. AHaTOTHYHBINA 3()()EKT MOKHO MOIYYUTH
IIpH JIEHCTBUH Ha pacTBOp OeKa KPenKoi a30THOM KUCIOTOM.
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3. buyperoBas peakuusa. Ilox neiicTBueM BOAHOTO pacTBOpa
MEIHOTO KYIopoca U eIKOH IIeI04YM HAabII0JaeTcsl OKpalluBaHue Oenka
B (uoseroBsiii mer. K 2-3 Mi pactBopa Oenka mpubaBisitor 1 mu
20%mnoro pactBopa NaOH u B30anteIBaloT cMech. 3aTeM A00aBIsoT 1-
2 xamm 5%-HOro pacTBOpa MEIHOrO Kylmopoca M HaONIoJaloT 3a
M3MEHEHHUEM OKPACKH.

4.  KcanronporenHosas peakuus. I[lpu HarpeBaHuum cmecu
0enKa ¢ a30THOM KUCJIOTOM A0 KHUIIEHHUS 00pa3yeTcs JKENTBhI CTyCTOK.
[Tocne mpubaBieHUsT aMMHUaKa JKENTask OKpacka Oellka yCHIMBAETCS W
MEPEXOIUT B OPAHIKEBYIO.

Martepuajabl 1 000pyI0BaHHe: pacTBOp Oenka ( U3 TOPOXOBOM
MyKH), KoHIeHTpupoBaHHas HNO3, ammuak, KpucTamsiddeckas COJb
NaCl, 20%-usr1ii pactBop NaOH, 5%-ub1it pactBop CuSO,, CIMPTOBKA,
POOUPKH, MUTIETKH.

Pa6ora 6. [IpeBpamenne kpaxmaJa B
NMPOPAacTAIOIIMUX CeMeHax
HpOu@CC npespawerus seujecme y Kpaxmaiucmoslx CEMAH

credyowuti: BOAA, MOCTYNAIOIas B IIUTOK 3aPOJIbIIIa, aKTUBHU3UPYET

tep-
MEHTBI, KOTOPBIE Yyepe3 0COObIe BCAChIBAIOIINE KIETKHU MUTETHATIbHON
TKaHU IIPOHUKAIOT B CONPHUKACAIOIINECS ¢ HEW ciou 3Hpocnepma. [lox
BO37IeHicTBUEM (DEPMEHTOB aMMJIa3bl POUCXOANUT pacHajl KIETOK
noJiucaxapuaoB (B OCHOBHOM Kpaxmalia, HO B 3TOT IPOLIECC MOTYT
BOBJIE-

KaTbCs U APYrue MOJUCaxapyuabl, IPH 3TOM KpaxMallbHbIE 3€pHA KaK Obl
MOJBEPraroTcs KOppo3un) Ha O6osiee MOABHKHBIE COeAMHEHUS — JAEeKC-
TpUHBI UM ManbTo3y. Kak TOJIBKO MOSBMIIACE MalbTO3a, TOTYAC IKE
aKTUBU3UpYeTCs (PepMEHT MayibTa3a, KOTOpas paclIelisieT MajJbTo3y

10

[JIIOKO3BI, HE TOJIBKO CIIyXKallleld YHEPreTUHUYECKUM MaTeEpUajIoM, HO U
WIyIIeH Ha TTIOCTPOEHUE KIIETOK Tefa. [ 1roKko3a B 0c0O00M TpaH3UTHOM
COCIMHCHWH MPOHUKACT YEPE3 HIUTOK K 3apOAbIITY, A€ U MPOUCXOONUT

CHHTEC3 HOBBIX BCIICCTB. O)IHOBpeMeHHO HaKaruimBacTCd caxapo3a, KO-
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Topas obpazyercs Oiaronaps AelcTBUIO GOCcHOPOTUTHUECKUX U IPYTUX
dbepmeHToB. B 3TOM mporiecce rupoausa CIoKHBIX YIIIEBOJOB
NPUHUMAIOT y4acTrue ¥ (pepMEeHTHI SHI0CTIEPMa, KOTOpPhIE
AKTUBU3UPYIOTCS BOJIOM U MOCTYNUBIIMMH (PepMEHTaAMH U3 3apOblIIIa.

Xon pabGorei: Ha xenaTuHOBYIO IUTAaCTUHKY B yamku llerpu

OUYEHb OCTOPOXKHO IMOMEUIAEM MIpPOpoclINe ceMeHa mnuieHunbl. CeMeHa
HE0OXOIMMO TMpPEABAPUTENILHO pa3pe3arh IOIMOoJaM, IPOMBITh B BOJE
WIM CMOYMTBH Cpe3bl BOAOW, a 3areM I[OJOXHUTh CpPE3aHHOMN
MOBEpXHOCThIO BHU3 o 10-12 cemsn B wamky Ilerpu. Yepes 20-30
MHUHYT CEMEHa OCTOPOKHO CHATh MUHIIETOM TakK, YTOOBI HE MOBPEIUTH
KETTATUHOBOW IUICHKHM W OOJIUTh BCIO IUIACTMHKY PacTBOpOM Hona B
omucrom kaymu. J{ns aroro Oepyr 10 Mil AMCTHIUTMPOBAHHOW BOJIBI,
npubapinstor B Hee 10 kamenb pacTBopa Hoaa B HOIMCTOM KajiuH, a
3areM niepeHocar B yamky Ilerpu. HeokpameHHbIMU, CBETIBIMU
naTHaMu OyAyT Te MecTa, TJe HaXOAWIUCh Cpe3bl CeMSH. ITO
CBUJETEIBCTBYET O TOM, 4YTO IOJ JAECWCTBUEM JUacTa3bl Kpaxmal
IIpEBpATUIICS B caxap.

Marepuanbl U 000pyAOBaHHe: MPOPOCIINE CEMEHA MIIEHULBI,

SYMEHSI WJIM TOpoxa, KapTodelbHas MyKa, >KeIaTHH, CJIa0blii pacTBOP
1Wo/1a B MOJIUCTOM KaJluu, 4yamky letpu, NUHIETEHI.

Padora 7. O0Hapy:xeHHe AJIKAJTOUA0B B PACTEHUSAX

Ankanouodsr — a3zoTcolepXKallue apoOMaTUYECKUE COEJUHEHUs
IIEJIOYHOT0 XapakTepa, o0jajaroIiye CHIbHBIMU (U3MOJOTHUYECKUMHU
neucteuaMu. Hekoropele ankamouasl B MaiblX J03aX IIUPOKO
MPUMEHSIIOTCS. B MEIWLUHE [UIsl JIeYEHHUS pa3iMuHbIX 3a0oseBaHMiM
YEJIOBEKA M JKUBOTHBIX MJIM UCIOJIB3YIOTCS B KAYECTBE TOHU3HUPYIOIINX
(daii, kode, KaKao) U HAPKOTUYECKUX BEIMIECTB. MHOTHE alIKaJIOWIbI
o0JIafjaloT  BBICOKOM TOKCHYHOCTBIO, IIO3TOMY, COJEpJKallue UuX
pacTeHHsI HENb3sl MCIOJIb30BaTh Ha KOPM (JIIONMH, BUKA, IOJBIHb U
apyrue). Hekoropsle ankanoupl UCTIONB3YIOTCS KaK CpeacTBa OOPHOBI
C BPEIUTEISIMU CEIIbCKOXO03AMCTBEHHBIX PACTEHUM.

AJKanToOuJOHOCHBIE pacTeHHsl cocTaBiAloT okoimo 10 % Bceit
MUPOBOU  (JIopbl. AJIKATOWUIBI MOTYT COJEpKaTCsi WM BO BCEM
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pacCTeHHH, WM B OJTHOM WJIH HECKOJIBKUX opranax. OObIYHO aJIKaIOHIbI
CUHTE3UPYIOTCS B JHUCThSIX U TMOA3EMHBIX OpraHax, a 3aTeM
MepEeMEeIalOTCs B CEMEHA.

Copmepxarcs ankajJougpl B PacCTEHUSIX B HE3HAUUTEIbHBIX
konuuectBax (0,001...0,01 %), HexoTopbie pacTeHUs (XMHHOE JEPEBO,
Tabak, 6apbapuc) conepkar 60bie ankanouaos (10 10 %).

AJNKanouspl B 3aBUCHMOCTH OT CTPOCHHS a30TCOACPIKAIMINX
[IUKIIOB KJIACCU(DUIIUPYIOT HA TPYIIbBI, Pa3IHYaIONIecs MEKIY COOOM
M0 XUMHUYECKUM U OHOJIOTUYECKUM CBOMCTBaM: MPOU3BOJHBIC
MUPHUIMHA, TUPPOIUANHA, XUHOIMHA U U30XUHOJIMHA, WHIOJA, ITypUHA
U IpYTHUX.

[Ipenmonaraercsa, YTO alKaJIOUABl SIBISIOTCS  MOOOYHBIMHU
MPOJIYKTaMH OOMEHA BEIECTB W SIBISIOTCS 3allACHBIMH BEIIECTBAMU
WIM BBITIOJHSIOT 3alIUTHYIO pPOJb. BO3MOXHO, OHH UTpAIOT POJIb
TOPMOHOB, BBI3BIBAIONINX YCWJICHHEC OOMCHHBIX IIPOIECCOB HA
ornpeaeneHHbIX $a3zax pa3BUTUSI PACTCHUN.

Jlisg  ankanmouJ0B XapaKTepHa I[BETHAs peakius ¢ HWOAOM B
HonucToM Kauu — o0pa3oBaHue KPaCHOBATO-0ypoil OKpacKu.

Heap padoTbl. YCTAaHOBUTH HANIMYUE AalKaJIOMJIOB B CEMEHax
Pa3HBIX BUJOB JIIONMHA WIIN APYTUX PACTCHHIA.

Xoxa padoThI.

1. Cemena pa3nuuHbiX BHIOB JronuHa (Mo 5...10 mT)
pa3aenuTh Ha CeMSIONH.

2. Ha moBepxHOCTh KaxmoW cemsijoiud HaHecTH 1...2 Karmim
1oJa B MOJIMCTOM KaJIuu.

3. Ompenenuts MHTEHCUBHOCTH KPAaCHOBATO-0ypOi OKpacKu Ha
MOBEPXHOCTU cemsiofien: crnabas (+), cpenuss (++), cunbHas (+++),
OTCYTCTBYET (-).

4.  TlomydeHHble pe3yNbTaThl 3aMKMCHIBAIOT B TaOJ. U JIETar0T
BBIBOJIbI O HAJIMYMH aNIKAJIOUIOB B CEMEHaX JIIOTHHA.

Hanu4yue ankajona0oB B ceMeHAX JIONMUHA
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Hamuuue

Bunsl monmmaa HNHTEHCHBHOCTH OKpaCcKu
AJIKAJIOU0B

Matepuajbl 1 000py10BaHHMe: CEMEHA MHOTOJIETHETO, JKEJITOTO,
Y3KOJIMCTHOI'O U O€JI0ro JI0NNHA, JIe3B1e, pacTBop Hoxaa B KI.

Padora 8. O6Hapy:xeHne 1yOMIbHBIX BELIECTB B PACTEHUSIX

K  0ybunbnubiv  OTHOCAT  BemiecTBa  CIIOCOOHBIE  TyOWTH
HEBBIJIENIAaHHYIO LIKYpY, IpeBpaimas e€ B Koxy. JlyOuibHble BelecTBa
IPpU B3aUMOJEHCTBUU C KAJUIOTEHOM — OEJIKOM KOXHBIX IOKpPOBOB,
o0pazyroT YCTOMUYUBYIO HOIIEPEYHO-CBA3aHHYIO CTPYKTYDY,
OINPEACIAIONIYI0 BBICOKYIO IIPOYHOCTb U YCTOMYHMBOCTH KOXHU K
pa3IuYHbIM QaKTopam.

JlyOmiibHbBIE BelllecTBa MOJPA3ENAOTCS Ha THIPOIU3YyEMbIE U
KOHJIEHCUpOBaHHble. K THIpPOIM3yeMbIM OTHOCATCS TallJIOBbIE W
JIIaroBble  AyOWJIbHBIE — BeLeCTBA. [ aJUIOBBIMH  J1yOWJIbHBIMU
BEIIECTBAMU SIBJIIOTCS TAJUIOTAHHUH WIIM KUTAWCKUH TaHWH, KOTOPBIH
o0pasyeTcs B JIMCThAX U JIMCTOBBIX TrajljlaX pa3jM4YHbIX BUIOB PACTEHHS
cymaxa.  OCHOBHBIM  KOMIIOHEHTOM  TaJJIOTAaHWHA  SIBJISETCA
MEHTaraJuIOMWINII0K03a. DJularoBble 1yOUIbHbIE BELECTBA (COCTOST U3
AJIJIAaTOBOM KUCJIOTHI) CO/iepKaTcad B KOPKE TpaHaTa, KOXKype He3pelbIX
IPELKHUX OPEXOB, MUPOOUIIMHAX, APEBECUHE IBKAIUITA.

KonnencupoBanHble NyOUIIbHBIE BEIIeCTBa SBIISTIOTCS
MoJIMMEepaMM KaT€XMHOB WJIM AHTOLMAHOB WM COIOJUMEpaMH 3THUX
IBYX THUIOB coeluHeHui. OHM COIEepKaTcsi B KOPE MBBI, COCHBI, €M,
JIMCTBEHHUIIBI, IPEBECHE HEKOTOPHIX BUJOB aKalllH, KalliTaHa U 1y0a.

TepMuH «1yOuIbHBIE BEIIECTBAY UCIOJIb3YETCS TaKXKe B MUILEBOI
MPOMBIIIJIEHHOCTH U B TEXHUYECKOH OMOXUMHH, Il 0003HAUYECHUS
0ojiee HHU3KOMOJIEKYJSPHBIX COEIUHEHHH, 00JadaromuX BXKYLIUM
BKYCOM, HO HE€ CIIOCOOHBIX K HCTHHHOMY JyOneHuto. K mnumieBbM
TyOUIIbHBIM BEILECTBAM OTHOCST JUMEphl KaTeXHHOB, 00pa3yroliuecs
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MPU HM3TOTOBJIIGHUU YEpPHOro Yas (MMEIOT cllad0 BSDKYIIUKA BKyC U
XapaKTEPHYIO 30JIOTUCTO-KPACHYIO OKPACKY).

OU3NOIOTNYeCKoe 3HaYCHUE TyOMIIbHBIX BELIECTB CBS3aHO C UX
y4acTUEeM B OKHCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIUIX.

XapakTepHOl peaklnued Ha JyOWJIBHBIE BEIIECTBA SIBIIACTCS
MOYEpHEHHE UX MPU 00paboTKe cabbIM pacTBOPOM XJIOPHOTO JKeje3a.

Heas padorbl. OnpenenuTh Haau4ve TyOWJIBHBIX BEIIECTB B
JUCThAX Ay0a, KOMHATHBIX PACTEHUU, KOpPE MBBI, B UEPHOM uae. X0
padoThI.

1. U3MenbueHHyI0 MacCy KOpbl UBBI, JIMCTbEB Jy0a,
KOMHATHBIX PACTEHUH WM Yasi IOMECTUTh B IPOOUPKY, 3aIUTh BOJOU U
KUITSITUTH B TEYCHHUE 5 MUHYT.

2. B uncryto npobupky HamuTh 1 MIJI MOMTy4E€HHOU BBITSDKKH U
npuOaBUTh 2 KAIlIH XJIOPHOTO JKeJe3a.

[TosiBneHne 4dYepHOW OKpAaCKM pacTBOpa CBUAETEIBCTBYET O
HaJU4YuKM TyOWJIbHBIX BellecTB. Pe3ynbrarel HaOMIOACHUN OTMEYAIOT B
TabJ. W JIeNar0T BBIBOBI.

Hannuue 1yOMIbHBIX BellleCTB Y PAa3JIHYHbIX PACTeHH I

Peaknus Ha xsopHOE Hanuune nyOouibHbIX
KeIe3o BEIIIECTB

OO0BEKT

Marepuajibl 4 000py10BaHHe: Yall, JTUCThS 1y0a U KOMHATHBIX
pacTeHuii, Kopa UBBI U Ty0a, IpoOUPKH, MUIETKH, (papdhopoBbie YalIKy,
pacTBOp XJIOPHOTO JKENe3a.
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Tema 7. POCT H PA3BUTHE PACTEHUH

Pocm u pazeumue pacmenuti - BaxHeHme (GpU3NOIOrHISCKUC
MIPOLIECCHI, OMPEEINAIONINE CTPYKTYPY, BEIMUNHY U KA4eCTBO YpOKas.
[ToaToMy arpoHOM AOJDKEH XOpOILIO 3HaTh MX, YMETh HCCIEIO0BaTh U
KOHTpOJIUPOBaTh. PocT — HeoOpaTuMoe yBeInueHrne pa3MepPOB U MacCChI
Tela, CBS3aHHOE C HOBOOOPA30BAaHUEM DIIEMEHTOB  CTPYKTYPhI
opranusma. PocT pacTeHus CKIaabIBaeTCsl M3 POCTa KJIETOK, TKaHEH U
opranoB. Pa3BuTne — KauecTBEHHbIE U3MEHEHUS CTPYKTYPhI U (QyHKIUN
pacTeHuss U €ro OTAENbHBIX YacTed — OpraHoB, TKaHEH M KIETOK,
BO3HMKAIOIIIHE B MPOLECCE OHTOI€HE3A.

Bce mporeccel pocta M pa3BUTHS PACTEHHI OCYIIECTBIISIFOTCS
yepes JIeNieHne, pacTsikeHue u auddepeHimanuo Ki1eTok. Poct B muny
Y BETBJICHHE MOOETOB M KOpPHEH MPOUCXOAST Onarojaps AesTEIbHOCTH
ANUKAJIBHBIX MEPUCTEM BEPXYIIEeK MOOETOB 1 KOHYUKOB KOPHEH; POCT B
TOJNIIUHY — B pe3yiabTaTe NesATeNbHOCTH KamOus. B mepuom pocta
KIETKA MEpPUCTEM M KaMOHusl HEMpPEephIBHO MENSATCS: BHENIHSS YacThb
KJIETOK OCTaeTCsl B MEPUCTEMHOM COCTOSIHHH, a BCE OCTaJIbHbIE PACTYT U
muddepeHIUpyoTcs B TKaHM M opraHbl. CrienoBaTenbHO, Kaxaas
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KJIETKa B MpOIecce pPOcTa MPOXOIUT TpU (ha3bl: MEPUCTEMHYIO, H
SMOPHOHANIBHYIO; POCTA, WK PACTHKEHUs; uddepeHuanmu.

OOmmii  3akOH pocTa — €ro  HEpPaBHOMEPHOCTb, WU
NEePUONYHOCTb, OOYCIOBJICHHAs BHYTPEHHMMHM NpHuMHaMu. BHauane
poCT opraHa WJIM BCEro pacTCHMsl NPOMCXOAMT MEUICHHO, 3aTeM
ObicTpee U TOTOM CHOBa 3ameansercda. Hapactanume oOmedl maccel
opraHa WIHM pacTeHUs rpaduyeckd BBIPAKAIOT B BUAE IUIABHOU S-
00pa3HOil KPHBOW, CKOPOCTh POCTa, WIU MPHPOCT MACChl, B BHJE
IUTABHOM, OoJiee WM MeHee CHMMETPUYHOH KPHBOH C OJHHUM
MaKCHMYMOM.

K Ba)xHOMY BHYTpeHHEMY (akTOpy pocTa U pa3BUTHs pPacTEHUH
OTHOCAT  BELIECTBA  BBICOKOW  (DU3MOJIOTMYECKOW  aKTUBHOCTH,
o0beIUHsIeMbIE 10/] Ha3BaHUEM PEryJsITOPOB POCTa U Pa3BUTHS. DTO
ayKCHUHBI, THUOOEpeNTUHBI, LWTOKHHUHBI W HWHTHOUTOPHI  POCTA.
[TockonbKy yka3aHHbBIE BEIIECTBA B OJHUX TKAHSAX U OpraHax pacTeHUs
U, NIEPEIBUrasich JIEUCTBYIOT Ha JIPYrue TKaHU U OpraHbl, UX Ha3bIBAIOT
¢utoropmonamu. B 3aBUCMMOCTH OT (PU3MONIOTMYECKOIO COCTOSHMS
pacTeHus, KOHLEHTPAM U COOTHOILEHUS! (PUTOrOPMOHOB, MOCIIEIHUE
MOTyT  CTHUMYJMpPOBaTb  WJIA  TOPMO3UTH  TOT  WJIM  HHOU
(U3MOIOTHYECKHUI TPOLIECC, YCKOPATH WIIN 3aMEJISTh €ro.

CHHTE3MpOBaHO MHOTO MCKYCCTBEHHBIX pETyJISITOPOB pOCTa
pacTeHMii, KOTOpbIE IIMPOKO HMPUMEHSIIOT: Ul MOJABJICHUS Pa3BUTHS
COPHSIKOB; IIPU YKOPEHEHUHU YEPEHKOB; JJIsl HAPYIIECHUS WU BbI3bIBAHUS
COCTOSIHMS IIOKOSI PACTEHUH; OMAaJEHUs JUCThEB; YCKOPEHUS OMaICHUs
W3IMIIHUX 3aBsA3ed M MpenyNnpekAeHUus NpeayOOpOdHOro OmaaeHHs
IUIOJI0B, YBEIUYEHHS MX Pa3MEpOB; IOJIYYEHHsI NApTEHOKAPIHUYECKUX
(OecceMsHHBIX) MJIO/I0B.

Ha poct u pa3Butrue pacTeHUil BIUSAIOT BHEIIHHE (AKTOPBHI:
MHTEHCHUBHOCTh M CIIEKTPAJIBHBIA COCTAB CBETA, MPOJOJDKUTEIBHOCTD
IHS W HOYM, TEeMIlepaTypa U BIQXHOCTh BO3JyXa U TIOYBHI,
OpraHUYecKue U MUHEpaJbHbIE y100pEeHusI.
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Pabora 1. Onpenesienne 30H pocTa B OpraHax pacTeHui

JU1g u3y4eHus: pOCTOBBIX MPOLECCOB IIUPOKO MPUMEHSIIOT METOJ
HAHECCHMsI METOK Ha IIOBEPXHOCTb OpraHa uYepe3 OIMHAKOBBIC
paccrosiHusa. Ilo mepe pocta opraHa pacCTOSHHS MEXKIYy METKaMHU
YBEJIMYUBAIOTCA U MOTYT OBITh HCIOJIB30BaHbl JJIsl XapaKTEPUCTUKU
MHTEHCUBHOCTHU POCTa Pa3HbIX YYAaCTKOB PacCTYLIEH 30HBI OpraHa.

MeTKkr HaHOCSAT TyWIbIO (pacTHpPAOT CyXyloo Tymib B 5%-M
pacTBope JAEKCTpHHA WJIM  albOyMHUHA) WIM  MapKUPOBOYHOMN
KHUJKOCTbIO, TOJIYYEHHOM W3 CaXM WIM aKTUBUPOBAHHOIO YIS U
napauHOBOTO Macia (Caxy WM aKTUBUPOBAHHBIN yrojib pacTUPAIOT C
napauHOBBIM MacjioM JI0 oOpa3oBaHMsl TycToll »xuakoctu). Jlis
HAHECCHMS] METOK HCIOJB3YIOT IIETHUHKY, IPUBSI3aHHYIO K IMaJIOuKe,
TOHKO 3aTOYEHHYIO JEPEBSHHYIO MaJOYKy, CMOYEHHYI TYIUBIO WM
MapKHPOBOYHON KUIKOCTBIO.

Xoa padorbl. Onpeoenenue 30Hbl pocma koprs. CeMeHa ropoxa
wii  (aconu, KyKypy3bl MpPOpPalIMBAOT BO BIAXHBIX OINMIIKAaX, B
KOTOPBIX CTEKJIIHHOM NaJIOUKOW JeNaroT yriyOseHHus A cBOOOJHOTrO
CTPOTO BEPTHKAIBHOTO pOCTa KOpPHSA. 3aTeM Ha HeOONbIIMe UIMHOW
15-2cM  coBepuIeHHO  MpsAMBIE  MPEIBAPUTEIBHO  OCTOPOKHO
oOcymieHHbIe (DUIBTPOBATBHON Oymaroil KOpHHU (TPU — YETHIpE KOPH:)
HaHOCAT MeTKaMM 1 MM. MeETKH JOJKHBI OBITh TOHKMMHM M XOPOILIO
3aMeTHbIMHU. [lasiee MpopoCTKH MOMENIAI0T B OJaronpHsITHBIE Ul pocTa
YCIIOBUS: BI@KHBIE KaMepbl, TEMHbIE KOMHAThl IIPH 20-25°C. Yepes
CYTKM U3MEPSIOT pACCTOSHUSA MEXIy MeTKaMu (IpU YBEITUYEHUU
IIMPUHBI CaMUX METOK H3MEPSIOT OT MX CEpPEAMHBI) U BBIYHUCISAIOT
CPEIHUI CyTOUHBIA IPUPOCT PA3IUYHBIX YIaCTKOB KOpHS (puc.l.).
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Puc.1. IIpopocToxk ropoxa ¢ HaHeCEHHbIMU MeTKaAMM

Pe3ysbTaThl BRIpaXAOT rpadMuecku, OTKIAbIBAs IO OCH abIuce
HOMEpa OTPE3KOB, a M0 OCH OPJAMHAT — MPHPOCTHI. JleaaroT BBIBOIBI O
XapakTepe pocta KopHs. Pe3yabTaThl ONbITa 3aMKCHIBAIOT 110 (hopme
(tad.)

®dopma 3anucH pe3yJbTaTOB

Howmep 30Ha MpupocTa, MM
pOpOCTKa
1 [ 2 ]3] 4 ] 5 | 6 [ 7]8] 9] 10
1
2
3
4
Ilpoooncenue
Howmep 30Ha MpUpocTa, MM IIpumeuanue
HpOPOCTKA
11] 12 [13]14]15] 16 | 17 | 18 [ 19 [ 20

B~ 0N

Onpeoenenue 30Hbl pocma cmebnd. MeToJ OCHOBaH Ha ydeTe
NPUPOCTOB PA3JIMUYHBIX Yy4YacTKOB cTeOss 3a CcyTku. Ha ueTsipex
MPOPOCTKAX MOJCOTHEYHHKA BBICOTOM 2-3 CM TYILbIO HAHOCAT (HauMHast
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OT BEPXYIIKH MPOPOCTKA) IO ACCIATh METOK Ha PACCTOSHUU 2MM JIPYT OT
npyra. TIpopocTku momeraior B Temuoe Mecto mpu 20-25°C. Uepes
CYTKH HM3MEpSIOT MPHUPOCT PA3IUYHBIX Y4aCTKOB creOiia. PesymbraTsl
OTIbITa 3aIllMCHIBAIOT B TETPa/lb U BBIPAXKAIOT TpapUUeCKH, OTKIAAbIBas
Ha ocH aOclucC MOPSAJIKOBBI HOMEp METKHM, a MO OCH OpJAHWHAT —
npupoct. JlenmaroT BbIBOABI O Xapaktepe pocta crtedis. Pe3ynbTaTs
OMBITa YYHUTHIBAIOT TO (opMe, YKa3aHHOW MpH OMPEICIICHUU 30HBI
pocTa KOpHS.

Marepuanbl u obopyaoBanue. [IpopocTku ropoxa ¢ KOpHAMH
JuHOM  1.5-2¢cM, MOpPOPOCTKM  MOJICOJHEYHHUKA BBICOTOM  2-3CM,
BBIpAlICHHbIE B TEMHOTE, TYIIb WJIM MapKUPOBOYHAS >KUIKOCTD,
npeBecHble onwiku. [IpenapoBaibHbIE WIJIBI WM TOHKO 3aTOYEHHBIE
JICPEBSIHHBIC MMAJIOUKH, MUJUTMMETPOBast OyMara, BIa)KHbIC KaMEpBHI.

PaGora 2. HaGsronenune sipycHOM U3MEHYUBOCTH
MOP(OJI0rHYeCKNX NPU3HAKOB

Mopdonoruueckue NpU3HAKU METAaMEPHBIX OPraHoB (JIUCTHEB,
MEXI0Y3JIUi CcTeONs) 3aKOHOMEPHO HM3MEHSIOTCS B 3aBHUCHMOCTH OT
sapyca nmodera. IT0 XOpOIIO MPOCIEKUBACTCS MIPU CPAaBHEHHUH Pa3MEPOB
U (GOpMBI JHMCTHEB WIM JIMHBI MEXKIOY3JIUUA pa3HbIX sApycoB. OT
HIOKHUX K BEPXHHUM sipycam MoOera pa3Mepbl JHCThEB CHayana
YBEJIMUUBAIOTCSA, @ 3aTe€M, JOCTUTHYB OIPEIEICHHOIO MaKCHMyMa,
HAYMHAIOT YMEHbIIATHCSA. Y HEKOTOPBIX BUIOB PACTEHUH 3aKOHOMEPHO
U3MEHSETCd W PACCEYEHHOCTh JIMCTOBBIX IUIACTMHOK (XJIOMYATHHUK,
tomatr u Ap.) Ilpu rpaduueckoM BbIpak€HUM SPYCHOM HM3MEHYHBOCTH
II0JIy4aeTCsl OJHOBEPUIMHHASI KPUBAsL.

Xon padoTsl. Y pacTeHM MIIEHUIB! WX SYMEHS, HaXOASAIINUXCS
B (¢asze koyomeHus (WM  IBETEHUs) U, CJIEIOBaTEIbHO,
chOpMHUPOBABIIMX JIUThS B KA4eCTBE TIOKA3aTelii MeTaMEepHOU
M3MEHYUBOCTU. JIJI 3TOrO y JHCTa KaXKAOro spyca U3MEPSIOT MUPUHY
OCHOBaHUS IUIACTUHKU U €€ JJUHY. 3aTeM pacCUMTHIBAIOT IUIOIIAIb
JTUCTHEB MO hopMyIe:

S=2/3k xx,
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e S — mIomans TucTa cM?, K — MMprHa OCHOBAHHS JTHCTA, X —
JUTMHA TUIACTUHKH.

BreruepunBaroT rpaduku, Ha KOTOPBIX OTPaKalOT W3MEHEHUE
IUIOUIAIM JIUCTHEB B 3aBUCUMOCTU OT sipyca moOera(puc.l.). Ilo ocu
abclucc OTKIIaBIBAIOT HOMED sIpyca, CUMTasi CHU3Y, a II0 OCH OpJIMHAT —
IJIOLIA/Ib JIUCTHEB.

IIn

Apycol nobeza
Puc. 1. I'paguk m3MeHeHHs NJIOIAIM JIMCTHEB B 3aBHCHMOCTH
oT sipyca nodera

Matepuajbl U o0opyaoBaHue. PacTeHUs MIISHUIBI WK STYMEHS
B (ha3e KOJIOLIEHHS WK [[BETEHUS, TUHEHKH.

PaGora 3. Omnpenesienne CuJbl pocTa ceMsiH MeTOA0M
Mopdoduznonornyeckoii oueHku mnpopocTkoB Hambonee mnomHO
VCTHHHBIE TOCEBHbIE KayeCTBA CEMSH XapaKTepU3YIOTCS CHUJION pocTa,
T.€. CIIOCOOHOCTBIO TPOPOCTKOB K OBICTPOMY, JPYKHOMY IMPOPACTAHUIO
¥ MHTEHCHUBHOMY pocTy. Ha cmry pocTta 60ibIioe BIHUSHUE OKA3bIBAIOT
KPYIHOCTb CEMsIH, YCIIOBUS UX (hopMHupoBaHUs U XpaHeHus. [l mocea
HCIOJIb3YIOT CEMEHA, CUJIBI pOCTa KOTOPbIX HEe MeHee 80%.
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Lens paboThl — M3YYUTh 3aBUCHUMOCTH CHJIBI POCTa OT MAaccChl
36pHa, METEOPOJOTrMYECKUX YCIOBUM TIoJa IOJIyYE€HUs YypoxKas,
JUINTEIBHOCTH XpaHEHUS CEeMSH, a TakKXKe HCCIIeOBaTh BIMSIHUE
KyMapHHa KaK OJIHOTO M3 aJlJIeJIONaTHYECKUX areHTOB Ha MpOpacTaHHe
CeMsIH 3€pHOBBIX KynbTyp. Cuily pocta ompeAensioT MpopaliiBaHueM
CEMSIH B PYJOHAaX M BBIPaXKalOT B IPOLEHTaX CHJIBHBIX IPOPOCTKOB K
o0IIeMy 4Hcy CeMsiH B TIpooe.

Xoa pa6oThl. [t KaXa0r0 BapranTa 0epyT OTJACIBHYIO IMOJIOCKY
IIOJINATHIIEHOBOM IIJIEHKHU pa3mepoM 60X 15 cM, KOTOPYIO UCIIOJIB3YIOT B
KauecTBe JIOKa JJs ceMsH. Bo BCl [UIMHY MPOBOJAT JIMHHUIO
KapaHJallloM Ha PacCTOSIHMM 5cM OT BepxHero kpasd. Ha sty nuHuio
ykiaapBatoT 50 ceMsiH 3apojblilieM BHHU3 Ha PAaCcCTOSIHUM 1CM  OJIHOTO
OT Apyroro. HakpbIBalOT ceMeHa MO BCEW IJIMHE JIOkKA YBIAKHEHHOMN
MOJIOCKOH (HIBTPOBAILHOW OymMarm IIMPHHON S5CM, CBEPTHIBAIOT B
PYJIOH, CBS3bIBAIOT IIIAraToM, CHA0XalT OSTUKETKOW M  CTaBST
BEPTUKAIBHO B COCYJ, Ha JHO KOTOPOro HaiuTa Boja. [Ipu m3ydeHun
BIUSHUSL KyMapuHa Ha CHIIy POCTa CEMSH KOHTPOJbHbIE CEMEHA CTaBST
HAa TpOpalMBaHUE B BOJY, ONBITHBIE — B PACTBOP KyMapHHa
KOHIIeHTpanuen 50 mr/i.
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Puc.1. [Ipopocuine ceMeHa NMIIeHUIbI:
A) ¢ ucnonvzosanuem kymapuna, b) 6e3 ucnonvzosanus Kymapuna

HpOpaH_[I/IBaIOT CEéMEHa B TEMHOTC B TCUCHHC IIATHU ,I[HGI71 IIpu

TeMneparype 20°C.

3areM pa3BOPAaYMBAIOT  PYJIOH,

OLICHUBAIOT

MPOPOCTKU MO NATHOAILHOM WIKale, OMpPENEeNsIOT CBhIPYI0 Maccy
HaJ[36MHOM YacTu U KopHe 1is Becex S0 mpopoctkoB BMecte. KauecTBo

IPOPOCTKOB OLICHUBAIOT I10 CJIETYIOIICH IIKae:

Cunvuvie npopocmku

Bbann

JnuHa pocTKa MPEBBINIAET SCM, JIUCT BBIMIET W3 KOJCONTWUJIS WIW pa-
5 BEH €ro JJIMHe, YUCIIO 3aPOJIBIIIEBBIX KOPEIIKOB — MATh U O0Jee

I[J'II/IHa POCTKa HC MCHEC 4CM, JIMCT B KOJICIITHWIIC, IIPCBBIIACT 3/4ero

JUTMHBI, YMCJIO 3aPOJIBIIICBBIX KOPEIIKOB — HE MEHEE YeThIPEX
JlnuHa pocTka HE MeHee 2.5CM, JIMCT B KoJIeonTuIie bonee /2 ero
JUTMHBI, YMCIIO 3aPOJIBIIICBBIX KOPEIIKOB — HE MEHEE TPeX
Cnabwie npopocmxu
JnuHa pocTka MeHee 2.5 ¢M, JIUCT MEHEE 72 JVIMHBI KOJICOITUJISA,
YHCIIO 3apOBIIIEBBIX KOPEIIKOB — JIBa U OoJee

Pocrox no JJIMHC MCHEC ABYX JJIMH 3CPHOBKH, YHCJIO 3aPpOABIIICBBIX

KOPEIIKOB — JIBa 1 0oJiee

KonnuecTBo HEHOPMABHO MPOPOCIIUX CEMSH
KonunuectBo Henpopocmnx (HaOyXIInX, 3arHUBIIUX, TBEP/IbIX)

4

Pesynbrarel HaOmroaeHMid 3anuckiBatoT o ¢opme (Tad.). Jemnarot
BBIBOJIBI O BJIMSIHUM YCIIOBUN BBIpAIlMBaHUS, UIMTEILHOCTH XpaHEHUS
CeMsH U IEHCTBUU XUMHUYECKUX PETYIATOPOB Ha CUITy POCTa.

Mopdopuszuonoruyeckasi oeHKa NPOPOCTKOB

an Ouenka B 6amax

Cymma

Cuia

Ceipas Macca, T

OTHoLIeHNE

S o3
fe~
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51| 4 3 2 1 0amioB | pocta,% |Haa3eMHON | He MAacChI
qacTH W HaJI3eMHON

KO JacCTH K

Macce

KOpHE#

Marepuansl u  o0opyaoBaHue.  TexXHMYECKHME  BECHI,
KpuCTaJlJIIN3aTOPHI, IIOJIOCKHU MOJIUATHIIEHOBOU IIJICHKHU u

GWIBTPOBANBHOM OyMaru, mmarar, CEMEHa IIICHUIBI U PXXKUA Pa3HbIX
meT ypoxas (KpynmHas W Menkasg (pakuuu CeMsH), KyMapuH,
METEOPOJIOTUIECKUE TaHHBIE TIOCIECHUX TPEX JIET.

Padora 4. 3aBucuMoCTbH NPOPACTAHUS CeMSIH M POCTA pacTeHUM
0T POCTOBBIX BellecTB dHA0cHepma (1o Y.Pyre)

Xoa pa6oTbl. {11 OmbITa MCHOJB3YIOT OYMIIEHHBIE OT IUIEHOK
3epHa OBca, s;luMeHs U Apyrux 3i1akoB. OtOupator 100 3epeH, no 25 B
Kaxa0M BapuaHTe. OCTphIM CKajblleJIeM OTpPE3al0T y CEeMsH IEepBOro
BapuaHTa 1/3 oHmocmepma, y ceMsH BTOporo Bapuanta — 2/3
SHJIOCTIEPMA M Y CEMSIH TPEThETr0 BapHaHTa — Bech 3HAocnepM. CemeHa
YETBEPTOr0 BapHaHTAa OCTABISIOT MLEJIbIMU (KOHTpoib). Bce cemena
OJTHOBPEMEHHO HaMauMBaeT B BOJOIPOBOIHOM BOJIE.

Bapuants! 1 2 3 4 (KOHTpPOJIb)
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Puc. 1. CemeHa mnieHUUbI ¢ yIAJEHHBIMH JHAOCIIEPMAMHU M
neJjoe

Heo6xoauMo BecTr HaOIFOICHUS 32 HAYAIOM IPOPACTAHUS CEMSH
U MX JIaJIbHEUIIINM POCTOM B TEMHOTE.

[Ipopactanue ceMsiH HACTYITUT TeM OBICTpee, YeM OOJIbIas 4acTh
sHJI0CTIEpMa ObLIa OTpe3aHa, HO JAIbHEHIINN POCT MPOPOCTKOB CHIIBHO
TOPMO3HTCH.

Matepuanbl u o6opyaoBanue. CeMeHa, OUMIEHHBIE OT IUICHOK,
3epHA SYMEHS U IPYTUX 3JIaKOB, CKaJIbIIeNb, yallku [leTpu, xummuueckue
CTaKaHBbI.

Pabora S. Biaiusinue Ha pocT pacTeHuil apauuun

Kucnopon mouBbl mmeer 00JbLIOE 3HAYEHHE JUISI MPOPACTaHUS
ceMsH. Y HEKOTOpBIX BHJOB IOIpeOCHHBIE B IIOYBE CEMEHa JO0JIrO
COXPAHSIIOT BCXOXKECTh, MPEObIBasi B yCIOBHIX BHICOKON KOHIIEHTPALIUU
C02, HemocTaTka KHCIOPOZA, BIAKHOCTM M CBETa, HO, Oyaydu
BBIHECEHBI Ha MIOBEPXHOCTb, YCIIEUTHO MPOPACTAIOT.

Xoa pa6oTel. Heo0X01uMOCTh KHCTIOPOIa AJIST POCTa MOXKET OBIThH
BBISIBIIEHA B ONBITE MO MPOPAIIUBAHUIO CEMSIH B YCIIOBHSIX Pa3IMYHON
aspanuu. s ombita Oepyr OaHku (kenmaTenbHO Y3kue). B Ganku
HACHINAIOT JI0 PAa3HOTO YPOBHs BJIQXHBIM MECOK, Ha MOBEPXHOCTh €ro
MOMEMIAI0T  CEMEHa, BCXOXKECTh KOTOpBIX IMpoBepeHa. Ilecok
HE00X0AUMO YBIAXHUTH 10 80% OT MOJIHON BJIArOEMKOCTH B OOLIEH
Macca. baHKM 3aKpbIBalOT KaydyyKOBBIMH WJIM KOPKOBBIMH INPOOKaMH
(mocneqnue mapaduaupoBats). OO0bEeM BO3/yXa B HUX B 3aBUCHMOCTHU
OT KoJM4YecTBa mecka Oyaet pasnuuabiM (puc.l1). Bectu nHabmionenue
3a IPOPACTaHNUEM CEMSH.

93



Matepuanbl u o6opynoBanue. CTeKIsHHbIE OaHKH, CEMEHa, IECOK,
Kay4yKOBBIC MJIM KOPKOBBIE IIPOOKH.

Pabora 6. MH3ydenue ¢oroTponusmMa pacTeHuH
Pactenust mpu HEZOCTATOYHOM OCBEIIEHHM BCErAa PAacTyT B CTOPOHY
cBeTa. JTO SBJICHHE HOCUT Ha3BaHUEe (OTOTPONHU3MA, B JAHHOM CiIydae
— TMOJIOXKUTENBHOTO.

Kopuu pacrenuii HaxonsaTca B 3emiie, CBET ISl UX POCTAa HE HYXKEH,
MO3TOMY y OOJIBIIMHCTBA PACTCHHA KOPHU  (POTOTPOIHYUCCKH
HelTpansHel. HO y psina pacTeHWd KOpPHH CIIOCOOHBI TPOSBIATH TPH
OCBEIIIEHUU OTYETIMBYI) OTPHUIATENBHYIO PEaKIUio, H3TH0asch OT
HCTOYHUKA CBETA.

Bo BIaXHBIX ONUJIKAaX BBIPACTUTE MPOPOCTKU HCCIEAYEMOTO
pacTeHHsT TakKuM 00pa3oM, YTOOBI KOPEIIOK OBLI MPSMBIM. MOXHO
TaKk)Ke BBIPACTUTh pacTeHHWE B TpoOupke. B kycouke mpoOku wiam
MEeHOIJIacTa MpoJeaiiTe OTBEPCTHE W MPOIYCTUTE B HErO KOPEIIOK
pacTeHus.

ITpoOKy ¢ yKpenIeHHbIM IPOPOCTKOM MOMECTHTE B CTaKaH C BOJOU U
MepEHECUTE B TEMHOE MECTO Ha CYTKH. 3a 3TO BpeMs MOJ ACHCTBUEM
CHJIBI 36MHOT'O TSTOTEHUS KOPEHb BBIPACTET OTBECHO BHM3, a CTEOENb
BEPTUKAIBHO BBEPX.
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N3menute ycnoBus ocsemieHus. [locraBpre cTakaH ¢ MpOpPOCTKOM B
(GOTOTPONUYECKYI0O KaMepy WJIM HAKpPOWTE YEPHBIM KOIMAKOM C
PacrojoKeHHbIM COOKY OTBEPCTHEM JI CBETa. YK€ Yepe3 HECKOJIbKO
4acoOB MOXKHO 3aMETUTh M3MEHEHUS B OPHEHTALlMU OPraHoOB: cTeOelneK

HauYMHAeT W3rudaThCsi B CTOPOHY CBeTa, a KOpeHb — B
MIPOTHUBOMOJIOKHYIO
(puc.1).

[IpoBenute XxpoHOMETpaxk omnbiTa. BCKOpE CTaHOBHUTCS SCHO, YTO B
crebyie 3aTEHEHHas CTOpPOHA pacTeT OBICTpee, YeM OCBellaeMasi, YTo
MPUBOJUT K U3rH0y B CTOPOHY HCTOYHHUKA CBETA.

Habmonass 3a pa3ButueM usruba B KOpHE, OTMEThTE, YTO B HEM
ObICTpee MPOUCXOIUT POCT KIETOK OCBEIIAeMO CTOPOHBI. TopMOKeHHe
pocTa 3aTeHEHHOW CTOPOHBI BBI3BIBAET U3THO OT CBETA.

[IporuBomnoNiO)KHAs peaknus CTeONs W KOPHS Ha OJHO U TO JKe
BO3JICMCTBUE YKa3bIBACT Ha pa3iauuve (U3HOJIOTUYECKUX CBOWCTB
KJIETOK 3TUX OPTaHOB.

U B xopHe, U B cTeOlie IEHCTBUE CBETA BOCTIPUHUMALTCS BEPXYIIIKOU
oprasa, a u3ru0 MPOUCXOAUT HUXKE, B TOM YaCTH, TJ€ KICTKU MPOXOIST
a3y pacTsKeHHs.

Puc. 1. ®@ororponusm credsist 1 KOPHS TOPYHIbI.

@ VCTaHOBJIEHO, YTO IIPY HEPABHOMEPHOM
Y

‘a OCBEIICHUU  CTeOJIs B HEM
E IPOMCXOMUT  IIepe-

| pacnpezneieHue TOpMOHa aykcuHa: 1o 75 % ero
NIEPEMELIACTCSI Ha 3aT€HEHHYI CTOpPOHY. OTO
IPUBOJIUT K YCWIEHHUIO PACTSIKEHHUS KIETOK M
YAJIMHEHUIO 3aTEHEHHOW CTOPOHBI.

B xopHe OonblIyl0 pojdb B TOPMOXKEHUH
pOCTa 3aTEHEHHON CTOPOHBI MIPAeT, BEPOSTHO, aOCIM30Bas KHCIOTA,
KOTOpasi CHHTE3HPYETCsl B KOPHE-

BOM YEXJIMKE M HAKaIJIUBAeTCs B OOJBIIOM KOJMYECTBE HA 3aTEHEHHOMN
CTOpOHE.
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Martepunanbl u 000pya0BaHHe: CEMEHA pacTEHUN ceMeicTBa
KPECTOLBETHBIX  (TOPYULBI.  CApENTCKOM, peauca  IOCEBHOIO),
HEBBICOKHI CTakKaH, KycO4eK MPOOKU WM MEHOIUIACcTa, YEPHBIN KOJITAK
¢ HEOOJIBLIIUM OTBEPCTHUEM IS CBETA.

Tema 8. ITPHCIIOCOBJIEHHUE H YCTOHYHUBOCTb
PACTEHHHUH

Y CcTOMYNBOCTD pACTEHMI K HEOIATOMPUATHBIM YCIOBHUSIM CPEIbI C
TOYKHA 3pEHUS arpOHOMHUYECKOM HayKd OLICHUBAETCA 10 TOMY,
HACKOJIBKO MPOAYKTUBHOCTh PACTEHUH IO BIUSHUEM 3THUX YCIOBHUM 1O
CPaBHEHUIO C MPOAYKTUBHOCTHIO UX Ha ONTUMaIbHOM (oHe. OleHka
YCTOMYMBOCTU PACTEHMM K SKCTpeMallbHbIM (akTopaMm (XoJony,
MOpO3y, 3acyxe, )Kape, 3aCOJIEHHOCTH) Ba)KHA JUIsl CEJIEKIIMOHHOW H
arpOHOMHUYECKOMN MPAKTUKH.

HauOonee HagexHbIe METOJIbI OLIEHKH YCTOMYMBOCTH PACTEHUH K
JKCTpeMalbHBIM (DakTOpaM — TpsSMbIE TOJEBbIE M BETeTAI[MOHHBIE
Metoabl. OgHaKo OonblIast TPYAOEMKOCTh U MPOJOKUTEIBHOCTD 3TUX
METOJIOB BBIHYX/JAIOT HCCIE0BaTeNIel MPUMEHATh Pa3HOOOpa3HbIe
YCKOpEHHBIE  J1abopaTopHble W  JIAOOPATOPHO-TIONEBBIE  METOJbI
JUAarHOCTUKU YCTOMYMBOCTU PACTECHHIA.

3umocToiikocTh, U XoJs0Ao0cTOoiiKOCTL. Ha Tepputropuu Hameit
CTpaHbl Hawnboyiee TyOUTENbHBI JUIS PACTEHU HU3KHE TeMIlepaTypbl
BO3/1yXa U Mou4Bbl. HU3KME oTpuLlaTeabHbIE TEMIIEPATypPhl MOBPEKIAIOT
3UMYIOIIME  pPACTE€HUs, HHU3KHE TOJOXUTEIbHbIE  TEMIEPaTyphl
OKa3bIBAIOT HEOJIArONpPUATHOE BO3JEHCTBHE HA XOA (PU3NOIOTHUECKUX
mporeccoB U (GOPMHPOBAHHE YpOXKas TEIUIONIOOMBHIX pacTteHuid. B
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€CTECTBEHHBIX  YCJIOBHUSX  YCTOMYMBOCTh 3UMYIOIIMX  pacTEHUN
CKJIa/IbIBA€TCSI HA MOPO30CTOMKOCTH, YCTOMYMBOCTM K BBIIPEBAHUIO,
BBIMOKAHHIO, JCMCTBHIO JIEISHOM KOpPKM U 3UMHEH 3acyxu (y
JPEBECHBIX PACTEHUHN U K COJTHEUHBIM 0XKOTaMm).

Hcnonb3yloT HECKOIbKO CHOCOO0B JUArHOCTHKU COCTOSTHHUS
3UMYIONIMX pacTeHud. J[ins 03MMBIX — 3TO METOJ OTpalllUBaHUS
MOHOJIMTOB; YCKOPEHHBIM, BOJHBIH METOJI; ONPEIEIICHUE OBPEXKACHUS
[0 OKpPAIIMBAaHUIO TKAHEW KpPACUTEISIMH; IO COCTOSIHMIO KOHYyca
HapacTaHusl.

3acyxoycTOH4YHUBOCTb. [Tpobnema 3aCyX0YCTOMYHUBOCTH
pacTeHuii aKTyajibHa JUIsi MHOTUX PETMOHOB HAIlIel CTPaHBI C apUIHBIM
KIIMMaTOM. 3aCyXOYyCTOMYMBBI T€ pPACTEHHUS, KOTOPHIE CIIOCOOHBI B
MpOLIeCCe OHTOTeHe3a NpUCIocabIMBaThCS K JCUCTBUIO 3aCyXu U
OCYILIECTBIIAThH B 3TUX YCIOBUSIX POCT, pa3BUTHE U BOCIIPOU3BEICHHUE.

®duznonornyeckass  3aCyXOyCTOMYMBOCTh  CKJIQJbIBAETCS U3
CIIOCOOHOCTEH pacTeHUH TMEepPeHOCUTh OOC3BOKMBAHWE W JICHCTBUC
BBICOKMX TeMmmeparyp. [lns AMarHOCTUKH  3aCyXOYCTOWYMBOCTHU
MPENOYTUTEIbHEE UCIOIb30BaTh MPSMbBIE METO/bI, HEOCPEICTBEHHO
CBSI3aHHBIE C 3aCyXOyCTOMYMBOCTHIO. K HUM OTHOCAT: ompeneneHue
3aCyXOyCTOMYMBOCTH B  3aCYIIHHKAaX;  OKCHUKATOPHBIA  METOA
OTpe/ieNIeHUs] CIOCOOHOCTH pPACTEHUM BBIHOCUTH 00€3BOKHMBAHUE;
OTpesieNIeHue BOJOYACPKHUBAIOLIEH CIIOCOOHOCTH; METOJ KOarysluu
OCNKOB; ompeneneHne TUAPOGUILHOCTH KOJUIOWOB IIUTOIUIA3MBl,
cojiepKaHusl CBOOOJHOM M CBSI3aHHOM BOJIbI, SIACTUYHOCTH U BSI3KOCTH
MPOTOIUIA3Mbl; METOJT KpaXMallbHOU NPOOBI U T.1.

CoseycToHYHnBOCTD. 3HAYUTEIBHOE pacrnpocTpaHEeHUE
3aCOJICHHBIX IMOYB Ha TEPPUTOPUU HalIEHl CTpaHbl M CYLIECTBEHHOE
CHIDKEHHE MPOIYKTHUBHOCTU C/X KYJIBTYpP B ITHX YCIOBHUSIX BBI3BIBAET
HEOOXOJIMMOCTh  OLEHKM CTENEHH COJEYCTOMYMBOCTH  PaCTCHH.
[locneanee mmeer BaKHOE 3HAUYEHHUE JUISI CEJIEKIMHM, UHTPOIYKLIUHU U
TEXHOJIOTUH BO3/1EIbIBAHMUS.

KpurepueMm coneycTOMYMBOCTH pPAaCTEHUN CIYXKHUT CTEIECHb
CHIDKEHHS TPOJYKTUBHOCTH TP 3aCOJIECHUM 110 CpPAaBHEHUIO C
MIPOYKTUBHOCTBIO Ha HOpPMaJIbHOM ¢one. Onpenenstor
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COJICYCTOMUMBOCTb  MPSIMBIMH, a TaKXe MeEHee TPYAOEMKUMU
KOCBEHHBIMH MeToAaMH. Ha 3aCOJeHHBIX MOYBaX OOBIYHO CHUKACTCS
BCXOXKECTh CEMSH, [T03TOMY OLIEHKY COJICYCTOMYMBOCTH BBIIOJIHSAIOT IO
MOKa3aTeasiM MpopacTaHus CEeMsSH (SHEprus MpopacTaHus, MPOLEHT
BCXOXKECTH, CKOPOCTh IpopacTaHus). M3 KOCBEeHHBIX 1abOpaTOPHBIX
METOAOB Haubojee M3BECTHBI: IJIa3MATUYECKUW;  OIpeesieHue
CKOPOCTH PacKpbITUSl YCTBULl B PACTBOPAX COJIEH; CTENIEHU U CKOPOCTU
«BBIIBETAHUS» XJIOPO(HIIIA, KOJTHMUECTBO alTb,OYMUHOB, IPOHULIAEMOCTH
IIPOTOIJIA3MBI U T.J.

Pabora 1. Omnpenenenue 3acyXoyCTOMYHBOCTH PacTeHUMH
NpopaluBaHMEM CeMsH Ha pacTBopax caxapo3bl CrnocoOHOCTbH
pacTeHMii Ha MEpBBIX ATAlax Pa3BUTHUS UCIIOJIB30BATh Biary B yCIOBHUSX
HE/JOCTaTOYHOI'O  BOJOCHAOKEHMsI CIY)KUT OJHMM U3  BaKHBIX
OMOJIOTUYECKUX M XO3AHCTBEHHO IIOJIE3HBIX IPU3HAKOB COpTA.
Omnpenensst KOJIMYECTBO MPOPOCIIUX CEMSH HAa PACTBOPAX C BBICOKUM
OCMOTHYECKHM JIaBJIICHUEM, MMMUTHUPYIOIIEM yCIOBHS
(U3NOTIOTHYECKON CYXOCTH, MPEICTABIISETCS BO3MOKHBIM OIPEACTUTh
Ha paHHUX ATallOB OHTOT€HE3a OTHOCUTENbHYIO 3aCyXOYCTOWYHBOCTH
BUJIOB U COPTOB.

Xon paborpl. 50 mTyK CEMsSH NPOTPaBIMBAIOT B PacTBOpE
¢dopmanuHa B TeyeHME 3 MHMHYT U 3aT€M IOMEIAIOT B CTEPUIIbHBIC
gamku Iletpy Ha @uibTpoBalbHYI0O OyMary M MpOpallUBaiOT B
pactBope caxaposbl (10 My Ha damiky) mpu Temmeparype +20°C B
Te4eHHue 7 CyTOK. BBICOKHMII MpOUEHT MpOpOCHIMX B caxapose
KOPPEIUPYET C BHICOKOW CTENEHBIO 3aCYyX0yCTOMUNBOCTH pacTEHUN Ipu
BBIpALIMBAaHUU B IIOJIEBBIX YCIOBUAX. B3sAThle copTa AOKHBI OBITH
OJIMHAKOBBIMHU 10 CKOPOCIIEJIOCTH.

Martepunansl u 000pynoBaHue: CEMEHAa pa3iIu4YHbIX IO
3aCyX0yCTONYHUBOCTH COpTOB IICHULIBI, Yalku [lerpu,
¢unbTpoBanbHas Oymara, pacTBOpP €axapo3bl € OCMOTHYECKHM
nasienueM 16 atm., dopmanus (1m1 Ha 300MI1 BOIBI).
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Padota 2. Onpenesnenne cTeneHn 3acyXo0yCTOHYMBOCTH
pacTeHuil Mo COCTOSAHUIO JMCTOBOro annapara (mo Kymakosy)

Xox padorsl. [ onpeneneHus CTENEHU 3aCyXOyCTOMYHUBOCTH
pa3IMYHBIX PACTEHUI MOKHO MUCIOJI30BaTh JBA METO/1A:

1)Onpenensercs Tiomaab WIA JUIMHA JIMCTBEB pacTECHUU
MIIEHUIbl pa3HOro sipyca. Tak Kak HpH NEPBOM MOSABICHUH 3aCyXH
HaOJI0AaeTCsl TOPMOKEHHE POCTOBBIX MPOIECCOB, TO OOBIYHO Y COPTOB
HE3aCyXOyCTOMUMBBIX pa3Mepbl JIMCTbEB BEPXHETO sipyca pe3Ko
COKpALIaOTCs.

OTHOLIEHNE IUIOIIAIA WIN JJIUHBI IIOCIEAHEr0 BEPXHEro JINCTa K
IJIOIIAAM WJIM JUIMHE MPEAIOCIEIHEr0 JIMCTa SBISAETCA HaJCKHBIM
MOKa3aTeJeM CTENEeHM 3acCyXOYyCTOMYMBOCTU pacTeHuil. M3mepenus
cienyer mnpoBoautb 1 50-100 pacrennit u OpaThb cpenHee
apu(METHIECKOE U3 TIOTYICHHBIX TAHHBIX.

2) [Ipo10IKUTENBHOCTD KU3HU JTUCTHEB OJHOUMEHHBIX SIPYCOB HE
OJIMHAKOBAsl y 3aCyXOYCTOMYHMBBIX M HE3aCyXOYCTOMYMBBIX PaCTECHM.
DTO CBS3aHO IJIaBHBIM 00pPa30M C J1€ATEIbHOCTHI0O KOPHEBOW CHUCTEMBI.
B noneBbIX ycIOBUAX MPOBOAST HAOIIOACHUS 32 CKOPOCTBIO OTMUPAHUS
HIWKHUX JIMCTBEB B NEpHOJ 3acyxu. PaHHee oTMHpaHHEe HUXHHUX
JUCTHEB TMpU  HEOJArOMpUATHBIX  YCIOBHUAX BOJHOTO  peXHMa
CBUJIETEIBCTBYET O CJa00M 3acyXOyCTOWYMBOCTH PACTEHHH. ITOT
II0Ka3aTeNlb XOPOLIO KOPPEIHUPYeT € ypOXKauHbIMU JaHHBIMH. i
MOJIyYEHUsI TOCTOBEPHBIX JAHHBIX UCIONB3YyI0T He MeHee 100 pacTenuii
Ka)KJJOTO BapuaHTa UM COPTA.

Marepuainsl " odopynoBanme: pa3uyHbIe 1o
3aCyXOyCTOMUMBOCTH COpTa MILEHUIIBI B (ha3e KOJOMIEHUs, TUHEHKA.

Pa6ora 3. Onpenesienne BOAOyAepPKUBAIOLICH CIIOCOOHOCTH
pacTeHui

Boooyodeparcusarowas cnocobnocms pacTeHUN ABISIETCS XOPOIIUM

MoKaszarejleM BOJOOOMEHa pacTeHHWl M YCTOMYMBOCTH HMX K

HEONaronpusATHbIM  (akTopaM BHeIIHEH cpeabl. M3BecTHO, UTO

HE3aBUCHMO OT TIOBBIINICHHWS WM CHWIKEHHUS TEMIepaTypbl U

KOJIMYECTBA BOJIbI B IOYBEHHOM PACTBOPE WJIM aTMocdepe, y pacTeHus
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BCEI/Ia CHIDKAIOTCS MHOTHE (PU3UOJIOTHYECKUE TIPOIIECCHl B Pe3yibTare
o0e3BokMBaHUA. YeMm Bblle  BOJOYIEP)KUBAIOIIAs  CIIOCOOHOCTH
pacTeHuii, TeM pacTeHHEe yCTOHYMBEee K HEOJAromnpHUsATHBIM YCIOBHUSIM
BbIpaliMBaHusl. PacTeHus cuuTaroTcsi yCTOWYMBBIMH, €Cu 3a nepsbie 30
MUH TI0CJIE Cpe3a OHM TePSIIOT Boy He Oosee 4-5% OT cBoel Macchl.

Xoa padorbl. Kaxmoro mccimeayemMoro ydactka OTOMparoT 1o 5
pacTeHMii, OTWICHAIOT y HUX KOPHEBYID CHUCTEMY TaK, YTOOBI HeE
MOBPEIUTh CTE0ENb, OYUIIAIOT PACTEHUS OT CTapbIX CYXUX JIMCTHEB.
3areM HaJ3eMHYIO0 Maccy 5 pacTeHHIl cHauanaa KOHTPOJBHOTO, a 3aTeM
OMBITHOI'O BApWAHTOB B3BEUIMBAIOT Ha 3JIeKTpuyeckux Becax. llocie
3TOTO PACTSHHS aKKYPAaTHO PACKJIAIbIBAIOT HA CTOJE TaK, YTOOBI OHU HE
KacaJluCh JAPYr JApyra M HE MEIIaJd HCIAPEHUIO BOIbI JIUCTHSIMHU.
Pactenus cnenyet packiansiBaTh ToJdbKO B TeHU. Yepe3 30 MuH Ha Tex
K€ Becax pacTeHUs TIOBTOPHO B3BEIIMBAIOT. 3aTEM B3BEIIMBAHHE
MOBTOPSIIOT uepe3 Kaxasle 30 mMuH B TeyeHue 2 4. Onpenenstor
KOJIMYECTBO MOTEPSHHOW PACTEHUSIMH BOABI 3a Kaxiple 30 MHH 1O
pa3sHULE MEXIYy NpeAblayled W MocieAyrouen Maccou. Pe3ynbTaTel
3aMMChIBAIOT B Ta0.

[lepecynThIBAIOT KOJWYECTBO MOTEPSIHHOW BOJBI B MPOIEHTAX OT
o0mieil ucmapsoniel maccol (IepBOHAYAIbHOE B3BEIIMBAHUE) M IO
MOJIYYEHHBIM pE3ylbTaTaM CTPOST JUarpaMMmy, XapaKTepU3YIOIIYIO
JUHAMUKY BOJOOTJA4YH Y PACTEHUM.

[To konmuecTBY MOTEpsHHOM BoAbI 3a nepBble 30 MUH CyIsaT 00
YCTOMYHUBOCTU PACTEHUHN K TAHHBIM YCIOBUSAM CPEIBI.

OnpenesieHue BOIOY/IEPKUBAOIIEH CIIOCOOHOCTH pacTeHMit

aH HHA Macca pactenuii , T [ToTepsiHO BOJBI paCTEHUAMH 32
™ H, KaXKIple
T 30 MuH

QT r % OT UCXOHOH
a MacChl

pa

BbIC
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Uc | Ye Ye | Ye Ye

X0 | pe pe | pe pe
MHA 130
15! 2
A 3H 3 > h 32 Ma| Mo| Ma| Ma| 1|2 |3
as | 30 q q q

[TporieHT MOTepsTHHOW BOJBI OMPEICISIOT 10 (hopMyIie:

IIB = M x 100 %

Hcxoonas macca
JlnHaMuKa BOJ0OTAAYH Y pacTeHHUil

H20,
%

0 30 60 90 120 Bpemst, MUH

Matepuanabl U 000pyaoBaHue: OOpa3lbl CEIbCKOXO3HCTBEHHBIX
PacTEeHU, DIIEKTPUUYECKHE BECHI.
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Pa6ora 4. Onpenesienne cCOCTOSTHUS 03MMBIX KYJIbTYP
YCKOPEHHBIM MeTO/I0M

CocTosiHUE O3UMBIX KYJIBTYP B BECEHHE-3UMHHUN MEPUOJI MOMKHO
ONpEeACNUTh MyTeM HaOJIOJIEHUsI MPUPOCTOB MEPUCTEMHOM TKaHU Y
00pe3aHHbIX Y3JI0B KYIIECHUSI.

Xoa padotsl. [Ipo6sr mis ananuza u3z 30-50 pacrenuii orOuparot
0 auaroHanu ydactka. Ilocie oTramBaHus pacT€HUs OTMBIBAIOT OT
MOYBHI M 00PE3aloT JIMCTh U CTeOIU Ha paccTostHuH 1-1.5 cMm ot y3ma
kymeHus. KopHeByto cucteMy ynaisitoT MOJHOCTBIO (puc.). I'0TOBBII
MaTepuai NoMenaT B yaiku [letpu, Ha JHO KOTOPBIX KJIAaTyT XOPOIIO
CMOYEHHBI BOJION ciioi BaThl Wiu Mapiu. Yamku [leTpu 3akpsiBaroT
kpbimikamu. [TpoOs1 BeinepkuBatoT 12-16 4 npu 24-26°C.

Ananu3 npoO BBHIMOMHSIOT MO OTPOCIIEH YacTH Y3JIOB KYIICHHS,
IIPUPOCT KOTOPBIX K 3TOMY BpeMeHU coctasisieT 3-15 mm. Pacrenus,
y3J1bl KYILIEHUSI KOTOPBIX JalOT UHTEHCUBHBIN mpupoct (okono 10 MM u
0ojee), CUMTAIOT XOPOIIO COXPAHHMBIIUMHUCS. B mampHelmiem, mpu
HOPMAJIbHBIX YCIOBHSIX, TAaKHE PACTEHHUS MOTYT OOECHEUUTh YpOKail.
Cnabbrit mpupoct (3-5MM) yka3plBaeT Ha TO, YTO PACTEHUS CUIBHO
MOBPEXKICHBI U MPOAYKTUBHOCTH UX Oy/IeT HU3KOH.

Pe3ynbTathl 3anMCHIBAIOT 10 clieAytomiei ¢popme:

Bapuanr | IIpupoct, MM OTHOIIEHUE YHUCIIa OTPOCIINX BrIBOIIBI O COCTOSTHUH
pacTeHuii Kk o0memMy ux auciy, % MIOCEBOB

Martepunansl n o6opynosanue: Hoxxuuupl, yamku [lerpu, mapis
WM BaTa, NOJUATUIICHOBAs MJICHKA, PUIIbTpOBalibHAs Oymara.

PaGora 5. BoisiBjieHHEe 3a1IMTHOTO IeCTBHS CaXapoB
Ha MPOTOIJIA3ZMY
[Ipu nelicTBUM OTPULATENBHBIX TEMIIEPATYP HA PACTUTEIbHBIE
TKaHW B MEKKIIETHUKAX 00pa3yeTcs Jied, KOTOPbIi, OTTATUBAs BOIY U3
KJIETOK, 00€3BOKMBaeT mpororuiazmy. [lpu ompeneneHuu creneHu
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00€3BOXKUBAHUS, WHIUBUAYAIBHONW [UISI KQXKIOTO PACTUTEIHHOTO
opraHusma, MpoToIia3Ma KoaryJiupyer.

Kpucrannel npna, oOpasyromuyecss HEOCPEICTBEHHO B KIIETKAaX,
OKa3bIBAIOT  MEXAaHWYECKOE BO3JEHCTBUE, B  pe3yjbTaTe 4Yero
HapylaeTcs BHYTPEHHSSA CTPYKTYpa MPOTOILIA3Mbl, PE3KO MOBBIIIAECTCS
€€ IPOHMIAEMOCTb, a MPH JJIUTEIBHOM O3KCHO3ULMHM Ha MOpO3€
HacTynaer ormupanue. CKOpOCTh OTMHUpaHHUS IPOTOIUIA3Mbl KIIETOK
3aBUCUT Kak OT TeMIEepaTypbl M BPEMEHM 3KCIO3MLMHU, TaK U OT
BOJIOYJIEP’KUBAIOIIIEH  CIIOCOOHOCTH CcaMOMl  KJIETKH. YBEIUYCHHE
KOJIMYECTBA PACTBOPUMBIX CAXapoOB B 3MMYIOIIMX OpPraHax pacTeHUU
MOBBILIAET BOJOYAECPKUBAIOIIYIO CIOCOOHOCTH TKaHEH.

Xoa padorbl. M3 OuuMIlEHHOW KpacHOW CBEKJIbI BbIPE3alOT TPHU
OJIMHAKOBbIE Kycouka AnuHoM 1.5-2 cm, mmpunoit u tommuHoi 0.5-0.7
CM, TLIATEJIbHO IPOMBIBAIOT UX BOJOM M MOMEIIAIOT MO OJHOMY B 3
pOOHPKH.

B nepByro npoOupky HaauBalOT 5 MJI JUCTHIUIMPOBAHHOM BOJIBI,
Bo BTOpyto — Smia 0.5 M pactBopa caxapossl, B TpeTbto 5 Ma 1M
pacTtBopa caxapo3sl. [IpoOupku moMemnamT B OXJIAJUTEIbHYIO cMeCh (3
YacTH CHera WM JbAa + | 4YacTh NOBApEHHOW COJIM), HUMEIOMIYIO
TEMIIEpaTypy OKOJIO -21°C. Yepez 20 MuHYT, KOraa >KMIKOCTb B
MpoOupKax 3aMep3HET, WX BBIHUMAIOT U3 OXJAJUTEIbHOM CMECH U
ONYCKaIOT B CTakaH ¢ BoAoul. Ilocne oTTanBaHWsg OTMEYAIOT OKPACKY
KHUJKOCTH B KaXJIOW NpOOMpKE, 3apHCOBBIBAIOT U JEJAIOT BBIBOJ O
3HAQUEHMM Caxapo3bl Kak 3alllMTHOTO BEIIeCTBa IMpPU 3aMEp3aHUU
pacTeHui.

Marepuanbl U 000pyI0BaHHe: KpacHas CBEKJa, MPOOUPKH,
yalka JJis OXJaJUTeNbHON cMecH, OIOpeTKH, CTaKaH, HOX WU JIE3BUE,
CHEer WM Jie/l, [TOBapeHHas coJib, pacTBOpbl caxapo3bl 0.5M u 1M,
Tepmomerp 10 —25°C.
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