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BBE/IEHUE

JIaGopatopHbie 3aHATUSL — 00SI3aTEIbHBI KOMIIOHEHT AUCIUILIIN-
Hbl "®U3M0JIOrUs pacTeHUil", U3ydaeMblil CTyJICHTAMH Ha BTOPOM Kyp-
ce. C moMomipio 1a00paTOPHBIX 3aHATUN OOYYAIOUTUECS MOTYT 3aKpe-
IIUTh paHee MOJYYCHHbIE HABBIKM U OCBOUTH HOBBIE METOJUKH, HAMPU-
Mep, [0 MUKPOCKOIIMYECKONW TEXHMKE, aHAJIU3y BEILIECTB C MOMOUIbIO
MHUKpPO- U MOJTYMHUKPOMETO/A, OPraHU3alUU U NIPOBEACHUIO UCCIIEI0BA-
HUH C IOMOULIbIO METO/I0B IOUBEHHBIX, [IECUAHBIX UJIM BOAHBIX KYJIbTYP
Y MHOT'O€ JPYroe.

Takum 00pa3oM, CTyIEHTHI B XOj/€ J1a0OpPaTOPHBIX paboT MOoITy-
YaroT HeOOXOIUMBIM 00BEM 3HAHUN M YMEHUN, KOTOPBII HY>KEH Y4HTe-
710 OMOJIOTUHU J1JISl TPOBEJIEHUSI COOTBETCTBYIOLIUX YPOKOB C yYalUMHU-
Ci WIM OpraHuM3alud ¢ YYEHMKaMHd BHEKJIACCHOM  Hay4HO-
HCCIIEI0BATENbCKON padoThl. OJHAKO HE TOJBKO OBJIQJCHHUE MpaKTHYe-
CKMMH HaBBIKaMU MpecleayeTcs J1abopaTOPHBIM MPAKTUKYMOM 10 (Hu-
suosoruu pacreHuii. Cama mo cebe mgaHHas ¢opma 0Oy4IeHHS CIIOCO0-
CTBYET Pa3BUTHIO y CTYJIEHTOB HAay4HOH (OPMBI MBILIUICHUS, JOTHKH,
YMEHHUIO JTOKa3bIBaTh U OTCTAaMBATh CBOIO TOYKY 3PEHUs, CIIOCOOHOCTH
paboTaTh B KOJIJICKTUBE U COBMECTHO pellaTh MOCTaBIEHHBIC 3a1auu. B
JTAHHBIX METOJUYECKUX YKa3aHMSIX NMPUBEIACHBI ONUCAHMS U MOCIeA0Ba-
TEIBHOCThH BBIMOJIHEHUS JTA00PATOPHBIX paboT 1o TeMaMm «DHU3HNOIOTHS
PaCTUTENBHON KIETKN», «BOIHBIN peXUM M MUHEPAIBHOE NUTAHHUE Y
pacteHuin», «POTOCUHTE3Y, «/IpIXaHue» u T.1.

Jlig Kaxa0ro 1abopaTOpHOro 3aHATHS B METOJMYECKUX YKa3aHU-
X TIOMHMO BCE€X HEOOXOAMMBIX YKa3aHUU M PEKOMEHAALNN TPUBOIAT-
Csl KpaTKUe TEOPETUYECKUE CBEIEHHUS, IMPU3BAaHHbIE NIOMOYb CTYICHTY
BCIIOMHHUTH WJIM YCBOUTH MH(OPMAIIHIO 110 KOHKPETHBIM TeMaM, HU3yda-
€MbIM B JIEKIIHIOHHOM KYpPC€ WJIM B IPYTUX JAUCLUHUIUIMHAX, C LEJIBI0 0CO-
3HAaHHOT'O M BJIyMUYHBOI'O BBIIOJIHEHUS JaO0OPAaTOPHBIX paboT U 0popM-
JIEHUS] OTYETOB O HUM.



Tema 1. ®U3HOJIOTHSA U BUOXUMHA PACTHTE/IbBHOHU
KIETKH

PactutenbHas KieTka SBISETCS BBICOKOOPTaHM30BAHHOW CHCTE-
MOW, OCYIIECTBIISIOIIEH Bce KM3HEHHO BakHbIe QyHKIMH. OHa Haxo-
IUTCSI B COCTOSIHUM IIOCTOSHHOM B3aUMOCBSI3U C IPYTMMH KIETKaMU
PacTUTENBHOTO OpraHM3Ma M ¢ OKpyxKaroulen cpenou. Kaxaon u3 opra-
HEJIJT KJIETKU UMeeT CBOU (QYHKUMU. DTH (PYHKIMM OCYILECTBIIAIOTCS B
YHUKaJIbHON BHYTPEHHEH cpezie, cO3/1aBaeMOil n30upareabHOW NpOHU-
LIaeMOCTbBIO M IPYTHMH cnenuduyeckuMu cBoiictBamu MmemOpas. M36u-
paTenpHas MPOHUIAEMOCTh O3HAYaeT, YTO pPa3JInYHbIE BELIECTBA IPO-
HUKAIOT CKBO3b MEMOpaHy C pa3HbIMH CKOPOCTSIMH, B OCHOBHOM IIO
IIPUYMHE Pa3HOW UX PACTBOPUMOCTH B OTJEIbHBIX KOMIIOHEHTaX MEM-
Opanbl. [loMumMo u36MpaTenbHON MPOHHULIAEMOCTH XHBOMY COAEPIKH-
MOMY PacTUTEIbHOW KJIETKH MPUCYIIU TaKue CBOMCTBA KaK pa3jpaxe-
HUE, TETEPOreHHOCTh, BA3KOCTb, MIACTUYHOCTD, ONPEACICHHBIN quarna-
30H pH, ocMOTHYEeCKH MOTEHIUAI U JIp.

Pab6ora 1. Haba1oaeHue njia3MoJiu3a M Jenjia3Mosamn3a

[Iporuiecc 06e3BOKMBaHMUS MPOTOILIACTA KUBOU KIETKH, IPU KOTO-
POM TIPOTOIJIACT HAYWHAET OTCTAaBaTh OT 00OJOYKH KJIETKU HA3hIBACTCS
nnazmonuzom (puc.l). IlnmazmMonus sBiseTcs pe3yiabTaToOM OTCACHIBAHUS
BOJIbI U3 KJIETOYHOT'O COKa KaKUM-JIHO0 mia3mMoauTukoM. [Ipu sTom Ba-
KyOIlb YMEHbIIIaeTCsl B 00BbeMe, a MPOTOIIa3Ma, YMEHBIIasCh B 00beMe,
IMOCTENEHHO OTIENISIETCSI OT OOOJOYKH KIJIETKH. B TakoM COCTOSHHH
KJIETKAa Ha3bIBAECTCS IUIA3MOJIM3UPOBAaHHOU. [Ipomecc mpoTuBOmOIOK-
HBIN TUTa3MOJIM3Y, KOTJa BoJa 0OpaTHO BCAChIBACTCS B KIIETOYHBIA COK
U yBeIMYMBaeT 00bEM BaKyOJM B TAaKOW CTEMEHU, YTO MPOTOIIazMa
HOPMAaJIBHO TIPHKaTa K 000JI0YKE KJIETKHU, HA3bIBAETCS 0enIa3MOIUZOM.

Takum 00pa3oM, BOCCTAaHABIMBAETCS TYPrOPHOE COCTOSTHUE KIIET-
ku. [Ipomeccel miazMonusa U Aeria3Moiin3a XapaKTEPHbI TOJBKO K-
BBIM KJIETKaM U OCHOBAHbI HA MOJYIIPOHULAEMOCTH IIPOTOILIA3MBI.



Puc.l. a — Typrop; 6 — BOrHyThIii IJ1a3M0JIU3; ¢ — BBINYKJIbIH MJ1a3-
MOJIN3

Xon padorsl. Heo6x01MMO MPUTrOTOBUTH TOHKHM CpE3 ¢ 3MUIEp-
MHCa OKpallleHHON Yellyu JyKa, a 3aTéM MOMECTHTb €ro B MOJISPHBIN
pactBop Ha 20-30 munyt. Ilocne yero paccMoTpeTh CHayana Npu Ma-
JIOM, a 3aTeM IpH OO0JIBIIOM yBEIHMYeHHH MUKpockona. Korna Hactynut
OTYETJIUBBIN IJIa3MOJIU3, 3apUCOBATH OTJENbHbIEC KIETKH B TETPaju, a
3aTeM 0TCOCaTh PacTBOP M3-1OJ MOKPOBHOTO CTEKJIA MOJIOCKON (PUiIhb-
TPOBAIBbHOM OyMmaru, BBECTH BMECTO HETO BOJAY K Kpar0 MOKPOBHOTO
CTeKJIa U HAaOJI0AaTh SBJICHUE JIeTUIa3MOJIN3A.

Marepuanbl 1 000py10BaHue: JIYK [IBETHOW, MUKPOCKOII, Mpe-
METHbIE M TIOKPOBHBIE CTEKJIa, OpUTBBI, CTEKJISHHBIC MAJOYKH, pac-
tBOp NaCl (MomnsipHbIi), puabTpOBaBEHAS Oymara.

PaGora 2. Onpenesienne 0CMOTHYECKOT0 1aBJICHUS
KJIETOYHOI'0 COKA METOI0M ILIa3MOJIU3a

[[1a3sMonuTHYECKUI METOH OMNpEETICHUs] OCMOTHYECKOTO JaBiie-
HUS OCHOBAH Ha SIBJICHHUH IJIa3MOJIN3a, HACTYIAIOIIEM IIPU MOTPYKEHUU
pPaCTHTEIHHOW KIIETKH B PAacTBOpP, KOHIICHTPAIMSI KOTOPOTO BHIIIE, YeM
KOHIIEHTpAIMsl KIIETOYHOTO COKa (THUIepTOHUYECKUH pacTBop). CTeneHb
MIa3Moiu3a (T.e. OTCTaBaHHWE MPOTOIUIACTa OT KJIETOYHOW OOOIOYKH)
TeM OoJblle, 4eM OOJbIIe pa3HUIlA B KOHIICHTPAIUSIX HAPYKHOTO pac-
TBOpa M KJIETOUHOTO coka. Eciu mogo0Oparh pacTBop, Mpu MOTPYKEHUU
B KOTOPBIH KJIETKH OyqyT OOHapyXHBaTh camMyio ci1adyio, HayalbHYIO
dbopMy (yrimoBoii miaazMonu3). To O4EeBHAHO, YTO KOHIIEHTPAIIHS 3TOTO
pacTBOpa JUIITh HE3HAYUTEIHHO MPEBHIIIACT KOHIICHTPAIMIO KIETOYHO-
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rO COKa, T.€. PACTBOP MPUOIU3UTETHFHO MOXKHO CUMTATh W30TOHUYECKUM

(puc.1).

TMN@PTOHUYECKUA W3IOTOHAYECKUA TUNOTOHWYECKUHA

BaKyors

Mnaamonua Typrop

Puc.1. [deiicTBue pacTBOPOB Pa3jIM4YHON KOHIEHTPALMU HA PacTH-
TeJbHYIO KJIETKY

Xoa pa6orsl. B mpobupkax rorosar mo 10 mu 0.5 M, 0.4M,
0.3M, 0.2M, 0.1M pactBopa NaCl pa3baBieHueM ITUCTUILTHPOBAHHOM
BOs10i 1M pacTBOpa 3TOH COM. PacTBOpHI TIIATENBHO MEPEMEIINBAIOT
Y CTaBAT B PsJ 110 YOBIBAIOIIEH KOHIIEHTPAIHH.

Jle3Buem Ge3o0macHON OPUTBBI TOTOBAT TOHKHUE CPE3bI C BHITYKIION
MOBEPXHOCTH YEHIYH JyKa U3 CPETHETO XOPOIIO OKPAIIEHHOTO y4acTKa.

B pactBopBl, HauMHast ¢ BEICOKOW KOHIIEHTPALIUH, Yepe3 Kaxiple 3
MUHYTHI OIlycKaroT 1o 2 cpe3a. Yepe3 30 MUHYT Iociie MOTPY>KEHUS
Cpe30B B MEPBYIO MPOOUPKY MCCIEAYIOT X MOJ MUKPOCKOIIOM B Karuie
pacTBopa 3 nepBoil nmpodupku. Uepe3 3 MHUHYTHI pacCMaTpUBAIOT Cpe-
3bI U3 BTOpPOW mpoOupku. Jlanee HaOMIOJAIOT Cpe3bl U3 MOCIETYIOIUX
pacTBopoB (110 yObIBaroe KOHIEHTPAllMK) ¢ UHTEpBajlaMH B 3 MUHY-
Thl. DTUM JIOCTHTaeTCs OJAMHAKOBAsl MPOJOJIKUTEIBHOCTh HAXOMXKACHUS
Cpe30B B paCTBOPAX, YTO SBJISACTCS HEOOXOTUMBIM YCIIOBHEM OTIBITA.

OmnpenenstoT cTeneHpb M1a3MOoJIn3a KIETOK B KaXJOM pacTBOpe U
HAXOJAT W30TOHMYECKYI0O KOHIIEHTPAIMI0 KaK cpenHee apudmernye-
CKO€ MEXly KOHIIEHTpAIUEH, MPH KOTOPOH MIa3MOJIN3 TOJbKO HauYMHAa-
eTcsl, ¥ TOM, KOTOpasi He BBI3bIBACT TIIA3MOJIN3A.

3Has U30TOHMYECKYIO0 KOHIICHTPAIMIO Hapy>KHOTO pacTBopa. BrI-
YHCIISIFOT MMOTEHITHAIEHOE OCMOTHYECKOE JTaBICHHE KIETOYHOTO COKa
(P) mo ¢popmyie:

P=RTCiI,
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I'me R - razosas nocrosiHHasi, paBHast 0.0821 i atm/rpan Modb;

T- abcomtotHas Temrepatypa (273°C + temneparypa KOMHaTHas);

C- m3oTOHMYECKAs KOHIICHTPAIIUS B MOJISIX;

I- I30TOHMYECKUI KOAPPHUIIUCHT. XapaKTePU3YIOIINil HOHU3a-
o pactBopa (st NaCl u KNO3 pasen 1.5, aist caxapo3ssr — 1 ).

BennunHy nMoTeHIIMaTbHOTO OCMOTHYECKOTO JaBJICHHS KJIETOYHO-
ro COKa MOXHO BBIYHCIUTH W 0oJiee MPOCTBIM criocoOom. I3BecTHO,
HaIpUMep, YTO OCMOTHYECKOE JIaBJIeHHE HOPMAJIbLHOTO pacTBOpa caxa-
po3bl paBHO 22.4 atMm., a pactBopoB NaCl u KNO3 paHo 33.6 atm.
CrnenoBaTenbHO, BBIYHUCICHHE MOXKHO HPOU3BOIAUTH TaKUM 00pazoMm:
ISl cCaxapo3bl.

1 mosib - 22.4 atm.

0.25 mons - x

x=22.4x0.25=5.6 atm.
1
ma NaCl
I monmp  —33.6 atMm.
0.25 monst - x
x =33.6x0.25=8.4 atm
1
Pe3ynbTathl OMbITa 3aMMUCHIBAIOT B TAOIUITY:

Konnenrpamus| IIpomomkntensHOCTh npe- | PesynbraTel HaOmonenus | BriBozpt
pacTBOpOB, ObIBaHUs Cpe3a B pacTBOpPE
MOJIH
Bpems Bpems CreneHpb PHUCYHOK
NOTPYX. | HAOIMIOJNCHMS | IUIa3MOoJIn3a
0.5
0.4
0.3
0.2
0.1

Marepuajbl 1 odopynoBanme. 1BeTHOH yyk, pactBop NaCl,
NpeIMeTHbIE U IOKPOBHBIE CTEKJIA, CTEKJISIHHbIE MAJOYKH, OIOKCHI,
¢bunbTpoBaNbHasg Oymara, MUKpOCKOIbI. BpUTBbI, penapoBagbHbIe HI-
JIBL.



Padota 3. Onpenenenne xKu3HeCNOCOOHOCTH CEMSIH
M0 OKPAIIMBAHUIO IIUTONJIA3MbI

MeTox OKpaIMBaHusl CEMSH JUISl OTIPEICICHUS X JKU3HECTIOCO0-
HOCTHU OCHOBaH Ha HEMPOHUIAEMOCTH XKHUBOU IIUTOILIA3MbI JIJIsl HEKOTO-
PBIX Kpacok (MHAUTOKApMUH KUCHTBINA (DYKCHH ), TOTJa Kak MepTBas IH-
TOIIa3Ma JIETKO MOJIKPAIIBACTCS.

Xon padorei: Metoa Hemro6oBa. Cemena ropoxa, HaMOUEHHbIE
B TeueHue 184 mpu ZOOC, 0CBOOOXKIAOT OT ceMeHHON 00oyiouku. 10
ceMsiH, noMemaroT B 0.2-HbII pacTBOp MHIMIOKApMHUHA Ha 2 4aca NpU
30°C. 3aTem KpacKy CIMBAIOT, CeMEHAa MPOMEIBAIOT BOAONPOBOIHOM
BOJIOM U yCTaHABIMBAIOT UX KU3HECTIOCOOHOCTD.

CeMeHa ¢ HEOKpallleHHBIMH KOpPEUIKaMu U c1abo OKpalleHHBIMH
CeMAONSAMH OTHOCST K JKHU3HECTOCOOHBIM. CeMeHa ¢ MOJHOCTHIO
OKpAIlIEHHBIMU KOPEUIKaMU U CEMSIOISIMU MPU3HAIOT HEXU3ZHECI0CO0-
HBIMHU.

Metoa UBanoBa. Cemena mienunsl (101mT.), HAMOYCHHBIEC B Te-
yenue 104y nmpu KoMHaTHOM TeMmeparype. Pa3pesarot Bosb 60po31ku u
nomemnaroT Ha 15 munyt B 0.2%-HbI# pacTBOp Kucinoro ¢pykcuna. Kpac-
Ky CIMBalOT, CEMEHA IIPOMBIBAIOT BOJOW M, Pa3ji0okKHUB UX MHUHILIETOM Ha
GbuIbTPOBANBHOM Oymare, ONpeAesoT KUZHECTIOCOOHOCTb.

VY KU3HECNIOCOOHBIX CEMSIH 3apOJIbIIIN HE OKpAIIEHbI, a y MepT-
BBIX MJIU CHJIBHO TIOBPEXKICHHBIX — OKpAIIEHbI O0Jiee MM MEHEee MHTEH-
CHBHO.

3apHCOBBIBAIOT 110 2 )KU3HECIOCOOHBIX U HEXXHM3HECTIOCOOHBIX Ce-
MEHHU ropoxa M MIIeHUIIbI. J[eTatoT BHIBOIBI.

Marepuanbl U 000pya0oBaHMe. YOUTHIE U KMBBIE CEMEHa TIIIIe-
HUIBl U TOpOXa, MUHLET, Je3Busi. OuibTpoBanbHas Oymara. IIpenapo-
BajlbHbIe UIJIbI, Jynsl 0.2%-HbII pacTBOp Kuciaoro ¢ykcuna u 0.2% -
pacTBOp UHAUTOKapMHUHA.

Padora 4. [IpoHnnaemMocThb ;KUBO U MePTBOi
NMPOTOILIA3MBI IJIfl KJI€TOYHOT0 COKA
JKupas mporomnazma o0iagaeT n30UpaTeTbHOM MPOHUIIAEMOCTHIO
(MOJTyNIPOHUIIAEMOCTBI0), KOTOpasi 00eCreynBaeT COXpaHEeHHUE MOCTOSH-
CTBa BHYTPHKJIETOUHOW cpensl. [lpu paspymieHnn cyOMHKpOCKOIHYeE-
CKOW CTPYKTYpPBI MPOTOIJIA3MbI 3TO CBOMCTBO TepsieTCs, U OHA CTAHO-
BUTCSI TIPOHUIIAEMOH JIJISl BCEX BEIIECTB, B TOM YHMCIIE U JIJISI KIIETOYHOTO

8



coka.. [Ipyu 3TOM MHTEHCUBHOCTH BBIXOJla COKA U3 KIJIETKHU CIY>KUT KpH-
TEpUEM €€ TIOBPEKICHHUS.

Xoa padoTsl. 13 ouniieHHOM KpacHOM CBEKJIbI CBEPJIOM JUAMET-
poB 0.7-0.8cM OepyT KyCKHM HMIMHIPUYECKOW (OPMBI UTMHOW 4CcM H
THIATENFHO TIPOMBIBAIOT BOMOH. [IpenBapuTensHO B YEThIpe MPOOHPKHU
HanuBaroT 1o 10MJ1 pa3nuyHBIX pacTBOPOB: B nepByro — 30%-Hyr0 yK-
CYCHYIO KHCIIOTY, BTOpYIO0 — 50%-HbIi CIUPT, TPETHIO U YETBEPTYIO —
BOJIONPOBOJHYIO BOAY. 3aT€M B IEPBYIO, BTOPYIO M YETBEPTYIO IPO-
OMpKH OMYCKAIOT IO OJJHOMY KYCOYKY TKaHH CBEKJbI. OJIMH U3 KyCO4-
KOB CBEKJIbl KUIIATAT B OTAEIbHOM KOJIOE WM MPOOUpPKE B TeueHue 2
MUHYT, OXJIQXIAIOT U OIYCKAIOT B TPEThIO MPOOUPKY C XOJOJHOU BO-
JOTIPOBOIHOM BOJ0M. Bee mpobupku B Teuenue 30 MUHYT CTOAT B IIITa-
THUBE, TIOCJIE YeTO MX WHTEHCHBHO BCTPSXHBAIOT, KYCOUKH CBEKJIbI U3-
BJICKAIOT U B KAKJ0M OTMEUAIOT OKPACKY KHUJKOCTH.

Pe3ynbratrhl 3anmuceBalOT B TAOIUILY:

Bapwuanr omsita Oxpacka XKHIKOCTH B [MomynporumaeMocts
pooupKe MIPOTOILIA3MEI
YKCycHast KHCIIOTa
Cnupt
Ilocne kumsTIeHUS
KoHnTponb

Marepuanbl M 000pyI0BaHHe: KpacHas CBeKJa; MpPOOOYHOE
CBEpJIO; CKaybelnb; Npooupku; 30%-Hast ykcycHas kuciota; 50-%HbIi
CIUPT; COUPTOBKA; TMHEHKA.

PaGora 5. Onpenesienne cocymeil CHJIbI PACTUTEIbLHOM
TKaHHU METO/I0M I10JIOCOK

Cocyweii cunoii KJIETKU Ha3bIBA€TCS Ta CHJIA, C KOTOPOW KIIETKa
BCachIBaeT B ce0sl BOAY U BbIpaXKaeTcs Pa3HOCTHIO MEXAY OCMOTHYE-
CKUM JlaBJeHHueM M TypropubeiM: S = P — T. Ona xapakTtepusyer BOj-
HBIM OTEHIMA TKaHU U €€ olpeaeseHue HeoOX0UMO /ISl BBISBIICHUS
YPOBHS 00€3BOXKHMBAHUS PACTEHUH M CBOCBPEMEHHOI'O IPOBEIEHUs Be-
reTallMOHHBIX MOJIMBOB B YCIOBUSAX OPOLIEHUS C/X KYJIbTYP.

MeTo NOJIOCOK OCHOBaH HAa M3MEHEHMM pa3MEpPOB TKaHEW moj
JEWCTBUEM pacTBOPOB. EciM KOHIIEHTpanus pacTBOpa B KOTOPOMl MO-



Ipy’KaeTcs MOJIOCKA TKaHU, HUKE KOHLIEHTPALMK KJIETOYHOTO COKa, BO-
na OyIneT BcachlBaThCS PACTUTENBHOW TKaHbIO, U OH OyIeT yBelIU4u-
BaThCs B CBOMX pa3mepax. M, Hao0opoT, mpH MOrpy>KEHUHU B PACTBOP C
OoJsiee BBICOKOM KOHLEHTpalMed MOJIOCKa TKaHU OyJeT YMEHBILIAThCS.
OcHoBHas 3a1a4a cBOAUTCS K ToMy. UToObl momoOparb pacTBOp HpH
IOTPYKEHUHU B KOTOPBII pa3Mepbl TKAHU HE U3MEHSIOTCA.

Xoa padorsl. B Heckonpkux nmpoOupkax. PaccraBieHHBIX B MITa-
TBe, mpuroraBnuBaloT pactBopsl NaCl paznnunbix KoHueHTpanuii. B
Ka4yecTBe ucxoaHoro ucnoib3yercs 1M pactBop NaCl, uz kotoporo my-
TeM pa30aBiieHUs JUCTHLIMPOBAHHOM BOJIOM mpuroraBiuBaioT mo 10M
pacTBOPOB HEOOXOMMOM JIJIsl OTIBITA KOHIIEHTPAIUECH.

3aTteM ¢ MOMOUIbIO MPOOOYHOTO CBepila W3 KIyOHs KapTodens
BbIpe3atoT 5 monocok JiauHou 1.5-2cm. KoHIbI MX cpe3aroT HaucKoch
(M BBIpE3alOT CKajpleseM JUIMHOW 3¢cM u ceueHueM 4Mm). Muuin-
METPOBOW JINHEUKOW U3MEPSIOT UX JUIMHY, IOBEPXHOCTh MOJCYIIHBAIOT
GuIbTpOBaNBbHOM OyMarol U MoMelaT B pacTBOPbI C UHTEPBAIaMU B
2-3 muH. [locne 20 MuH peOBIBaHMS B pACTBOPAaX UX BHOBb U3MEPSIOT.
PacTBOp, B KOTOPOM JJIMHA HOJOCKU OcTanach 0e3 M3MeHEeHHs Oyner
U30MOHUYHBIM KJIETOYHOMY COKY JaHHOW TKaHHU. Pacder BeJIMYUHBI CO-
Cyllel CHJIbI MPOU3BOJUTCSA, TaK K€ Kak M B paboTe MO OINpe/eeHUI0
OCMOTHYECKOT'O JaBJICHUS.

Pe3ynbpTaThl OnbITa 3aMKUCHIBAIOT B TAaOIMILY:

Kont-ust | IIponomkuTenbHOCTh PeObl- JnHa TkaHu, MM BriBoabl
pacT-oB, BAaHMUs CPe3a B pPaCTBOPE
MOJIH Bpewms Bpewms Ilepen ITocine npe-
MOTPY)KEHUsI | HaOJIIOJeHUS MOTPY>KEHHEM | OBIBaHUS B
B PP p-pe
0.5
0.4
0.3
0.2
0.1

Marepuanbl U o6opyaoBaHue: KIyOHH KapTodens; pacTBOpPHI
NaCl; mpobupku; mpoboYHOE CBEpiIO; JUHEHKA; (HUIBTPOBAIbHAS OY-
Mara; CKaJbIleNb; MpenapoBaibHas uria.
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Padora 6. Onpenenenne cocyuieii CHIbI TKAHU METOAOM
crpyek (o lllapaakoBy)

JIlaHHBIA METOJI OCHOBAH HAa TOM, YTO KOHLEHTpALUS pacTBOpa 3a
BpeMsl NpeObIBaHMs PACTUTENBHON TKAHU M3MEHSETCs BCIEICTBUE 00-
MEHA BOJOM MEXIy KIETKaMHU U pacTBOpPOM. Eciau TkaHb morpyxeHa B
pacTBOp, COCyIasi CHJIa KOTOPOTO MEHBILE COCYILEH CUIbI TKAaHU, TO
KJICTKH TIOTJIOUIAIOT BOAY U3 PAacTBOPA, U OH CTAHOBUTCS 0oJiee KOHIIEH-
TpupoBaHHbIM. Hao60poT, npy norpy’eHun TKaHu B pacTBOP, cOCyLIast
CHJIa KOTOPOTO OOJIbIIIE COCYIIEH CHIIBI TKaHHU, PACTBOP, BHITATHBAs BO-
Iy U3 KIETOK TKaHU. CTaHOBUTCA MEHEE KOHLEHTPUPOBaHHBIM. I10Jib-
3yACh CBS3bI0 MEXJY KOHIIEHTpalMeW U yJeNbHBIM BECOM pPacTBOPOB
MOJKHO JIETKO OIPENeINTh, UMEET JIM COCyLIas CUila TKaHU OOJbIIYIO
WIM MEHBUIYI0 BEIMYMHY, YEM COCYIas CUJIa PAacTBOpa, B KOTOPBIH
TKaHb ObUIA MOrpYyXEHa.

Xoa paborsl. B mtaTtuBe B JBa psiia paccTaBisOT 10 5 npoOu-
pok. B npobupkax neporo psiga rotosst mo 10ma pactsopa NaCl pas-
JMYHBIX KOHIEHTpauui pazbasineHuem 1M pacTBOpa 3TOH conmu Iu-
CTWJIJIMPOBAaHHOW BOJOM. PacTBOpBI THIATENBHO NEPEMENIMBAIOT U I10
1M mepeHocsaT B MPOOHPKH BTOPOTO psifa. Bece mMpoOHpKH 3aKpHIBAIOT
nmpoOKamu.

[Ipu momomu npo6oyHoro ceepia Boipe3atoT 30 BbICEUeK U3 JIH-
CTBbEB. J[J11 ATOrO JUCT HWKHEN CTOPOHOM NOBOPAYMBAIOT BBEPX, MOJ-
KJIJBIBAIOT MOJI HEro PEe3MHOBYIO IIACTUHKY W MEXIY KpPYIHBIMHU
KUJIKaMU BbIOMBAIOT BbIceukH. OMycKaroT Mo 6 BbICEUEK HUKHETO psla
Ha 40 muH. Yepe3 kaxapie 10 MuH. BeTpsxuBaroT npoOUpKH ¢ BbICEU-
KaMH. 3aTe€M CTEKJIIHHOH INaJOYKON BBIBOAST BBICEUKHM HA CTEHKH IPO-
oupok. [logkpaminBaroT ONBITHEIE PACTBOPBI B IPOOMpPKaxX BTOPOTO psja
METHJICHOBOM CHHBKOM, B3ATOM B HEOOJBIIOM KOJIWYECTBE Ha KOHYMKE
IpenapoBajibHON WUTribl. BerpsixuBaroT mpoOupku, JOOMBasCh paBHO-
MEPHOH OKPaCKH pacTBOpa.

B mnumerky ¢ OTTSHYTBIM KOHIIOM HaOHMpalOT MOJKpaIlIeHHbIN
ONbITHBIA pacTBOp. KoHel NMUIEeTKH OmyCKaroT B COOTBETCTBYIOLIWI
UCXOJHBIA pacTBOp B MPOOMpPKE MEPBOro psiaa Tak YTOOBI HUKHHUI KO-
Hell TUMETKU ObLI MOrpy>KeH B pacTBOp Ha 2-3cM. MeasieHHO BhIMyC-
KalOT UAKOCTb U3 MHUIETKH B UCXOJHBIA pacTBOp, OTMEYasi HalpasJie-
HUE JBWXKEHMS CTpyHWku. Ecim KOHLEHTpauus H, CIEI0BaTENbHO,
YAETbHBIA BEC OKPALLIEHHOTO PacTBOpa YBEIUYMIIUCH, 10 CPABHEHUIO C
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UCXOJHBIM, TO CTpPYHKa MOWJET BHU3, €CIH, HA00OPOT, KOHIICHTPALIUS
YMEHBIINJIACh — CTpYyHKa moiaet BeepxX. [Ipu paBeHCTBE KOHUEHTpAIUH
CTpy#Ka paBHOMEPHO pachpelesieTcss BHYTPH MPOOUPKH C UCXOTHBIM
pacTBOPOM.

Bennuuny cocymiei cuiibl 10 HAMJAEHHOM U3 ONbITA HEU3MEHUB-
1ieicsi KOHIEHTPAIMM PAaCCUUTHIBAIOT MO (opMyIie (CM. MPEIbIIyIIYIO
pabory).

Pe3ynbTathl onbiTa 3aMKUCHIBAIOT B TAOIUILY:

Komnnenrp. NaCl Hanpasnenue ctpyek Cocymas cuna, aTM.

0.5

0.4

0.3

0.2

0.1

Marepuanbl 1 000py/i0BaHHe: IepaHb; IITATUB; IPOOUPKHU; Irpa-
IyUpOBaHHbIE MUNETKU Ha 10 MJ; cBepio; pe3UHOBasl IUIACTHUHKA; MTUH-
1ieT; yachl; 1M pactBop NaCl; meruneHoBast cuHbKa.
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Tema 2. POTOCHHTE3

domocunme3 — MPOLIECC YCBOCHMsI PACTEHUSIMU CBETOBOM 3HEP-
UM U UCIIOJIb30BAHUS €€ Ul 00pa3oBaHUs OpPraHMYeCKHX BEILECTB U3
IMOKCUAA yriepoja U Bojbl. B xone sToro nporecca B atMochepy BbI-
nensercss Kuciaopod. DoTocHHTE3 OCYHIECTBIISETCS MPU Yy4aCTUU MHO-
rux (pepMeHTOB M KO(PAKTOPOB. Y CIOBHO B HEM BBIIEISIOT JIBE CTA/IUU:
CBETOBYIO, MJU (DOTOXUMHUYECKYIO, U TEMHOBYIO, WM XHMHYECKYIO.
[lepBasi BKJIIOYAET pEaKIMH TOTJOUICHUS XJIOPOPHUIUIOM H APYTHMMH
MUTMEHTaMU KBaHTOB CBETa M MOCJIEIYIOIIYI0 TpaHC(HOPMAIIHIO CBETO-
BOH SHEPrUM B XMMHUYECKYIO dHepruto cBsizeil AT® u BOCCTaHOBIEHHO-
ro HAJI® H. B temuoBo#i ctaguu 3amacerHas B popme AT® u HAJID
H xumunueckas 3Heprusi MCHOJb3YyeTCs ISl BOCCTAHOBJICHUS aKLENTH-
POBAHHOTO AMOKCH]IA YTJIEPO/Ia 10 YIIIEBOJOB U JPYTUX MPOIYKTOB.

VY BpICHIMX pacTeHUN (QOTOCHHTE3 IMPOTEKAET B CHELHAIbHBIX
KJIETOYHBIX OpraHesiax JUCTheB (M APYTHX 3€JCHBIX YacTei) — XJI0pO-
I1acTax, YMcjao KOTOPBIX B KJIETKAX BapbUPYET B 3aBUCHMOCTH OT B/
pacTeHuss U TKaHU. B OJHON KIeTKe JHcTa B CpPelHEM MPHUCYTCTBYET
20...30 xmoporuactoB. O0pa3yromniyecs: B IJIaCTUAAX MPOJIYKThI acCH-
MUJISIIIUHM TPAHCIIOPTUPYIOCS B JAPYTryUe OpraHbl U TKAHU PAacTEHUs, Ile
HCIOJIb3YIOTCS B IIPOLIECCE META0O0IU3Ma U POCTa.

Pa6ora 1. Onpenesienne XUMHYECKUX CBOWCTB MUTMEHTOB JIUCTA

[TurmMeHTHAs cucTemMa XJIOPOIUIACTa MpeICTaBleHa ABYMS TUIIAMU
MUTMEHTOB: 3eJieHbIMU — xsopodmutamMu «a» CssH720sN4Mg , xiopo-
¢mnn «B» CssH7006NsMQ; xenteiMu — kapoTuH CaoHse, kcaHnTOQMILI
Ca0Hz602.

ITosyyeHue cnUpTOBOro pacTBopa (BBITSKKH) NHUIMEHTOB.
[TurMeHTHI U3 PACTUTENBHOW TKAaHW M3BJIEKAIOT MOJSIPHBIMH PAaCTBOPH-
TeNAMHU (3TUIIOBBIM CIMPT. alleTOH), KOTOPbIE Pa3pyIIaloT CBs3b XJIOPO-
(GUIIOB U KCAaHTO(WIIJIOB € JIUTIOMIPOTEHIAMH TUIACTHI U TEM CaMbIM
o0ecreynBaoT UX MOJHOE SKCTparupoBaHUe.

CBexxue WM Cyxue JIMCThS MEJKO Hape3aTb U pacTeperh B ¢ap-
¢dopoBoii crynke B 3-4 mu 96%-Horo cnupra. B momydeHHyro maccy
npubasisieM 8-10MJI STHIIOBOTO CIUPTa M MPOJOKAEM pPacTUPaATh 0
MOSIBJICHUSI 3€JIEHOr0 OKpamuBaHus. [lolydyeHHYI0 CIUPTOBYIO Maccy
GUIBTPYIOT Yepe3 CKIIaAuaThlii (UIBTP B CyXYHO MPOOUPKY U MOJy4a-
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10T CIIUPTOBYIO BHITSDKKY XJIOpO(MIIA, HMEIOIIYI0 HHTCHCUBHYIO 3eJIe-
HYIO OKPAaCKY.

Pa3znenenue nmurmentoB mo Kpaycy. Merox ocHoBaH Ha pas-
JMYHOW PacCTBOPHUMOCTH IHTMEHTOB B CIHPTE U OCH3MHE. YKa3aHHbBIE
pPacCTBOPUTENIM B OJJHOM COCYZIE HE CMEIIMBAIOTCS, a 00pa3yroT aABe (da-
3Bl — BEPXHIOK OCH3MHOBYIO M HIDKHIOI CIIMPTOBYIO, OJlarogapsi uemy
pa3AemsAI0TCsl KOMIOHEHTHI CMECH IIUTMEHTOB.

B npoOupky HasmmmBaroT 2-3MJ1 CHUPTOBOTO IKCTPAKTa MUTMEHTOB,
no0aBistoT 3-4Mi1 OeH3uHA U 1-2 KA TUCTHITMpPOBaHHOM Bobl. Co-
JEep)KUMOE TPOOUPKHA CHIIBHO BCTPSIXHBAIOT, MPEIBAPUTEIBHO 3aKPHIB
ee IpoOUpPKOW MM OOJBIINM MajibleM, U OCTABISAIOT OTCTOATHCS. [lo
Mepe PacCIIOCHUs SMYJILCUN OCH3MHOBBIN CIIOW Oy/leT OKpaIIUBaThCS B
3€JICHBIM I[BET W3-3a JIy4lllell pacTBOPUMOCTH B HeM XJsopoduiuioB. B
OCH3MH TEPEXOJUT KApOTUH HO €ro OKpacka MacKHUPYeTCs OKpacKou
xsopoduiuia. KcaHTo(mi octaeTcst B CIUPTOBOM CJIO€ U TMPUAALT EMY
30JIOTHCTO-XKEITYIO OKPACKY.

OwmbLienne xjaopoduiuia meaoubrw. O0padareiBas XJI0pOPUILT
IIeJI04YbI0, MOXKHO BBI3BaTh OMBUICHUE 3(DUPHBIX TPYIII, T.C. OTIICIIIC-
HHUE OCTaTKOB METUJIOBOTO CIIUPTA U (hUTOIA:

COOCzH3g COONa
/ /
MgNOH3oC32 + 2NaOH— MgN4OH30C3z + CyH3zOH + CH30H
\ \
COOCH;s3 COONa

OO6pa3yromiascst Ipu 3TOM COJb XJIOPO(UIUIMHOBOM KUCIOTHI CO-
XpaHsET 3€JIEHYI0 OKPacKy T.K. HE 3aTPOHYT aTOM Mar"usi, HO OTJIu4a-
€TCsl OT Hero 0oJIbLIeH THAPOPUIBHOCTBIO.

Xoa padorsi: B npobupky ¢ 2—-3 M1 BBITSKKA TMTMEHTOB J100a-
BuTh 1-2 karmmm 20%-Horo pactBopa NaOH. IIpo6upky Harpets Ha BO-
IsiHOM OaHe 10 3akunaHus B Hell pactBopa. ITocne oxnaxaenus noba-
BUTh B MpoOUpKY 2—3 Mi1 OeH3MHA U 2—3 Karik BOAbI (ISl JTyYILEero
paszeneHus cMecH). 3aTeM COJIEPKUMOE MPOOUPKU CHIIBHO BCTPSIXHYTh
U JaTh OTCTOATbCA. B mpoOupke AOKHBI NPUCYTCTBOBATH JBA CIIOS:
HWKHUH (CTIUPTOBBIN), OKpAIlIEHHBIN B 3€TI€HBIN 1IBET; BEpXHUH (OeH3U-
HOBBII), OKpAIIICHHBIN B JKENTHIM 1[BET. B CIUPTOBOM Cll0€ pacTBOPEHBI
HaTpHUeBast COJIb XJIOPO(UIITMHOBOM KUCIOTHI M KCAHTO(DUIUIBI, OKpacka
KOTOpBIX Mackupyercs xjopoduiuioM. B GeH3nHOBOM ciioe pacTBOpeH
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KapoTuH. B KoHIIe paboThI 3aprCcOBaTh KAPTUHY pa3eNeHHs TMTMEHTOB
MOCJIe OMBUICHUS XJIOpOUILIA.

JeiicTBHe KMCJIOT HA XJ10po(puiI. ATOM Martusi CpaBHUTEIBHO
ciabo ynep:kuBaercs B HOPGUPHUHOBOM siipe XJIOpodusuia U Mpu OCTO-
POXXHOM BO3JICMCTBUU CHJIBHBIX KHCJOT JIETKO 3aMEINAeTCsl  JIBYMS
MPOTOHaMHU ¢ 0Opa3oBaHueM GeoduTHHA_ OypOTOo IBETA:

COOCzH3g COONa
/ /
MgNOH30C3, + 2HCIl— NOH30Cs, + MgCl,
\ \
COOCH3 COONa

CrnenoBarenbHO, IBET XJIOPOGUILIOB OOYCIOBIEH METaIoopra-
HUYECKOU CBS3BIO B UX MOJIEKYJIaX.

Xoa padoTsl: B 1Be nmpoOupku HaMWTh MO 2—3 MJI CIIUPTOBOTO
pacTBOopa NUIMEHTOB U MPUOaBUTH 1O OAHON-ABE Kamuu 10%-HO# co-
JSTHOM KMCJOTHI. 3eJieHas OKpacka pacTBOpa MepexoauT B Oypyro, Tak
Kak oOpazoBaicsa ¢peodurun. OxHy TPOOUPKY OCTABUTH UIsi KOHTPOJIS,
BO BTOPYIO BHECTH HEOOJIBLIONW KPUCTAJUIMK YKCYCHOKUCIION Menu u
HarpeTb pacTBOp Ha BOJSIHON OaHe 10 KumneHwus. Bypelil nBeT pacTBopa
M3MEHUTCS Ha 3€JIeHBIH, TaKk KaK MpOM301LI0 0Opa3oBaHue XJopodui-

JIHpOH?»BOI[HOFO MCION:
COOCyH39
/
CuN4OHaocs2
\
COOCH;3;

B koHme paboThl 3apucoBaTh KapTHUHY pa3/esieHUs] MMATMEHTOB
nocje oMblIeHHs Xjopoduinia. B 3akiroueHne He06X0IMMO 0OBSICHUTD
M3MEHEHHE OKPACKHU.

Matepuaibl u odopynoBanue. Cyxue UM CBEXUE JIUCTbS, 3TH-
noBelt criupt. OensuH, 20% pactBop NaOH, 10% pactBop cosstHOM
kucaotel. Ctynka ¢apdopoas, mpodupka, BOPOHKA, CIIUPTOBKA, OIOKC
C KPBILIKOM, BOAsIHAsI OaHs, HOXKHUIIBI, GHIIBTPOBaJIbHAS Oymara.

Pabora 2. Onpenesnenne cogep:KkaHusi IUTMEHTOB B JIMCThAX
MeTO00M OyMasKHOIi XpoMoTorpaduu
Meroa OCHOBaH Ha pacHpeeIeHUN IMTMEHTOB MEXAY LEJUTI0II0-
300 XxpoMoTorpaduueckoit Oymaru u noaBMKHOU (a3oif — pacTBopUTe-
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1. Korza mo 6ymare mon AeiicTBUEM KamWJUIAPHBIX CHJI IBUXKYTCS pac-
TBOPUTEIIN, MOJIEKYJIbl IMTMEHTOB, HAHECEHHBIE Ha Oymary, pacrpene-
JSI0TCS MEXAY (ha3aMu B COOTBETCTBHH C KOIPPUIIMEHTOM pacmpese-
neHus. YeMm BbIlIE pPaCTBOPUMOCTh IMIMEHTA B MOABHKHOU (hase, TeM
JaJpllle OH IPOABUIAETCS IO OyMare BMECTE€ C pPacTBOPUTEIEM, U
HaoOopoT (puc.l).

Xon pa0otsl. J{1s nonydeHus BhITSKKA NUrMeHTOB S00r MsKoTH
nucta (0e3 KPYIHBIX KUJIIOK) OBICTPO M3MENIbUalOT HOXHUIIAMU U TIIa-
TEJIBHO PAacTHPAIOT B (apPopoBOil CTYNKE C YUCTHIM KBApIEBBIM IEC-
KoM, n00aBuB Ha KoHIe ckanbrens CaCO3 mis HeWTpaau3aluu Kiie-
TOYHOI'O COKa. 3aTEM IPUIUBAIOT 3-4 MJI allE€TOHA C STUJIOBBIM CIIMPTOM
(3:1) u IPOAOIKAIOT pacTHPaTh BMECTE C PACTBOPUTEISIMU. DKCTPAKT
CIIMBAIOT IO MaJOYKe B BOPOHKY CO CTEKISIHHBIM (uiabTpoM Ne2, co-
eIMHEHHYIO ¢ Koi10oii byH3eHa T orcacbiBatoT Hacocom KamoBckoro.

K ocraBmieiics B cTynke macce mpwinBaloT 3-4 MJI CMECH pac-
TBOpUTEJIEH U MPOJOJKAIOT PACTUPATh, KHUJIKOCTb CIMBAIOT B BOPOHKY
U OTCAChIBAIOT. DTy ONEpALUIO MPOBOJAT 1O MOJHOIO U3BJICUEHUS 3€-
JICHbIX NMUI'MEHTOB U3 pacTtepToil Macchl. [locie 3Toro 3kcTpakT KoJu-
YECTBEHHO MEPEHOCAT B MEPHYIO KOJIOOYKY Ha 25 MII M IOJIUBAIOT CMe-
CbIO pacTBOpUTeNel 10 METKU. I1oaydeHHy0 BBITSDKKY UTMEHTOB HC-
MIOJIB3YIOT Il ONPEEIICHUS M MEHTOB.

Ha nuct xpomororpaduyeckoit 6ymaru (13x13 cm) orcTynus ot
Kpas Ha 2.5 ¢M HAHOCAT NUMNETKOW 1-2MJ aleTOHOBO-CIIUPTOBON BBI-
TSOKKM MTUTMEHTOB B BUJE Y3KOH mojocku. HaHOCAT BBITSKKY B He-
CKOJIbKO IpreMoB. Kax1yro mocienyronyro MOpLUUI0 HAHOCST TOJIBKO
rocJie MOACYIUIMBaHU B TOKE BO3/1yXa oT BeHTWisATOpa. [lociie Hanece-
HUS BBITSDKKA XPOMOTOTPAaMMY CBEPTHIBAIOT B IHMJIMHIP U COCAHHSIOT
€€ YroJIKu CKpenkou. [{unuHap nomemaror B Kamepy, Ha JHO KOTOPOH
npenBapuTenbHo cTaBaT yawky [lerpu ¢ 10-15 M pactBopureneit 6ex-
3onrtmierposieitbiit a¢up (2:1). [lpu oTcyrcTBUM meTposeiiHoro 3¢gupa
BO3MOXXHO HCIOJb30BaHuE OeH3nHa. Kamepy repMeTHdyHO 3aKpbIBaloT
CTEKJIOM U CTaBAT B TEMHBIN IIKad.

Pa3znenenrie MUrMeHTOB MPOMCXOAUT BOCXOISALIMM TOKOM CMECH
pactBoputeneil. Kak TOJBKO MUTMEHTHI OTIENSAIOT JIpYr OT Apyra, Oy-
Mary BBIHUMAIOT M3 KaMmephbl, MOJICYIIMBAIOT U HOKHULIAMHU BBIPE3alOT
IIOJIOCKU C COOTBETCTBYIOLIUMH MUTMEHTAMMU:
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KapomuH
Kcanmodghunn

Xnopogunn «a»
xaopoghunn «e»
Puc.1l. Bux xpomaTorpamMmel ¢ pa3jieJIeHHBIMH MUTMEHTAMH

Kaxnyro nmonocky paspes3aroT Ha MEJIKME KYCKU U ITOMEIIAI0T UX B
OIOKC JUIsl DIIIOUPOBAHUS MUTMEHTA. JIJIs ’TOr0 KyCOYKHM 3aJMBaOT alle-
TOHOM, BCTPSIXUBAIOT COACPKUMOE OIOKCa M PAaCTBOP MEPEHOCST B MHUK-
HoMmeTpsl Ha 10 mi. 3arem 0ObeM 3ar0aTa AOBOIAT A0 oOobema 10 M u
OTIPE/CIISAIOT B HEM KOHIICHTPAIMIO MMUTMEHTA Ha ()OTOAICKTPOKOIOPH-
MeTpe.

Marepuanbl U 000py10BaHHE: JIUCThS PAaCTCHUH; all€TOH; JTHU-
noBeIil ciupt; CaCOg; KBapLEBBIM MECOK; BEChl; HOXKHULI; CTYIKH C
necTukamMu; kosobl byH3eHa; crexisiHHble QUiIbTpbl Ne2; MUIMHIPHL ©
KPBIIIKONH WM KOPKOBOM MpoOKoif; XxpoMoTarpoduueckas Oymara;
Hacoc KamoBckoro; hoTo3IeKTPOKOIOPUMETD.

Padora 3. Onpenenenne HHTEHCUBHOCTH (poTOCHHTE32
no norsiomenuro CO2 B TOke BO3ayxa

[Ipn u3ydeHun MHTEHCUBHOCTU (POTOCHMHTE3a Hauboisiee pacrpo-
CTPAHEHHBIMH SIBJIIIOTCS METOJIbI, IIPU MOMOIIM KOTOPBIX YYHUTBHIBAIOT
yObUIb YI€poAa U3 BO3AYLUIHOTO MPOCTPAHCTBA, B KOTOPOE 3aKIIOUEHO
pactenue. IIpu Hepenko yunThIBaeTCsl yObUIb YITIEKHUCIIOTO ra3a B TOKe
BO3/lyXa MPOXOJSIIEro CKBO3b KaMephl C 3aKJIIOYEHHBIM B HEE JIHCTOM,
HE OTJEJICHHBIM OT PacTEHHMs, UM K€ LeabIM pacTeHueM. IIpoiins ka-
Mepy, BO3AYyX MOCTYNaeT B IMOTJOTUTENb C PacTBOpoM Oapura, Ile U
YJIaBJIMBAETCSl HEACCUMUIMPOBAHHBIM JIMCTOM YIJIEKHMCIIBIN ras:

[TapannensHO TPOBOASIT KOHTPOJIBHOE OMNpEIETeHUE, T.€. TaKOU
&Ke 00beM BO3Jyxa IpocachlBaeT uepe3 Kamepy 0e3 JHcTa U COOTBET-
CTBYIOIIMN MOTJIOTUTENb. 3aT€M MO Pa3HOCTU MEXKJY ONBITHBIM M KOH-
TPOJILHBIM ONPEEIIEHUAMU HaXOAAT KOJMYECTBO MOMVIOIEHHOH JINCTOM
YTJIEKUCIIOTHI.

Ba(OH)2 + CO2 -BaCOs + H20
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Ba(OH); + H2C204 »BaC204 + 2H20

[Ipubop cocrout U3 nucToBOM Kamepsl, morymotutenas CO2 u ac-
MUpaTOpa, CIYXKAIIEro JJIsl MPOocachlBaHUSI TOUHOTO 00beMa BO3/yXa.

Xox padoTbl. ACUpaTOp HAMOJHSIOT BOJAOW J0 BEPXHETO Jielie-
HUS BOJIOMEPHOU TPYOKH, TUIOTHO 3aKPBIBAIOT MPOOKON M MPUCOCIUH SI-
10T K KaXXI0My U3 HUX KOPOTKYIO OTBOJHYIO MOTJIOTUTENSI COSIUHSIOT C
JIMCTOBOM KaMepoil. 3aTeM COEIMHUTENbHBIE IIJAHTH 3aKUMAIOT BHH-
TOBBIMH 32KUMaMH. B oHy Kamepy BBOJAT JIUCT, HE OTHEINAS €ro OT
pacTeHHsi, BTOPYIO KaMepy OCTABIISIOT 0€3 JIMCTa, HO TOMEHIAIOT PSAOM
C IEPBOH Ha TOH, )K€ BBICOTE.

menuio CO2 B Toke Bo3ayxa: 1 — acnuparop; 2 — norJioTurenb; 3 —
Kamepa.

[Tocne c6opku mpubopa B KaxAbli MOTJIOTUTENbh HAIKUBAIOT 10 50
M 0.1 H pacTBopa 6aputa U OBICTPO 3aKPHIBAIOT MPOOKOM. 3aTeM Mpu-
00p BKITIOYAIOT B CIEAYIOIIEH MOCIEI0BATENBHOCTH: CHAYala 0CBOOOXK-
JAFOT 32)KMMBI Ha COSJIMHHUTEIBHBIX MUTAHTaX W, OTMETUB BPEMsl, OCTO-
POKHO OTKPBIBAIOT 32KUMBI Ha CITYCKHBIX TPYyOKaxX acIiUpaTopoOB.

C moMomIpI0 HIKHUX 32KMMOB JTOOMBAIOTCS OJMHAKOBOW CKOPO-
CTH MPOCACHIBAaHUS BO3/1yXa Yepe3 ONMBITHBIN U KOHTPOIBHBINA TPUOOPHI.

3a CKOPOCTBIO WICTEUCHHUS BOJBI CICAST B TPOIOKCHHUH BCETO
ombITa. JInmurensHocTh dKcno3uiinu 20 MuH. [lo okoHYaHUU ombITa 3a-
KPBIBAIOT 32)KUMBI, @ U3 OTPabOTAHHOTO OapuTa C MOMOIIBIO MEPHOTO
nurHapa 0epyT 10 MJ, U TepeHOCIT B KOHMYECKYIO KOMOOYKY, MpH-
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6aBmstoT 2 Karm (enondranenHa U ortuTpoBsiBatoT 0.1 H mIaBeneBoi
KHCJIOTOM 10 c1ab0-po30BOM OKpAaCKH, MCYE3alomeld OT OJHOW Karuin
KHCJIOTHI.

WuteHcuBHOCTH (POTOCHHTE3A HAXOAT 1O HOPMYJIE:

lp = (a-6) x K x2.2 XV x 100 x 60 =me CO; x om?luac,
v xS xt

rae V- o0muii 00beM pacTBopa 6apuTa B MOTJIOTUTENb, MIT;
V - 00beM pacTBopa 6apuTa, B3SITOTO ISt THATPOBAHUS, MJT;
a - koyinuecTBO MUUTUIUTPOB 0.1 H 11aBeNIeBON KUCIIOTHI, U3-
PacxoJJ0BaHHOE Ha TUTPOBAHKE OIBITHOTO PAcTBOPA;
B - KOJIM4ecTBO MIULTIIATPOB 0.1 H IIaBeNeBOM KUCIOTHI, U3-
pPacxoJI0BaHHOE Ha TUTPOBAHHE KOHTPOJIBHOT'O PACTBOPA;
2.2 - xomyectBo Mr CO2, coorBercTBYIOMIee 1 Mt TouHo 0.1 H
IIaBEJICBOM KUCIIOTHI;
S - mwIoMmAAb IUCTA, CM;
t - IPOJOIKUTENILHOCTD OMBITA, MUH.
[TomrydeHHBIC Pe3yabTAThI 3AMMMCHIBAIOT B TAOIUILY:

BapuanT omnbita B3sto Ba(OH),, M [Toruto Ilmo- | UuTen-
= B mormo- | Jnst tur- | HoC2O4, | wags | CUBHOCTH
5 TUTETb poBaHHs | MI nwcra, | POTOCHH-
S M? Te3a,
© mr/mv?B 1y
Kamepa c nmuctom
Kamepa 6e3 nucta

Matepuanbl u o6opyaoBanue: Pacrenue (repanb u ap.) npudop
JUTst omipeniesieHust porocuHTe3a (Kamepa, MorJIoTUTeNb, acuparop); 0.1
H pactBop Ba(OH)2; 0.1 H pacTBOp HIaBeneBOi KHUCIOTHI ¢ OIOPETKOIL;
¢deHondranenH B KaneiabHUIlE; /Ba HWIMHIApa HAa 50 MII; KOHUYECKHE
KOJIOOUKHU.

Padora 4. O6Hapy:xenune poTOCMHTE32 METOAOM
KpaxMaJIbHOM MPOObI
Haubonee mpocTbIM METOJOM OOHapyXeHHs (OTOCHHTE3a SBIIS-
eTcsl KpaxMaibHas npoba. IIpu 3TOM JUCT, BBIIEp)KaHHBIM Ha CBETY,
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o0ecIBeYnBaeTCs CIIUPTOM, a 3aTeM 00pabaThIBalOT pacTBOpPOM Hoja,
OKpAILIUBAIOLIETO 00pa30BABIIMICS B XJIOPOIJIACTaX KpaxMai B TEMHO-
CUHHI 1BET.

Jliia HabmosieHus 3a IMpolreccoM 00pa3oBaHUs MEPBUYHOIO Kpax-
Majia He0OX0MMO, YTOOBI B HAYaJIe OIBITA JINCThS HE COACPIKAIU ITOTO
BEILIECTBA, JUJISl YETO UX BBLICPKUBAIOT B TEMHOTE B TEUEHHUE HECKOJIb-
KUX JHEH. 3a 3TO BpeMs BeChb UMEBIIMICS B JIMCThSIX KpaxMal MpeBpa-
TUTCSL B caxapa, KOTOpbIe YaCTHYHO OYAYT OTBEAEHHI B cTedelnb, a 4a-
CTUYHO U3PACXOJ0BaHbI HA JAbIXaHUE KIIETOK JucTa (puc. 1).

m 'h—‘L

PacToop
noaa

Puc.1. Oonapy:xenue ¢poTOCHHTE3a METOIOM KPAXMAJIbHOI MPOOBI

Xoa padotsl. bepyr 3eneHoe pacteHue (repaHb U Jp.), OOUIBHO
MOJIMBAIOT €r0 U CTAaBAT B TEMHOE TEIIOE MECTO JIMOO 3aTEHSIOT OAMH
WM HECKOJIBKO JIMCThEB, HE 00pe3as ux oT pacreHus. [Ipu BeiaepxuBa-
HUM B TEMHOTE JIUCThS MOCTENEHHO TEPSAIOT KpaxMmall Ha JAbIXaHUE, POCT
U YaCTUYHBIA OTTOK B JIpyrue oprasbl pacteHuil. Uepe3 2-3 nHsa oT-
JeTIbHbIE YYAaCTKU JIUCTHEB MOKPBIBAIOT C HUKHEH U BEepXHEU CTOPOHBI
HEMPO3PAaYHBIM IKPaHOM (IJIi 4erO0 MOTYT CIYXXHTh TEMHas IUIOTHAS
Oymara, onbra, mpoOKOBBIE) C BBIPE3aHHBIMH HA HEM Pa3InYHbIMH (PU-
rypamu. JlJiss TpUKpETUICHHsI DKpaHa K JIUCTY MOXHO YIIOTPEOHTh Tpo-
BOJIOUHBIE cKpemnbl. [locne 3Toro aucTes (WM pacTeHHE) BBICTABIAIOT
Ha SPKUN COJIHEYHBIH WM 3JIEKTPUYECKHI CBET ( MpPHU HCIOJIb30BAHUU
namibl HakanuBanus 200-300 Br).

Yepes 2 yaca (wnim Oojee) JIUCT KIaayT B MPOOUPKY, 3aIUBAIOT
BOJIOM M KUMATAT B TedeHue 2-3 muHyT. [locne kumsdyeHus Boay Ciu-
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BAaIOT, NMPUJIMBAIOT B MPOOUPKY CHUPT M KUIIATAT 0 MOJHOTO M3BJIEYe-
Hus xjopoduiia (Jiuct cranetr OenbiM). HarpeBarh ciiemyeT ocTOpoX-
HO, TaK KaK Mpu OypHOM KUTISTYEHUH MOXKET IPOU30HTH BHIIIICCKUBAHUE
CIIHPTA U3 TPOOUPKHU.

[Tocne 3TOrO CUPT CIMBAIOT, Pa3MATYAOT JIUCT, HATUBAsI HA HETO
HEeOOJIBIIIOE KOJIMYECTBO BOABI (TIOCIE JCUCTBHUS CIHpPTA TKAaHH CTaHO-
BATCS XPYIKUMH). 3aTeM JIUCT IepeHocAT B yamky llerpu u o6padarsi-
BalOT PaCTBOPOM HOJa.

3anuceIBaOT PE3YIbTAThI OIIbITA, OTMCYAasl, B KaKUX YaCTAX JIUCTa
o0pa3oBayicsi KpaxMail, W BBINOJHSAIOT COOTBETCTBYIOIIUE PUCYHKH. B
BBIBOJIaX YKA3bIBAIOT, KAKUE YCIOBUS HEOOXOIMUMBI s mporecca ¢o-
TOCHHTE3a.

Martepuanabl u 000py10BaHHE: PACTCHHE, BBIACPKAHHOE B TEM-
HOTE; CIUPT; JIIOT0JIb, CIIUPTOBKA, MPOOHpKa, yamika [leTpu, mioTHbIi
KapTOH HUJIN (1)OJII)Fa, IIPOBOJIOYHBIC CKPEIIbI, CITMYKH.

Pabora S. Onpenenenune porocuHTe3a 10 M3MEHEHHIO
Co/lep KaHus YIJIepoaa B JUcThAX pacrennii mo (®.3.bopoxyannoii)

[Tpu ¢orocuHTE3e pacTEHUSIMH TIOTJIOMIACTCS YTICKUCIBIA Ta3 |
YIJIEpOJ, COAEPIKAIIMNICSA B €r0 COCTaBe, BOCCTAHABIMBACTCSA U aKKyMY-
JupyeTcsi B 00pa3yeMbIX OpraHMYeckux BemiecTBax. [loaTomy 1o
HAKOIJICHUIO YIJIepoJa OPraHMYecKOro BEIEeCTBA MOXKHO CYIUTh 00
WHTEHCUBHOCTH (JOTOCUHTE3A.

VY4er comepxkaHus yriiepos OpraHudecKoro BEIIECTBA BBIIIOJIHUTH
CIIEYIOIUM 00pa3oM: M3 JIMCTHEB COOTBETCTBYIOUIETO sipyca MpoOoy-
HBIM CBEPJIOM BBICEKAIOT JUCKU ONPEAEIICHHON IUIOMAAN U B HUX OIpe-
NeNAI0T UCXO/AHOE coJepkaHue yriepona. Yepes 2-3 yaca U3 3TUX XKe
JMCTBEB OEPYT TAKOE K€ YMCIIO JUCKOB JUIsl BTOPUYHOTO OIpeIeIeHUs
yraepoaa. [lo pazHocTu MeXIy cofepaHHEM B KOHIIE U Hayalle ObITa
pPacCUMTBIBAIOT COJAEP)KAHME YIVIEpOJa Ha €IMHHUILY JIMCTOBOM MOBEpPX-
HOCTH B €IMHUIY BPEMCHH.

VYrinepos OopraHMYeCKHUX BELIECTB YUUTBHIBAIOT METOJIOM MOKpPOIO
COKUTaHUS, IPU 3TOM yriaepon okucnsercsa 0.4 H pacTBopoMm Ouxpomara
KaJIHsl B IPUCYTCTBUU CEPHOM KUCIIOTHI:

2K2CrO7 + 8H2S04 + 3C— 2K2S04 + 2Cr2(SO4)3 + 3H20 + 3CO2
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N36pITOYHOE KOTUYECTBO OMXpoMaTta Kajius, He UCTIOIb30BAHHOE
Ha OKHCJICHHE OPTaHNYECKOe BEIECTBA, OOpaTHBIM THTpoBaHueM 0.2 H
pactBopoM coau Mopa:

K2CrO7 +6FeSO4 + 7H2S04—>Cr2(SO4)3 + 3Fe2(S04)3 + K2SO4 +H20

B kauectBe MHIMKaTOpa MPUMEHSIOT NU(EHUIAMHUH, KOTOPHIA B
BOCCTaHOBJICHHOW (popme OeciBeTeH, a MpU OKUCICHHH MpuoOpeTaer
cuHe-(pHroIeToByI0 oKpacKy. Ilyrem ompeneneHus conep:kanus yriiepo-
7a B JIMCTBSAX Yepe3 OIpelleIeHHbIE WHTEPBAIbl BpPEMEHH, BO3MOXKHO,
BBISIBJICHHE XapaKTepa JHEBHOTO X0/1a (POTOCHHTE3a U €ro 3aBUCUMOCTH
OT YCJIOBUI MUHEPAJIbHOTO MMUTAHMSI, OCBELICHHUS, YBIKHEHUS U JP.

Xoa pa6orsel. M3 nucTta onpeneneHHoro sipyca CBEpIOM BbIpE3a-
0T JUCKM OOmIell Mmomansio 3 cM? M MOMEMAIOT UX B KOHHYECKYIO
K0J10y Ha 25 M1, B KOTOpYIO U3 OropeTKu 3apanee HanuBaroT 10mi 0.4 H
pactBopa K>CrOz7. PactBop ciiabo KUNISTAT B TEYCHHE 5 MUH Ha DJICK-
TPOILTUTKE, OXJIAXK/IAI0T U NepeHocat B kondy Ha 250miu. K oxmnaxen-
HOMY pacTBOpy npuwiuBatroT 150 M AUCTUIUIMPOBAHHOM BOABI, 3 MII
85%-o0ii optodocdopHoii kucnoTel U 10 kanens audenunamuna. Co-
JEPKUMOE KOJIObI B30AITHIBAIOT U OTTUTPOBBIBAIOT (.2H pacTBOPOM CO-
a1 Mopa. [Ipu 3ToM CHHSISL OKpacka NepexoauT B Oypyro, U MPOoiIKa-
10T TUTPOBAHUE JI0 TOSABJIEHUS 3€J€HON OKpacku. OJHOBPEMEHHO Ipo-
BOJAT KOHTPOJbHOE omnpezeneHue (0e3 pacTUTENBHOrO MaTepuana),
THIATEJIBLHO COOJII0/1asl BCE YKAa3aHHbBIE BBIILE ONEpaIiH.

KonnyecTBo Mr yriepoja opraHMuecKoro BEUIeCTBa, CoepKalie-
rocsi B 11M? TUCTOBO# TIOBEPXHOCTH, PACCUUTHIBAIOT IO (OPMYIE:

(@a—b) x K x 0.6 x 100

rJie @ — KOJIMYECTBO MIILTHIMTPOB oM Mopa, u3pacxogoBaHHOE
Ha TUTPOBAHHE KOHTPOJIBHOTO PACTBOPA;

B — KOJIMYECTBO MUWJUIHIMTPOB coii Mopa, momie/iiee Ha THTPO-
BaHHE OMBITHOTO PACTBOPA;

K — nonpaBka k TuTpy pactBopa conu Mopa;

0,6 — MmIMrpaMMBl yTIIEpOaa, COOTBETCTBYIOIIME | MJI TOYHO
0,2 H pactBopa conu Mopa;
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S — momaak BeICEYEK, CM2 .

[To pa3Hoctu comepkanus yriepoja B 1 1M2 JIHCTOBOM MOBEPX-
HOCTH JI0 ¥ MIOCJI€ OTBITHOM SKCHO3UIIMU ONPEACISIOT €ro COAepKaHue
Ha OMNBITHOE BpeMsA. MHTEHCHUBHOCTH (POTOCHMHTE3a PACCUUTHIBAIOT IO
YBEIIMYCHUIO WM YMEHBIICHUIO cofepxaHus yriaepona B mr CO2/nm2
yac. BBuny Toro, 4To coaep;kaHue yriepoja Tak ke, Kak U CyXoro Be-
IIECTBA B JIUCTHAX PA3HBIX APYCOB, PA3IMYHO, KeJIATeIbHO MPOIENaTh
OTIpe/IeNICHUS €r0 UCXOAHOTO U KOHEYHOI'O CO/ICP)KaHUS Ha OJHUX U TeX
xe TUCThsX. [[ist aToro mc- 62 XoaHyr npody (HeCKOIbKO AUCKOB) Oe-
PYT C OJTHOM MOJIOBUHKH JIUCTA, @ IO OKOHYAHUH ONBITHON 3KCIO3ULIUN
CUMMETPUYHO PACTIOJI0KEHHBIE JUCKH — C APYrol MOJOBUHKH.

Martepuanbl u odopyaoBanue: Pactenus; KOHUYECKHE KOJIOBI Ha
250 mn; Gropetku; 0,4 H pacTBop Ouxpomara Kaius (B pa30aBiIeHHON
cepHoii kucnore 1:1); BopoHku; MepHbId muuHap Ha 100 mur; 0,2 H
pactBop cont Mopa; mudenunamun; 85%—Has oprodochopHas KUCIO-
Ta; MpoOoYHOE cBepIio nuaMeTpoM 5—10 mm

Pa6ora 6. HaG.mronenne dguiyopecueHnuu xJjopoguiuia

dyopecueHIus XJao0poguiia — UCIyCKaHUue BO30YKICHHOM MO-
JIEKyNoil xyopoduisia cBeTa ¢ JJMHON BOJHBI, OONBIICH, YeM UIMHA
BOJIHBI CBETa, BO30yauBIIero ¢uryopecieHiuio. diayopecieHiys ooHa-
pY>KUBaeTCs MO KpacHOMY I[BETY pacTBopa xjopoduiuia, paccMaTpuBa-
€MOT0 B OTPaXEHHOM CBeTe Ha TeMHOM (one. BozOyxmaromnuit dhiyo-
PECIICHIIMIO CBET 3HAYUTENbHO WHTEHCHUBHEE CBETa (IyOPECICHIIHH.
[TosToMy pacTBOp XJIOPOGMUIIIOB BBITJSIUT 3€J€HBIM. B oTpakeHHOM
CBETE B IJIa3 HAOMIOAaTeNs MoMnagaeT 3HAYUTeNIbHO MEHBIIIE BO30YyXIa-
1o1Iero (IIyOpECUEHIINIO CBETA, IO3TOMY CTAaHOBUTCS BHIIHA cama Qury-
opecuenmus (puc. 1).

HezaBucuMo OT AMWHBI BOJHBI BO30YKIAIOIIErO CBETa XJIOPO(UILT
(dyopecupyeT TOJbKO KPAacHBIM CBETOM. B KMBOM JIMCTE OCHOBHBIM
(bayopecuupyoImM MUTMEHTOM sBJsieTcst xyopoduin a. [Ipu aTom B
TUCTBAX (IIyOpECHeHIHs BBIpaKEHA ropas3io ciadee, YeM B pacTBOPE,
Tak 32 KaK 4acTh MOTJIOUICHHOW HEPTUU HCIIONb3yeTCs Ha CEHCHOMITH-
3upoBaHne (POTOXMMHUYECKUX peakiuii. [loaTomy Bo3pacTaHne WHTEH-
CUBHOCTU ()OTOCHHTE3a, KaK MPaBUJIO, BIEYET 3a cO0O0M ocrabiieHue
(bayopecieHIun.
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Puc. 1. DkcrpakT xjmopodwiia B CIUPTE OCBEIIEHHBIN OCIBIM
CBETOM (CBEpXY) M yIbTPapHOIETOM, BHI3BIBAIOIINM €ro (hIyopecieH-
U0 (CHU3Y).

Hean pabdoTbi: HaOMIO1aTH DIYOPECIEHITNIO XTI0poduUIIa.

Xox padoThl. BEITSHKKY MUTMEHTOB TEMHO-3€JIEHOTO 1IBETa HajehTe
B LIMJIMHJAP U MOMECTUTE HA YEPHBIM (POH, OCBETUTE CHUIIBLHOW JIAMIIOH,
PacCMOTPUTE B OTPAXKEHHOM CBETE. 3alUIINTE, KAKOW LIBET UMEET BbI-
Tsokka. OOBSICHUTE HAOI01aeMYIO0 OKPACKY.

Marepuansl u oOopynoBanme. CriupToBasi KOHUEHTPUPOBAHHAs
BBITSDKKA TUTMEHTOB, NWIUHAP Ha 10 cm3, yepHas Oymara, HacTOJIbHAs
JaMmra.
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Tema 3. IBIXAHUE PACTEHHH

/lvixanue — 3TO OKUCIUTEIIBHO-BOCCTAHOBUTEIBHBIN IpoOLIECC, TPU
KOTOPOM MPOMCXOAUT pachaj CIOXKHBIX OpPraHUYECKUX COEIMHEHHUH, B
IIEPBYI0 O4YEpe]b YIIEBOJOB, A0 IMPOCTEHIIMX KOHEUYHBIX IMPOAYKTOB
YIIIEKUCIIOTH U BOJIBI C BBIICJICHUEM CBOOOHOM HEPruM B BUAE TEIUIA.
B pesynbTaTe pactenue nosydaer cBoO0oHYI0 3HEepruto AT®. kotopas
HE00XoAuMa IS AKU3HEHHBIX MPOIIECCOB, MPOUCXOISIINX B PACTCHHUSX.
JlpIxaHue pacTeHUH MOYKHO BBIPA3UTh TAKOW CyMMapHOU (pOpMYIIOH:

CsH1206 + 602 —56CO2 + 6H20 + 686 Kk

[Ipu npixaHWM B KJIETKaX PacTEHU 0Opa3yroTCs pa3iUdHBIC Op-
raHMYeCKHe BEIIeCTBa, KOTOPbIE MCIONB3YIOTCA JUIsl CUHTE3a Heo0Xo-
IMMBIX PACTEHHIO OEITKOB, HYKJIIEMHOBBIX KHCIIOT, )KHPOB, YTJIEBOJIOB U
IPYTUX JKU3HEHHO Ba)XXHBIX coenuHeHui. Takum 00pazom MpoLecChl,
CBSI3aHHBIE C JIBIXAaHUEM, HAXOJSATCs B LIEGHTpE 0OMEHa BEILECTB U DHEP-
T'UU, IOCTOSIHHO MPOUCXOISAILIETO B )KUBBIX PACTUTEIbHBIX KIETKaX.

JlpixaHue mpencTaBiseT co0O0M 1eMb XUMHYECKUX PEaKIUl, CBSI-
3aHHBIX C (YHKIHOHUpOBaHUEM creuuduueckux ¢pepmeHToB. Crox-
HbIE OpTaHWYECKHE BEUIECTBA, PACXOAyeMble Ha JbIXaHUe (OeNKH, Ku-
pBL, KpaxMan u Jp.) TOJABEPraloTcs ACTONMMEpU3aluU T.e. TpeTepre-
BalOT OKHCIMUTENBHBIM pacmaj A0 MPOCTHIX caxapoB. AKTHUBHPOBaHHbBIE
caxapa pacIIeIUISIOTCS MpU aHa’POOHBIX YCIOBHSX JO JETKOOKHUCIse-
MBIX coeIMHEeHUH Tuna nupoBuHorpaanoi kuciaorsl (CH3COCOOH).
HManprelimue npespamienus [IBK 3aBucaT ot ycinoBuii, UMEOIINXCS B
KJIETKE, ¥ TIPEeXKJIe BCEro OT HAIMYUS B HEHl Kuciopozaa

B aspobubix ycioBusix ot monekynsl [IBK otHuMaercs Bogopos
(merupporeHuzanus), KOTOPbI Yepe3 JbIXaTeJbHYIO 1LIEeNb MepenaeTcs
kucinopony. Ilapannensno monekyna I[IBK nmoasepraercs crynenvaro-
My JeKapOOKCHMIMPOBAHUIO, B PE3yJbTaTe YEero BHICBOOOXKIAIOTCA TpU
MOJIEKYJIbI YTIAEKUCTOro ra3a. OKHUCIUTEIbHO-BOCCTAHOBUTENIbHBIE pe-
aKlMU TepeHoca BOJOPOAa MO AbIXaTEeIbHOW IIENH COMPOBOKIAIOTCS
BBICBOOOXK/IEHUEM DHEPTUH, 4YacTh KOTOpoi wuaer Ha cuHre3 ATD
(oxucnuTenbHOe (hochoprIHpoOBaHUE).

NHTEeHCUBHOCTD NIbIXaHUSI — ITO HamOojee OOIIMid MOKa3aTenhb
CKOPOCTH OKHCJIHMTENBHBIX peakiuil. O ee BeIMUYNHE MOXKHO CYIUTh 110
KOJIMYECTBY MOTJIOIIEHHOTO TKAaHbIO KUCIOPOJAA WM BBIIEJIEHHOIO YT-
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JICKHUCJIOIr'O rasa 3a C,Z[I/IHI/ILIy BpeMeHI/I. I/IHTCHCI/IBHOCTB AbIXaHUs 3aBU-
CUT OT I1eJoro psiaa ¢GakTopoB: OMOJOTHYECKHUX OCOOCHHOCTEH BHIA,
CTCTICHH €T0 CBETONIOOMS, (PU3HOIOTHYECKOTO COCTOSIHUS OTICIIBHBIX
TKaHEHW pacTeHHs, a TAKXKE OT TEMIIEpaTyphl, TA30BOr0 COCTaBa BO3AyXa,
COJIEp>KaHUsl BJIard, OCBEHMICHHOCTH u T.A. CiemoBaTellbHO, CO37aBas
OIpe/ieJICHHBIC YCIOBHSI, MOKHO YIPABIAThH IMPOIECCOM JIBIXaHHUS C IIe-
JIbIO IOCTHIKCHUSI HAMBBICIICH NMPOYKTUBHOCTH C/X PACTCHHIA.

Padora 1. Onpenesenne NHTEHCUBHOCTH IbIXaHUA
npopacrammx ceMsiH no I'ogneBckomy

MeTto ocCHOBaH Ha OOHAPYKEHUU TOTJIOMICHUSI KUCIOPOAA U BBI-
JIeNIeHUsl YTJIEKUCIOro ra3a MpopacTalollMMU CEMEHaMHu B Ipoliecce
neixanus. [Ipu co3maHum 3aKPBITOTO MPOCTPAHCTBA C MPOPACTAOIIUMU
CEMEHAMHM, UMEIOIINICS KUCIOPO MCIOIb3YyeTCs CEMEHaMH Ha JibIXa-
HUE€ U B ciydae cBsi3bIBaHUs BhieasieMoro CO2 menoubo TPOUCXOaUT
yMeHbllleHne o0beMa Bo3ayxa. JlaHHbIM moka3aTenb CBUETENbCTBYET O
BenmunHe Bhiensiemoro COo.

Xon pabotsl. [Ipopactatomue cemena (50 r) BBICBHINAIOT B KOJIOY
bynsena (puc.l.) u Tyzna e CIHycKarOT CKISHOYKY C KPEIKHUM pacTBO-
pom KOH.

Puc. 1 Kos6a byn3ena ¢ cemenamu
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I'opno konOBI 3aKpHIBAIOT MATKOM pPE3WHOBON MpOOKON H IS
JTydiield TepPMETHYHOCTH 3aJIMBAalOT napaduHoM. ['paaynpoBaHHYIO ITH-
METKY COSAUHSIIOT C MTOMOIIBIO0 PE3NHOBON TPYOOUKH C HOCUKOM KOJIOBI.

[Ipubop ycraHaBIMBAIOT Ha IITATHUB TaK, YTOOBI KOHEI[ MUIMETKU
OMYCTUTb B CTAKAHYMK C OKPAIIEHHOW BOJIOM.

B mpotiecce npIxaHus mpopocuIne ceMeHa MOTJIOUIal0T KUCIOPOT
13 BO3yXa. 3aMKHYTOTO B KoJiOe U mUneTke. B To ke Bpems BbIAeIsie-
Mas cemeHamu CO2 nornomiaercst pactsopom KOH.

B pesynbTare yMeHbIIEHUS ABICHUS BO3JyXa BHYTPH KOJIOBI U
MUIETKN OKpallleHHasl BOJa U3 CTaKaHYMKa MOJHUMAETCS IO IMHIIETKE.
OtMmeuatoT BpeMs Hauajia mojbeMa Boja B MUIETKE U ee ypoBeHb. [la-
Jee yepes Kaxaple 15 MUHYT He MeHee TpeX pas.

PeSYJ'IBTaTbI 3aIIMCBIBAIOT B Ta6J'II/II_[y:

OtcueTsl Bpewms orcuera 3a 15 MUH NOgHAIOCH B cpennem Bbiie-
MJI BOJIBI sunock mi COz
Hayauio KOHell | 1o oTcyeTaM B CpEJHEM
1.
2.
3.

MarepuaJjibl 4 000pyA0OBaHHe. TIPOPOCIINE ceMeHa, Koiba byH-
3€Ha, pe3nHOoBas NMpoOKa, MaJleHbKas CKISTHOYKa MM MpoOupouka, pe-
3MHOBasi TPyOKa, TpajlyipOBaHHAsl MUIETKA Ha 2 MJI, KPEIKUI pacTBOp
KOH, mnapadun, cTakaHuyMK, METUJIEHOBas CHUHBbKA. CTOJHUK-IITATHUB,
[[BETHBIE KapaH/alllH, JIUHEHKa.

PaGora 2. OnpenesieHre HHTEHCUBHOCTH AbIXaHUS CEeMSIH
B 3aKPBITOM COCY/Ie IPH Pa3JMYHBbIX TeMIIepaTypax
Merton 3akmouaercst B yuere koiauuectBa COz, BBIAECISIEMOTO Ce-
MeHaMu Tpu JsixaHuu. [Ipoiiecc mornomeHust TMOKCUaa yriepoaa Oa-
PUTOM MOJKHO 3aIHCaTh B BUJE CIEAYIOIIETO YPAaBHEHUSI:

Ba (OH)2 + CO2 - BaCO2 + H20
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N30bITOK Oaputa, He mpopearuposasiiero ¢ CO2, OTTHTPOBHI-
BaIOT IIaBEJIEBOU KUCIIOTOM:

Ba (OH); + H2C204 — BaC04 + 2H20

Xon padorbl. Ilpopocmume cemena nueHuns! (2r) noMeniaoT B
MapJeBblii MeloK. B 1Be koHMUYeckue KO0kl U3 OIOPETKH HAIMBAIOT 110
10mn 0.1 pactBopa Ba(OH)2 u 3akpeiBator ux npoOkamu. B ommy
KoJIOy, IIPUOTKPBIB €€, ObICTPO IMOJBEUIMBAIOT HA KPIOYOK MPOOUPKH
MEIIOYeK, IPYTyIo Koj0y UCIONb3YyIOT B KayecTBe KOHTposst. O6e Ko-
ObI BBIACP)KMBAIOT 1 yac pu KOMHATHOM TeMneparype (puc.l.).

ceMsiH B 3aKPBITOM cocy/e:
1 — pacmeop eudpoxcuoa 6apus Ba(OH)2; 2 — mapregviii meuio-
YeK ¢ ceMeHamu

B Teuenue ompiTa KOJIOBI MEPUOIUICCKH TTOKAYMBAIOT TSI pa3py-
IIeHWsl Ha ToBepxHOcTU Oaputa TuieHkn BaCOs, mpensTcTByromen
nostHOMY Torsomenuto COx.

UYepes luac moouepenHO U3 KOHTPOJIBHOW U OMBITHON KOJOBI BBI-
HUMAIOT TIPOOKH, T00aBISIOT 1m0 2-3 Kar ¢eHon(TaienHa 1 OTTUTPO-
BbBaloT Oaput 0.1H pacTBOpOM IIaBENEBOM KHCIOTHI 10 Ciado-
PO30BOr0 OKpallMBaHUs, NCYE3AIOIIECH OT OJJHOM Karlli KUCJIOTHI.
WHTEHCUBHOCTD JBIXaHHS PACCUUTHIBAIOT 1O opMyIie:
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(@a—b) xK x22
J = e me CO; 2/uac
N

rae au b — xomudectBo 0.1 pacTBOpa IIaBEICBOW KHUCIOTHI, U3-

pacxoJOBaHHON Ha TUTpOBaHHME  OapuTa, COOTBETCTBEHHO B

KOHTPOJIbHOM U OIBITHOM BapHaHTaXx, MJI;

K — nmonpaska k Tutpy 0.1 H pacTBOpa 11aBEICBOM KUCIOTHI;

2.2 — xomuyectBo CO2 mr, cooTBeTcTByromee 1 mut 0.1H pacTBopa

I[aBeJIEBON KUCIIOTHI,

N — Macca ceMsiH, T.

TapannensHo onpenenstor apixanue ceMsH npu 10° u 40° C. [l
onpeienenus apixanus cemsH npu 10 u 40°C crapaT B KpucTamIHM3aTO-
PBI C BOJIOM, T/ie OJACPKUBAIOTCS COOTBETCTBYIOIINE TEMIIEPATypHBIE
peXUMBI B TeueHue lyaca.

Pe3ynbTathl onbiTa 3aMuCHIBAIOT B TAOIUIIE:

Temmep.,| Hasecka O0nem KomnmuecTtBo maseneBoi HNHTEHCUBHOCTD
°C ceMsiH OapuTa, M KHCJIOTHI, MOLIE e Ha JIBIXaHUS,
TUTPOBAHUE, MIT mr CO; Ha
KOHTPOJIb OTIBIT Ircem.3a 1 u.
10
20
40

Ha ocHoBe moiy4eHHBIX pe3yibTaTOB CTPOAT rpa@UK 3aBUCHUMO-
CTH JIBIXaHUSI CEMSIH OT TEMIIEpPaTYpBl.

Marepuanbl U 000py/i0BaHHe. IPOPACTAOLIUE CEMEHA MIIEHU-
1el, 0.1H pacTBOp 1m1aBeneBoil KUCIOTHI, 1%-blii pacTBOp (enondranen-
Ha, BEChl C pa3HOBECaMH, KOHMYECKHEe KOJIObI Ha 250Mi1 ¢ mpoOkamu,
MapJIeBbIE MEILIOYKH.

PaGora 3. Onpenenenne MHTEHCMBHOCTH bIXaHUS
NPOPAcCTAaOIIMX CeMsIH B TOKe BO31yXa
Merton 3akitouaercs B yuere konuuectBa CO2, BBIIENSIEMOTO
ceMeHaMH NpH AbixaHuu. CeMeHa MoMemaT B IPUEMHHUK, Yepe3
KOTOpPBIN MPOITyCKaT BO3AYX, powmeaAmuni yepe3 nornotutens COz.
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Ba (OH); + CO2 - BaCO2 + H20

N30bITOK Oaputa, He mpopearuposasiiero ¢ CO2, OTTHTPOBHI-
BaIOT LIaBEJIEBOU KUCIIOTOM:

Ba (OH); + H2C204 — BaC04 + 2H20

Xoa pab6orpl.Cobepute acmupanoHHYH YCTaHOBKY (puc. 6),
BKJTIOYAIOIIYIO TPH cocyaa ¢ nmpodkamu (1 — morsorurens armochepHo-
ro CO2, 2 — nmpueMHUK i ceMsiH, 3 — moraoTuTesb CO2, KOTOPBIA BbI-
JeTNseTCS CEMEHAMU TPH JIbIXaHWW). Bce 2IeMeHTBl COSIMHNUTE MEXIY
co0oif TocienoBaTeIbHO Ta300TBOAHBIMU TpyOKkamu. IlepBblit cocyn
COEIMHUTE ¢ HacocoM. B mepBbIil U mocneaHuil cocyipl Hauere no 25

cM® HaCBIIIEHHOTO pacTBOpa 6aputa (puc.6.).

Puc. 6. ¥CTaHOEBKa 8NA onpegeneHua MHTEHCUMEHO CTKU ObIXaHusA
cemsAH B TOKE B0 3OyXa:

1 —TpyBKa, NPUCOEOUMHAIOLLEACA K Hacocy; 2 —cocyac
noraoTuTenem gaa ceAsbiBaHuA CC, BO3AYXa; 3 —NoOrAoTUTEND
ANA ceAsblBaHMA CO, B0O3AYX3a; 4— NPUEMHUK ANA cemAH; 5 —
cocyq cnoraoTutenem gaa ceasbieaHua 0, , BblaeneHHOro

cemeHamm; 6 — LUTAaTUE M2 NeHonNAacra; 7— noraoTurens aaa
ceAsbleaHuA CO,, BbIAEAGHHOTO ceMeHa MU
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Bo3bpmuTte HaBecKy ceMsiH 4 T, IOCUUTANTE UX KOJUYECTBO U I1O-
MECTUTE B MIPUEMHHK. ['epMEeTHUHO 3aKpoiTe Bce cocybl. C MTOMONIBIO
Hacoca IpoAyBalTe IMyTeM HarHeTaHUs BO3AYX 4epe3 CUCTEMY C TaKOn
CKOPOCTBIO, YTOOBI B TIOTJIOTHTENE (2) 00pa3oBBIBAIOCH HE OoJiee IBYX
My3bIPbKOB B CEKYH]Y.

Uepes BCro cucteMy cozzaerca TOK Bozayxa. OH NpoxXoIuT dyepes
JIB€ KOHTPOJIbHBIE KOJIOBI, ounIasich oT CO2, Tak Kak OapuT MOTJIONIAET
YIJIEKUCIIBIM Ta3, U MOCTYIaeT B IPUEMHUK Uil ceMsaH. CeMeHa Jpliiar,
BBIIEIISAS YIJIEKHUCIIBIA Ta3, KOTOPBIA MOCTYNAET B MOIJIOTUTENb U CBS-
3bpIBaeTcs ¢ OaputoM. OnbIT MpoBoAUTE B TeueHrue 30 MUHYT. 3aTeM OT-
paboTaHHBIA OAPUT W3 MOTIOTHUTENS TIIATEIBHO IEepeMenIaiTe U BO3b-
mute 110 10 cM® ero U3 KaXmoro MpUEMHHKA B KOHHYECKHE KOJOBI, J10-
6aBpre o 2 Karmmm (enondranenna u orrutpyirte 0,1 # H2C204 mo
CJ1a00pO30BOr0 OKPAIIMBAHUS, UCUE3AIOIIETO OT OJHON KAIlJIU KUCIOTHI.
[ToBTOpPHUTE OMBIT B TOW € MOCIEA0BATEILHOCTH, HO IIPU TEMIIEPATypE
+35°C ¢ mpopocuiiMH ceMeHaMH U IpU KOMHATHOM TeMIleparype C
KOHTpPOJIEM (4 I' CyXHUX CEMSH MILIEHUIbI).

NuTtencuBnocts npixanus (B Mr CO2, BeiaenseMoro 1 r cyxux ce-
MsH 3a | yac) paccUuThIBAIOT 10 (hopmyIie:

(@—5b) xK x2,2xM %60
J = =me CO2 2/uac,
mXxXn Xt

rae M — oOuruit 06beM GapuTa B MOTJIIOTUTENE, MIT,

m — o6beM pactBopa Ba(OH)2 B3sTOr0 N5t TUTPOBAHMS, MIT;

{ - IPOIOIKUTENBPHOCTH ONBITA, MUH;

a u b - konmuyectBo 0,1 H IMIABENCBON KUCIOTHI, H3PACXOI0-
BAHHOW Ha TUTPOBaHHUE OapuTa B KOHTPOJIHHOM U ONBITHOM BapH-
aHTe, M,

K - norpaBka K TUTPY pacTBOpa I1aBeJIeBON KHUCIOTHI;

2,2 -xonmudectBo CO2, Mmr, cooTBeTcTBYMOMIEee 1 mi 0,1 H pac-
TBOpA IIABEJIEBON KUCIIOTHI;

N - Macca CyXux CeMsiH, T.
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P C3YJIbTAThI OIIbITA 3AIIMCBIBAIOT B Ta6J'II/II_[eZ

Temmep.| Hasecka O0BeM KomnuecTBo miaBeaeBoit HNHTeHCuBHOCTD
°C CEMSIH Oapura, M KHUCJIOTHI, IOIIEAIIEH Ha JIBIXaHMS,
TUTPOBAHUE, MJI mr CO; Ha
KOHTPOJIb OTIBIT Ircem.3a 1 4.
10
20
40

Marepuanbl u odopyaoBanue. Cyxue U MpoOpoCIIME CEeMEHa TIie-
HULBI, sA4YMeHs, KyKypy3bl, 0,1 » pactBop ruapokcuna Oapus,
0,1 n pactBop maBeneBoil kucioTel, 1 %-it pactBOp deHondranrenna,
KONOBI MIOCKOAOHHBIE Ha 1 On°, creknsnuble mmmetkd Ha 10 cvd (3
mT.), GropeTKa Ha 25 cy®, TIa3Has MUIeTKa, aCIMPAIHOHHAS YCTaHOBKA,
MPOOKH C MaJIBIM OTBEPCTHEM K KoJi0aMm (2 IIT.), 103aTop, BECHl TOPCH-
OHHBIE, TEPMOCTAT, HACOC.

Padora 4. OnpeneseHre HHTEHCUBHOCTH JABIXaHHUA CYyXHUX
U NIPOPOCIIMX CeMSH

NHTEHCHBHOCTh JBIXaHUS B 3HAYUTEIBHOW MEpE OmNpenesieTcs
(GU3NOIOTHYECKUM COCTOSSHUEM pACTUTENBHOTO OpraHu3ma. MuHU-
MaJIbHBIM JIBIXaHHEM XapaKTEPU3YIOTCS CEMEHA, HaXOIAIIUECS B COCTO-
aHUM nokod. IIpu mepexone X B COCTOSIHUE aKTUBHOI'O IPOPACTAHMS
JBIXaHUE YCUJIMBACTCSA, U 3HAYUTENbHAs €r0 HHTEHCUBHOCTb IIPH 3TOM
00BsICHAETCS MpoLiecCaMi HOBOOOPA30BaHUS KJIETOK U (HOPMUPOBAHUEM
UX MpOTOMIa3Mbl. B 3TOM MOXHO yOeIuThCS MpPU CPAaBHUTEIBHOM U3Y-
YEHUU MHTEHCUBHOCTH JBIXaHUSA CYXHUX U MPOPOCLIUX CEMSH CEIbCKO-
XO35MCTBEHHBIX KYJIBTYP.

Xon padorbl. HaBecku cyxux ¥ IpOpOCHIMX CEMSH B 2 T' TIOMe-
IIal0T B JBa MapjeBbIX MEIIOYKA M MPUKPEIUISIOT K MpoOKaM MpH Mo-
MOIIM BCTABJICHHBIX B HUX KPIOYKOB. [IpOOKH BCTABISAIOT B KOHWYECKHE
KOJIObI, KyJa mpenBaputenbHo HanuBaioT no 10 ma 0,12 H pacTBOpa
Ba(OH)2 Tak, 4ToOBI C ceMEHaMU HE TOCTUTAIH PacTBOPA IIETOYH.

Tpetbs Ko510a ¢ TaKUM K€ KOJMYECTBOM OapuTa CIIYXKHUT KOHTPO-
JEM, U CEMEHa B Hee He nomemarT. OTMeuyaroT BpeMsl IOCTaHOBKU
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OIbITA U BCE TPU KOJIOBI Ha 1 Yac OCTAaBISAIOT MPU KOMHATHOHM TemIiepa-
Type. Ha npoTskeHnM ombITa KOJIObI MEPUOANYECKH OCTOPOXKHO IMOKa-
YUBAIOT, 4TOOBI pa3pymuTh MmieHKy BaCOs, oOpasyromryrocs Ha To-
BEPXHOCTH OapuTa U MPENATCTBYIOILYIO oaHOMY noromenuto COz.

UYepe3 1 yac BHIHUMAIOT MEMIOYKHA C CEMEHAMM U3 KOJIO, BHOBb
IUIOTHO NMPHUKPBIB UX IpoOkaMu. Bee Tpu KoiObl, HAUMHAS C KOHTPOJIb-
HoM TUTpytoT 0,1 H pacTBOPOM IIaBENIeBOM KUCIOTHI B IPUCYTCTBUH 2-3
Kamnenp ¢eHondragenHa 10 ciabo — po30BOr0 OKpallMBaHMs, Hcuye3a-
IOILEr0 OT OJHOM KAIIM KUCJIOTHI.

VHTEeHCUBHOCTD IBIXaHHS PACCUUTHIBAIOT IO (hopMyJIe:

(@-b)K x2.2
J = - me CO2 2/uac,
M xnxt

rae: a u b — komuuectso 0,1 H pacTBOpa IaBEIEBOM KUCIOTHI, U3-
pPacxo/IOBAaHHOT'O HAa TUTPOBAHHE OApUTa COOTBETCTBEHHO B KOH-
TPOJIBHOM U OIIBITHOM BapHaHTax, MII,

K — nomnpaska k tTutpy 0,1 H pacTBOpa 11aBEIEBON KUCIOTHI,

2,2 — xomuuecTtBo CO2, cooTBercTByMomee 1 M 0,1 H pacTBopa
IIIaBEJICBOI KUCIOTEI, MT;

n — macca 1000 cemsH, T.

PC3YJ'IBT8.TBI OIIbITa 3alIMChBIBAIOT B Ta6J'II/II_Iy1

Cemena Hapecka | OO0bem Kon-Bo 111aBeieBo# KUCIOTEHI, HHTEeHCHB.
CCMsH, T 6ap1/ITa, HOHICHHIeﬁ Ha TUTPOBAHUEC, MJI. JABbIXaHUA MTI'
MII KOHTPOJIb OTIBIT COzmHalr
CEMSIH 3a Jac
Cyxue
IIpopoc.

Matepuaiabl U 000py/lOBaHMe: CyXH€ M MPOPOCIINE CEMEHa
nmenunsl; 0,1 H pactBop Oaputa; 0,1 H pacTBOp IIaBeNEBOI KUCIIOTHI;
1% - i1 pactBOp (eHondranenHa; Bechl ¢ pa3HOBECAMU; KOHHYECKHE
K0J10b1 Ha 250 MJI ¢ MpoOKaMu; MapJieBble MEIIOYKH.
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Pabora 5. Onpenesienne abIXaTeJbHOro KO3 puiueHTa
NPOpPAaCTAIOIIMX CeMAH

HeixarensubiM ko3 dunmentom (K) Ha3piBaeTCs OTHOIICHUE
o0bema BeienieHHOro CO2 k 00beMy MOTJIOLIEHHOT0 Kuciopoaa. Benu-
guHa J[K cBUIeTenbCcTBYeT 00 MHTEHCHBHOCTH B JIEKAPOOKCHIMPYIO-
mMx 3BeHbsX B Lukie Kpebca. OCHOBHBIM (DaKTOpPOM BIMSIONIMM Ha
BennuuHy K sBiseTcs xumuueckas npupoja AblXaTelbHBIX cyOcTpa-
ToB. IIpu okucnenun yrieroaoB JK paBeH 1, nmpu OKHCI€HUU OpraHu-
YECKUX KHCIIOT, SBJISIOIIMXCSI MEHEE BOCCTAHOBJIEHHBIMU, YEM YIJIEBO-
ne1, 1K Gosbmre 1. [Ipubop mist onpeneneHust ApixaTeabHOTo Koddhdu-
muenTa (puc.l.) cocTouT U3 MpOOUPKU C IIIOTHO MPUTHAHHOM KaydyKo-
BOI IPOOKOIA, B KOTOPYIO BCTaBIIEHA MOJI MPSMBIM YTJIOM TPaJyHUpOBaH-
Has TpyOKa.

Xoa padotbl. [lonoBUHY POOUPKHU 3aMONTHSIIOT IPOPACTAIOIUMU
CeMEHaMH IOJICOJTHEYHUKA M TUIOTHO 3aKPBIBAIOT MPOOKOW C HM3MEpH-
TelnbHOU TpyOKoH. B TpyOKy ¢ HOMOIIBIO MHUIETKH BBOJST KArlIiO
OKpAILIEHHOW >KUJIKOCTH (BOJa C METUJIEHOBOH CHHBIO), CO3/1aB TAKUM
o0pa3oM BHYTpH mpudopa 3aMKHYTYI0 atMocdepy. UToObI mpobupka He
HarpeBajach OT IPUKOCHOBEHHUSI PYK, €€ CTaBAT B IITATUB UJIM B CTAKaH
C BOJOH, U3MEPAIOT HA CKOJBKO JEJIICHUH IIKaIbl MPOABUHETCS Karlisd
BHYTpPb TpyOKM 3a 2 MUHYTHI. J[enaloT HECKOJIbKO OTCUETOB U BBIYMC-
JISIOT CPEJHIOIO BEJIMYMHY.

Puc.1. YcranoBka s onpeaesieHUsl AbIXaTeJIbHOr0 KO3 pu-
LHEHTA.

[lonyuyenHas BenuunHa (A) ABIAETCS BBIPAKEHUEM Pa3HUIIBI
MEXy 00beMaMy MOTJIOMIEHHOTO KUCIOPOAA U BBIIEIEHHOW YIJIeKHC-
70Thl. J[anee OTKphIBAIOT MPOOUPKY C CEMEHAMHU U BBIKJIA/IbIBAIOT B HEe
MUHIIETOM IOJIOCKY M3 (WIBTPOBAIBbHOM Oymaru, cmoueHHoir 20%
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NaOH. CHoBa 3aurpblBaloT MpOOHPKY NPOOKOH W BHOBH BBOJAAT B
TPYOKYy KaIulto XHUAKOCTH. OTMeyaroT IOJIO)KEHHE MEHHMCKa Karlj,
OIIPEIeNIAIOT MEePEIBMKCHNE KAIUIK MIPH TOH jKe TeMIepaType 3a TOT Ke
NEPUOJI U BBIUUCIIAIOT cpeliHIo BennuuHy (B). Bennunna «By ciayxur
BBIPQ)KEHUEM MOTJIOMIEHHOTO MPH JBIXaHUHU KHCIOPOJa, TaK KaK BblJe-
neHHpld CO2 ornouaeTcs eI04bio.

JIpIxaTenbHbli KO3 PHUIUEHT paBeH:

PCSYHbTaTBI 3aI1iMChbIBar0 B Ta6n1/1uy:

O0BekT | YcnoBus onbiTa OTc4eThl, MM 3a 2 MHH. JK=B-A
1 2 3 B

be3 menoun (A)
Co menoysio (B)

MaTtepuaJjbl 1 000py/A0BaHHe: TPOPACTAIOIINE CEMEHA MTOJICOJI-
HEYHUKa, PUOOP ISl ONPEACIICHHS bIXaTeIbHOTO KOA(PPUIIHCHTA,
MTUHIIET, TOJIOCKU (PHUIIBTPOBAIILHON OyMaru, NeCOYHbIC Yachl HA 2 MUH,
IITaTUB, CTakaH ¢ Bojoi, 20% pactBop NaOH.

Pa6ora 6. O0Hapy:KeHHe 1eTHAPOreHa3bl B PpACTEHUSIX
OO0HapyxeHue W OmpeNeieHUEe IETHAPOTeHa3 OCHOBAaHO Ha HX
CIIOCOOHOCTH 3a CUeT JETUIPUPOBAHUS OPTraHUUYECKUX COEIUHEHUN
BOCCTaHaBJIMBAThH B aH33p06HI)IX YCIOBUAX KPAaCKHW C HU3KHUM OKHCIIU-
TEJIbHO-BOCCTAHOBUTENBHBIM MOTEHIIMAIOM. B KadyecTBe Takoro WHIU-
KaTopa MPUMEHSETCS METHUJICHOBAs CUHBbKA, BOCCTAHOBJICHUE KOTOPOU
MIPOUCXOIUT IO CXEME:

oezuopasza
XH, + MC —» X + MCH:
cybcmpam cuHvKa oKucn.  Jeuxogopma

cyocmp.cunbKu
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Xoa padorsl. CemeHa HaOyXIIero ropoxa OCBOOOXIAIOT OT ce-
MEHHOW 000JI0YKH M JeisaT Ha aBe yacTd mo 10 mryk. 10 mTyk cemsiH
KHITSTYEHUEM B TPOOHpKe ¢ Bofol B Tedenue 10 mu, youBaroT. Bropyro
yacTh ceMsH u3 10 mTyk B mpoOUpKe 3aJUBAIOT PaCTBOPOM METUIICHO-
BOH cuHbKU. C NepBOi MapTUH CIMBAIOT BOLY, UX TAKXKE 3aJIMBAIOT Me-
TisieHoBOM cuHbkol. Yepe3 10 mua. C 00enx mapTuii CeMsiH CIIMBAIOT
KpacKy, CEMEHa IIPOMBIBAIOT BOAOW. [l co3gaHMsl aHadpOOHBIX yCIo-
BHI MPOOUPKHU JI0 BEPXY 3aJIMBAIOT XOJOJHON KHUIISTYCHOW BOJIOW U 3a-
KpBIBAIOT poOKaMu. 3aTeM MPOOUPKH CTaBAT Ha BOASHYIO OaHIO Ha 2
yaca npu temrneparype 30°C. 3a 3To BpeMs KHUBBIE CEMEHa MOTEPSIOT
CHHIOIO OKpAaCKy, TaK KaK JEruapa3bl y4acTBYIOUIUE B AbIXaHUH KJIETOK,
CHSUIM BOJOPOJ C JBIXaTeIbHOI'O MaTepuana B CeMEHax U MepeHecln
€ro Ha METUJICHOBYIO CHHBKY, KOTOpasi BOCCTAHOBMIIACH B JIEHKODOPMY
1 00eCIBETUIACD.

3aTem U3 00erx MPOOUPOK BBUIMBAIOT BOJY, CEMEHA BBICHINAIOT B
bapdopoBbie YalIKK U OCTABIAIOT Ha Bo3ayxe. [Ipu aTom xkuBbIe ceMe-
Ha BHOBb IIOCHHEIOT, TaK KAaK CHHBKA TIEPEXO/UT B OKUCICHHYIO (hopMYy.

B xoHTposbHOI mpoOupke yOUThIE CEMEHA OCTalOTCA BCE BpPEMs
CUHHUMM, TaK KaK IpU KUMISTYEHUH CEMSH JETUIPa3bl Pa3pyLIHIINCh.

Habmronaemoe B ombiTe 3apUCOBBIBAIOT IIBETHBIMU KapaHAallaMu.

Marepuanbl n o0opyaoBanmue: HaOyXIlIMe ceEMeHa ropoxa, Mnpo-
Oupku, mMTaTUB, (pappopoBble YaILIKH, BOASHAs OaHs, 3JIEKTPOILIMTKA,
TePMOMETP, pacTBOp MeTusieHoBO# cuHbku 1:10000, mpoOku k poOup-
KaM.

Pabora /. OOHapy:xeHHne KaTajga3bl B PpACTUTEIbHBIX
o0beKTax
B mpornecce apixanusi B kauecTBe MOOOYHOTO MPOAYKTA OKHCIIE-
HUS BEIIECTB 00pa3yeTcs MepPeKuch BOJOPO/Ia, OKA3hIBAIOIIAsl B BBHICO-
KMX KOHIIEHTpPALMSAX TOKCMYHOE JIEUCTBUE Ha LMTOIUIazMy. Heltpanu-
3aIsl IEPEKHUCH BOJOPO/Ia MPHU ydacTuu (HepMeHTa KaTayia3bl UIET 10
BOJIbl U MOJIEKYJISIPHO KUCIIOPOJa IO YPaBHEHUIO:

Kamanasa

2H 0, — 2H,0 + O3
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OO0 aKTHUBHOCTH KaTayasbl CyJsT 110 00beMy KUCIOpPO/a, BbIIET-
IOIETOCS B PE3YJIbTaTe PA3IOKEHUs TIEPEKUCH BOIOPO/IA.

Xoa padorsl. Kycoyek ounIieHHOro KiyOHs KapTodels U3Melb-
4aloT U pactuparot B hapdoposoii cTynke ¢ HeOOIbIIMM (2-3MJ1) KOJIH-
YEeCTBOM JMCTUIUTUPOBAHHON BOABI. 3aTeM mpubOaBisior eme 8-10 mu
BO/JIbI, TIIATEIILHO MMEPEMEIINBAIOT U PHIIBTPYIOT €€ B CYXYIO TPOOHPKY.
HenocpenctBenno ansi paboThl UCHOIB3YIOT 3-4MIT MOJIy4€HHOH BBI-
TSDKKH, OCTaBIIAsACS YacTh CIY)KUT KOHTposieM. K BBITsKKE T0OaBIISIOT
2mn 3%-HOTO pacTBOpa MEPEeKUcH Bojxoposa. Uepe3 HECKOIBKO MHHYT
MOSIBIICHUE ITY3bIPHKOB KHCJIOPOAA M CKOIUICHHE WX HA IOBEPXHOCTH
pacTtBopa B BHUJE MEHBI CBUICTEILCTBYET O HAIMYHMU B TKAHIX KIYOHS
kaprodens hepMeHTa KaTajiasbl.

B kadectBe BTOpOro 0OBEKTa HCCIEAYIOT JIUCTbS KOMHATHOTO
pacrenus. M3 JHUCTOBO# IJIACTUHKU BBIPE3AIOT MAJICHBKUN KYCOUYEK M
KJIaJyT Ha MPEIMETHOE CTEKJO B Kallllo MepeKkucu Bopopona. Yepes
HECKOJIbKO MUHYT HM3y4aroT MPHUTOTOBJICHHBINA mpemnapar. [log mukpo-
ckor. [1o nHTEeHCMBHOCTH 00pa30BaHUs MEHBI CYyIAT 00 aKTUBHOCTH Ka-
Taja3bl B PACCMOTPEHHBIX PACTUTEIILHBIX 00BEKTaX.

Marepuanbl 1 o0opyoBaHue. KIyOHU KapTodess, JIUCThs Ie-
panu, dapdopoBas cTymnka ¢ necTukom, 3%-blil pacTBOp MEPEKUCH BO-
70poJia, BOPOHKA, (UIbTpoBajibHAs Oymara, mpoOWpKH, MHUKPOCKOI,
IpeMETHBIE U IOKPOBHBIE CTEKJIA, JIE3BUSI.
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Tema 4. BOTHBIH OBMEH PACTEHHH

Bopa sBisieTcss HE TOJIBKO OCHOBHOM CpPEIOM, TIE OCYIECTBIIACT-
csl Bce OMOXMMHUYECKHE IMPOLECCHl, HO M CTPYKTYPHBIM KOMIIOHEHTOM
KMBOTO BellecTBa. Bojga obOecneunBaeT IMOINIOIIEHUE cojiell U mepe-
JBUKEHHE PACTBOPOB IO TKAHSIM, 00YCIIOBIMBAET KOJUIOMJHOE COCTOSI-
HUE IUTOILIa3Mbl KJIETOK, Typrop pacTUTENbHbIX TKaHel. bosbias Ten-
JIOCMKOCTB BOJbI 3alMMIIACT PACTUTCIIbHBIC TKAHW OT MEPLErpeBa, BHICO-
Kas TeIUIoTa MapooOpa30BaHMs HAJEKHO CTAOMIM3UPYET TEMIEpaTypy
pacTHTensHOr0 opranm3Ma. JlJis 3acyluUIMBBIX PaliOHOB 0CO0O€ 3HadYe-
HUE HMEET BBICOKAsl CTENEHb KOHJEHCAIlMM BOJIbI, TaK KaK ypoxKal
3/1eCh B 3HAYUTENILHOW CTETIeHN (hOPMHUPYETCsS 3a CYET KOH/IACHCAIMOH-
HOU BJIArH.

HOILLGM " MNEPpCABUIKCHUEC BOABI B PAaCTCHHU OCYHICCTBJIACTCA B
pe3yibTare (PYHKIIMOHUPOBAHUS JBYX «JBUTaTel]ei» BOJHOIO MOTOKA —
KOPHCBOT'O AABJICHUA U HpHC&CI)IBaIOHIGf/'I CHUJIbI TPpAHCIIMpAlMK, a TaKKC
CHJI MEKMOJIEKYJISIPHOTO clierieHus Boasl. KopHeBoe naBiieHue BO3HU-
KacT B pC3yJIbTaTC AKTHUBHOI'O BCACbIBaAHWSA KOPHEM BOABI U3 IIOYBBLI U
HarHeTaHus ee B pacTeHHe. MexaHu3M KOPHEBOI'O JaBJeHUs 00yCIOB-
JICH KaK OCMOTHYCCKHMHU SABJICHUAMHU, HNPUCYIIUMH PACTUTCIbHBIM
KJIETKaM, TaK ¥ aKTUBHBIMU PUTMHUYECKUMHU COKPAILIEHUSIMU CaMUX KJle-
TOK KOpHS. TpaHcnupauus, HpeICcTaBistoNas co00i CII0XKHBINA caMo-
peryaupyromuil  pU3HOIOrHYeCKU Mpolece, UCIOIb3yeT B KauecTBe
HCTOYHUKA HHEPrUM COJHEYHYIO paJualvio W [0 CUjie, KaK IpPaBHIIO,
MPEBOCXOJIUT «HW)XHUN JABUratens». OCHOBHYIO ()YHKIIMOHAIBHYIO
Harpy3Ky NpU TPaHCIUPALUU BBEIIOIHAKOT YCTBUYHBIE KIETKH, Xapak-
TEPU3YIOIIHUECS PAJIOM CTPYKTYPHO-(YHKIMOHAIBHBIX OCOOEHHOCTEH.
B mponecce yCTbUYHONW pEryauMpOBKH TPAaHCIUPALMHU BEAYIIYIO POJIb,
COTJIACHO COBPEMEHHBIM IMPEICTABICHHUSIM, UTpaeT padoTa KalueBbIX
HMOHHBIX HACOCOB.

CooTHoIIEHNE MEXy TPUXOAOM M PacXoJ0M BOABI B PACTEHUAX
— BOJHBIN OanaHC — CIYXUT (U3MOJIOTMYECKUM KOHTPOJIEM 3a BOJIO-
00ECTIeYeHHHOCTBIO PAaCTEHUI U MO3BOJIIET PEryIUpOBaTh BOJIHBIN pe-
UM PACTEHUN B YCJIOBHSIX OPOLICHHS IyTe€M I0JHMBa, OOTapHOM K€
3eMJIEJICNIUU 3a CUET MEpONpPHUATHH, 00ecreynBalouX MaKCHUMalIbHOE
HAKOINJICHUE BJIarv B IIOYBE€ U SOKOHOMHOC €€ pPacxXxOoJOBaHUC. HCXO)IHI)IM
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MoKasarcJjieM JId ONpCACICHHUA BOAHOI'O 6aJ1cha ABJISICTCA CYMMAapHOC
BOJIONIOTPEOICHHE 3a TMEPHOJT BereTaiuu pacteHuil. [1o3HaHue 3aKOHO-
MEPHOCTEH BOJHOTO 0OMEHa HEOOXOAMMO ISl pa3paOdOTKH PalMOHATb-
HBIX arpOTeXHUYECKUX MPHEMOB, HANIPABICHHBIX HA MOJyYCHUE YCTOM-
YHBO BBICOKHX YPOIKACB.

Pabora 1. ®opmbl BoAbI B pACTEHUSIX

ITo cocTosiHUIO BOAY MPHUHATO AEIUTH HA CBOOOJHYIO U CBSI3aH-
Hyto. CBOOOHAs BOJIa B PACTUTEIBHBIX TKAHAX HE YIEP)KUBAETCA Ka-
KUMU-JINOO cUIaMH, CBOOOTHO MEPEABUIaeTCs M0 PACTEHUIO U SBISETCS
pacxoayemoil 4acTeio Bojabl. OHa ydacTBYET B IpoOlieccax U IEpe/iBU-
xeHusx. Mcnapssicb B X0€ TpaHCIMpalMu, CBOOOAHAs BOJA CIIOCOO-
CTBYET CTAOMJIM3AIMN TEMIIEPATyPHOTO PEXKUMa PACTECHHIM.

CBs3aHHas BOJIa yI€p/KUBACTCS OCMOTHYECKUMU U KOJIJIOUAHBIMU
cunamu. KomtonmHo-cBsi3aHHash Boja OOYCIIOBIMBAET arperaTHBHYIO
YCTOMYMBOCTh KOJUIOMAOB, CIIOCOOCTBYET INPEOAOJICHUIO PACTEHUSMU
Pa3IMYHbIX HEOJArONpPUITHBIX (DAKTOPOB OKPYKAIOLIEH Cpeabl.

Xoa padoTbl. Y JIMCTBEB ONPEAEICHHOIO spyca MPOOOYHBIM
cBepioM GepyT 1o 20 BeIcedeK Ha KaXIOM JIHCTE ¢ rmomansio 0.5 cm?,
100 takux Bbiceuek momemarT no 10 mrTyk B GIOKCH ¢ 3MJI pacTBOpa
caxapo3bl (MpeIBapUTEIbHO B3BEIICHHBIE) W 3aKpPbhIBAIOT IIOTHO
KpbIko#, a 100 Beiceyek no 10 mTyk moMeniaroT B MyCThI€ B3BELICH-
Hble cyxue OIOKCBI M B3BELIMBAIOT. BIOKCHI C BhIcEUKaMH 0€3 caxaposbl
TIOMENIAIOT B CYMMIbHBIA mkad mpu Temmeparype 100-105°C, sarem
OTpeseNsoT o01Iee coiepKaHUe BOAbI B JIMCThSIX.

Brokcel ¢ BbIc€YKaMU M Caxapo30i OCTaBIIAIOT Ha 6 4acoB IIPH
KOMHATHOU TeMIeparype. 3aTeM ¢ MOMOIIbI0 pedpakToMeTpa ompese-
JA10T % caxapo3bl B Pe3yJIbTaTe OTHATHUSA BOJABI OT BBICEUYEK IOKA3bIBAET
HaJuuue cBOOOIHOM BOJIBI B JIUCTHSIX.

IIpumep pacuera:

% caxapo3bl KCXOTHOTO pacTBopa 69.9%

% caxapo3bl ONBITHOTO pacTBOpa (OI0KCHI ¢ Beiceukamu) 63.0%

Bec 3mu ucxomnoro pactsopa caxapossl — 3.8992r

Bec caxapo3bl B HCXOJHOM pacTBOpe =

3.8992 x 69.9 =2.7138
100
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Bec onbiTHOTO pacTBopa = 2.7138 x 100 = 4.3077

63

YBenn4eHue Beca ONbITHOTO pacTBOpa
4.3077 — 3.8992 = 0.4085

Bec cpippix Bbiceuek — 0.6718 1.

% cBoOoaHOM BoabI HA chipoii Bec = 0.4085 x 100 = 60.8%

Copep:xanue o0miei BOJbI MO MPSIMOMY OINPEACIECHUIO B TEPMO-

0.6718

cTare MpH pacdere Ha cbhipoit Bec - 82.5%.

OTcro1a KOJIMYECTBO CBI3aHHOM BOALI = 82.5% - 60.8% = 21.7%.
Ecnu xe omnpeneneHus mpousBecTH 2 pa3a B JAEHb, (YTOPOM M
JHEM) TO TPU PA3HOCTU MEXKIY OIPEHCICHUSIMU MOXKHO CYIHTH O

HaJIn4Yuy BOJHOIO IIe(i)I/IIII/ITa. HOJIy‘-IeHHI)Ie JaHHBIC 3aIllMChIBAaIOT B BU-

7€ CIeAYIOUINX TaOIuIL;

1. OmnpenencHue o01IEi BOIBI B IUCTHAX

Macca Orokca, T Macca Orokca ¢ Bec BrIceuek
- BBICEUKAMH MOCTIE | TOCIIE BBICY- S o
1 ﬁ M =
S » BBICYIIMBAHUS, T [IUBAHMS, T 5 2
o) o =N A = b
= | D) Qo [5)
= o] > 3 . Q g
o = = o % Rl 8
I ) ) Q =
13) n o= Q - ©
< > ) S 3 o
A = o = m o 2 H =X
2. OmpeneneHnue cBOOOIHOM BOJIBI B TUCTHSIX
Macca 6tokca, T Macca | Macca | Konmenrpa- Komn-Bo %
3mn BBICE- 1us pactBopa | cBo6oA- | CBO-
caxa- Yek, T caxapo3sbl, % HOM BO- 601~
pO3BI, T Jbl, T HOU
1 1
g ° s _ Q = ] BOJIBI
T = 3 < A g v <
5] S E & X = S
= = = Q < . o S =
Q Q on [SERl -y » IS
< > < o O o =
~ B O ¥ O & o = = o
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MaTtepuaJjbl 1 000pyAoBaHHe: pacTBOp caxapo3sl 70%, pedpak-
TOMETp, OIOKCBHI, BECBI M PA3HOBECHI, CYIIMIBHBIN MIKad, TUIETKH Ha 3
ML, IpOOOYHBIE CBEpIIA.

Pabora 2. CpaBHeHMe TPAHCIIMPALMM BepXHeil U HMKHeH
CTOPOH JINCTA XJIOPKOOAJbTOBBIM METOI0M

Hcnapenne BOIBI C TOBEPXHOCTH JIUCTHEB TJIABHBIM 00pa3zoMm
MIPOMCXOIUT Yepe3 YCThUIIA. YCThHUIIA COCTABISAIOT He Oonee 1% Bcel
IUTOIIAAH JUCTa. Y OOJBIIMHCTBA PACTEHHH YCTHUIA MPEUMYIIECTBEH-
HO pacIlOJIOKEHbl Ha HUKHEN CTOpoHeE JnucTta. [1lo3ToMy ¢ HukKHEN cTo-
POHBI JINCTHEB MPOUCXOIUT U HanOoJjiee MHTEHCUBHOE MCIIAPEHUE BOJIBI
B BHJIE TPAHCIIUPALUU.

Ecnu mpuxarh BBICYIIEHHBIH KYCOK (DMIBTPOBAIBHON Oymarw,
MPOMUTAHHOW XJIOPUCTBIM KOOAnIbTOM, TO Oymara, MoOrjomias BblAes-
IOLMECs] B IPOLECCE TPAaHCIUpALMM BOJASHBIE Mapbl, OyIET MEHSTh
CBOIO OKpacky u3 romy6oii (uBer cyxoro CoClz) B po3oByro (uBer
CoClI2 6H20 ). 1o 6sicTpOTE TOPO30BEHUSI MOKHO MPUOIM3UTENBHO CY-
JIUTh 00 MHTEHCUBHOCTH TPAHCIIUPAIUH.

Xoa padorbl. Haj 31eKTpOIUIUTKON MPOCYIIMBAIOT KYCKH XJIOP-
KOOaJIbTOBOM Oymaru 0 sipKo-roiay0oro 1sera. 3ateM, Takue OyMaxKu
IIPUKJIAJBIBAIOT K BEPXHEHW M HUJKHEW CTOPOHAM JuCTa. JINCT 3aKMMaroT
B MECTE€ C HaJIO)KEHHOM Ha Hero KyckamMM Oymaru ¢ o0eux CTOpOH
IBYMsI CTEKJISSHHBIMM IjacTUHKamu. HaGmronaror, yepe3 CKOJIBKO MH-
HYT TIOPO30BEIOT XJIOPKOOAIbTOBBIE OyMa)KKU Ha BEpXHEH M HIDKHEH
cTopoHax jucta. [To ckopocT MOpPO30BEHNUS ONPENENSIOT, C KaKOH CTO-
POHBI JIMCTa HCTIapEHUE UIET OBICTpEe.

Pe3ynbTathl OnpiTa 3aMKUCHIBAIOT IO CXEME:

Bpewmsi HaboieHue
Cropona smucra Hauaino omeita | Konery onbita Bpewms mopo3oBenus 0y-
MaKKH (MIH)

Bepxnss
Huxusis

MatepuaJjbl M 000pyA0BaHNeE: T€PAHb, XJIOPKOOATBETOBEIE OY-
MaKH, CTEKJISHHBIE MTaJIOUYKH, TUHIIET.
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Padora 3. U3yuyeHne HHTEHCUBHOCTH TPAHCIIUPALMH Y
Cpe3aHHBIX JHUCTheB MPH MOMOIIM TOP3MOHHBIX BECOB
MeTo OCHOBaH Ha ydyeTe W3MEHEHHMH MacChl CPE3aHHOI'O TPaHC-
MUPHUPYIOIIETO JMCTa 32 KOPOTKHE MPOMEKYTKH BPEMEHH, YTO JaeT
BO3MOYKHOCTh HaOJNIOaTh TPAHCIHMPALMIO MPH TOM COCTOSHUU HACHI-
IICHUS] JTUCTA BOJOM, B KAKOM OH HaXOJIUJICS Ha PACTEHUHU.
WHTtepBan Mexy B3BEIIMBAHUSAMHU HE JTOJDKEH IIPEBBIIATH 5 MMH.
[Ipu Oosiee ATMTENBHON SKCIO3UIIMKM YMEHBIIIAETCS COJIEpPKaHue BOJIBI B
JUCTE M CHIDKACTCSd MHTEHCHBHOCTH TpaHcmupanuu. s OwicTporo
B3BEIIMBAHUSI UCIIOJIb3YIOT TOP3UOHHBIE BEChI (pHC.1.).

Puc.1. Top3nonnsle Bechl

Xoa pa6orbl. Top3uOHHBIE BEChl YCTAHABIMBAIOT CTPOTO T'OpU-
30HTAJIBHO 10 YPOBHIO MPHU MMOMOIIY JBYX BUHTOB Ha MOJCTaBKE BECOB.
C OmBITHOTO pacTEHUs CPE3aroT JIUCT CPEHETO Apyca, HAAEBAIOT €ro Ha
KpIOYOK, HaXOASIIUNCA cOOKY B 3aKpbITOH Kamepe U ObICTPO B3BEIIH-
BalOT. 3aTeM JIUCT TMOJBEIIMBAIOT HA MOJCTaBKy. TakuMm 00pa3oM B3Be-
ITUBAIOT JINCTHSI OJTHOTO U TOTO e spyca ¢ 10 pactenuii. Bpems nmepBo-
HayaJbHOTO B3BEUIMBAHUS KaXIOTO JINCTA 3AMMCHIBAIOT U Yepe3 5 MU-
HYT B3BEIIMBAHMS MX MOBTOPSIOT. YOBUIM B BECE JINCTHEB MEXAY Mep-
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BbBIM U BTOPBIM B3BCIIMBAHUCM ITOKA3bIBACT, CKOJIBKO BOJAbI UCITAPUIIOCH
3a OTOT IIEPUOA.
Pe3y.]'IBTaTbI OIIbITa 3aIIMCBIBAIOT 110 CXCMC!:

IToBTOpPHOCTH Cymmap- | Iloreps | HTEeHCHBHOCTH
112(3|4|5/6| 7 | 8 | 9] 10| meii Bec | Boxel 10| TpaHCIHpanuy,
10 ;mcTh- | MUCTBS- | MT.T/9ac
€B, MT MH, MT

Macca
JINCTBEB,

Marepuanbl 1 000pyI0BaHMe: IPOPOCTKU PACTEHUH (KYKYypy3a,
MIOJICOJIHEYHHK, OBEC), TOP3UOHHBIE BECHI, HOXKHUIIBI, TIOJICTaBKa AJIs
B3BCIIIMBAHMUSI JIUCTHEB.

Padora 4. Onpenenenne HHTEHCUBHOCTH TPAHCIIMPALMH U
OTHOCHTEJIbHOH TPAHCIHPALMH C IOMOIIbIO
TeXHHMYECKHX BeCoB

NHTEHCUBHOCTh TPAHCHUPALMK — KOJMYECTBO BOJIbI, MCHAPHUB-
LIEHCs ¢ €IMHUIBI JIUCTOBOW MOBEPXHOCTH B €IMHUILY BpeMeHU. Benu-
YHHA €€ 3aBHCHUT OT BHEIIHUX (DaKTOPOB, BPEMEHHU CYTOK U KoleOyercs
B penenax 15...250 r /(m? 4). MeTos OCHOBAaH Ha ydeTe MOTEpPH BOJIbI
IpU UcnapeHnu. MOXHO H3y4yaTb TPAHCIHUPALMIO LIEJIOTO0 PACTEHUs
WJIA OTJEIbHBIX €r0 YaCTEeu.

Xoa padoTsl. JIuCT onpeneneHHoro spyca cpe3aroT BMECTE € Ye-
pemikoM. HrxkHMI KOHEIl Yepemika MmoJape3aroT oA BOJAOW I Coxpa-
HEHUS LIEJIOCTHOCTH BOJHBIX HUTEW B MPOBOAAIIMX COCYAax. 3aTeM 4e-
pEIIOK JIUCTa MOTPYXKAIT B MPOOUPKY C BOAOH (CHEIMATBbHO CMOHTH-
pPOBaHHOMW Ui B3BELIMBaHMSA Ha TeXHMUYECKUX Becax) [IpocTpaHcTBO
BOKPYT U€pellKa 3aKpbIBAIOT BAaTOW JJI YCTpaHEHUs (pU3MUECKOTO HC-
NapeHus ¢ MOBEpXHOCTU BoJbl. [IpoOupky ¢ BOJOM M IHCTOM B3BELIU-
BalOT HAa TEXHUYECKHX Becax U ocTaBisitoT Ha 1 gac. [lo ucredenun
BPEMEHM 3KCIO3UIMH B3BEIIMBaHUE NOBTOPSIOT. [1o pasHocTH ¢ nepBo-
HaYyaJbHBIM BECOM YCTaHABJIMBAIOT KOJIMYECTBO BOJBI, KOTOpOE HCIIa-
PHII JIUCT 3a BpEMS OIIbITA.

Ha ocHoBaHMM MOJTy4€HHBIX PE3yJbTaTOB PACCUUTHIBAIOT HHTEH-
CHUBHOCTb TPAHCIIMpALMH, T.€. KOJUYECTBO BOJbI B IPaMMax, KOTOPOE
MCTIapsieT eMHUIA JICTOBOH ToBepxHocTH (1M?) B eMHHUIY BpeMeHH
(1 gac).
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JUia onpeneneHysl MIOMAAN JINCTA, UCIOIB3YIOT METOJ MOJIEBOU
JMArHOCTHKU.
HHTEeHCHBHOCTD TPAHCTIMPALIMU PACCUUTHIBAIOT 11O (popMyIie:

Tp.= 1000 x C = (2/M*/uac), 2oe:
S xt

C- yObUIb B BeCe 3a BpeMsI OIbITa, T
2
S — mwIomane IUCTa, CM*,
T — NpOIOIKUTENBHOCTD OITBITA, Yac.

Pa6ora 5. CkopocTh nepeaBuKeHUsI BOJbI 110 PACTEHHIO

[lepenBrxeHne BOIBI SBISIETCS BAaKHBIM 3BEHOM OOMIETO BOJO-
oOMeHa. 31ech y4acTBYIOT HM)KHHE U BEPXHHUE JIBUTaTelld BOJHOTO TO-
Ka, IPEJCTaBJICHHbIE KOPHEBHIM JIaBJICHHUEM M TPHUCACHIBAIONICH CHIIOM
JUCTHEB.

[lepenBurkeHue BOJHOIO TOKA MO PACTEHUIO OCYIIECTBISETCS Kak
0 JKUBBIM KJIETKaM (KOpHS M JIUCTA), TaK U MO MPOBOISIIUM COCYAAM,
JUIIEHHBIM TPOTOIIA3MBbL. J[BIDKEHHE MO 3TUM ITYTSIM MPOUCXOUT IO
Pa3IMYHBIM 3aKOHOMEPHOCTSM U TIOTOMY CYIIIECTBEHHO pa3InyaeTcs U
10 CKOPOCTH.

Jlnist u3y4eHus: CKOPOCTH MEPEIBUKEHUS BOJIbI HCIIONB3YIOT pac-
TeHust (hacoyu (BBICEBAIOT 3a 2-3 HEJIETHU JI0 OTbITA B SIIIMKW WU TOPIII-
KH) WM pacTE€HUs IIIyXOi KpanuBsbl (JIETOM).

Xoa pabotsl. B nmpo6upky mamusator 1-1.5 cm® Boasl, npeapapu-
TEJIbHO OKpallleHHON HEOOJBIINM KOJUYECTBOM 303MHA. 3aTeM OepyT
TOPIIOK C PAacTeHUsSIMU (PAcoIiM, BBHIKAIIBIBAIOT PACTCHHE C KOPHSMHU H
KOPHU MOTpYyXaroT B BOAY.

ITox BomO# OCTpOit OPUTBOM OTpE3arOT KOPHU, OOpE3aHHBIN CTe-
0eb MPUAEPKUBAIOT B BOJIE HECKOJIBKO CEKYHJ, 3aTeM OBICTPO BCTaB-
JISIIOT CPE3aHHOW YacThIO B MPOOHUPKY C OKPAIIEHHOW P03WHOM BOJION H
3acekaroT BpeMs. OKpalieHHbIH pacTBOpP MO/ IEHCTBHEM BCACHIBAIOIIEH
CHJIBI JTUCThEB Oy/€T MOJHUMATHCS MO cocynaM, oKpamuBas ux. Yepes
2-5 MHH pacTeHue ObICTPO BHIHUMAIOT U3 MPOOUPKH, OOPBIBAIOT JTUCThS
W JIE3BHEM pa3pe3aroT cTebenb Ha OTpe3Ku JMHON 2-3 cMm. Crenuts,
9YTOOBI OTPE3KH HE CABMHYTH CO CBOMX MECT U HE CIIyTaTh UX Ouepe.-
HOCTb.
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N3 kaxxnoro oTpes3ka ¢ OJHOTO €ro KOHIA JENal0T MONEpPEYHbIN
TOHKHI Cpe3 M KJIaAyT Ha NMPEIMETHOE CTEKJIO, pacnoJiiarasi cpe3sl B Ta-
KOM K€ IMOpsIZIKe, Kak Jiexar oTpe3ku. Ilocie atoro cpesbl paccmarpu-
BaIOT IO/ MUKpPOCKONOM. HeoOXoanMO yCcTaHOBUTh, Ha KaKylO BBICOTY
MOJIHAJIACh BOJIa 3a BpeMs omnbita. OKpallleHHas BOJa Ha CBOEM IIyTH
OKpAaIllMBaeT CTEHKHU COCY/IOB, YTO OYEHb XOPOIIO IMPOCMATPUBAETCS
o MHUKpockonoMm. Kak TOnpkO Hamuid cpes, TIE COCyAbl €le He
OKpallleHbl, ONPENEIAIOT BBICOTY MOJHATHUS BOJIBI 32 BPEMs ONBITA U
BBIUHCIISIIOT CKOPOCTb IEPEABMKEHUS BOAbI 3a | yac.

UTo0Obl MOKa3aTh CKOPOCTh JABMXKEHHUS BOJIBI MO >KUBBIM KIIETKaM
KOpHSI, TAaKOW K€ OIBIT CIEAyeT NpojeiaTh ¢ pacTeHHeM (acoiu ¢
KOPHEBOM CHCTEMOM.

Jist aToro OepyT MUPOKUNA COCYH, HAJTMBAIOT OKPAIICHHBIA 303U~
HOM pacTBOpP, B KOTOPBII OIMYCKAIOT PACTEHUN TaK, YTOOBI HMKHSSA
yacTh KOpHs ObUIa MOIrpy’Ke€Ha B pacTBOp. PacTeHue NpUKPEIUISIOT Ha
ITaTUBE U OCTABJSIIOT Ha 30 MUH. 3aTeM NPOJENBIBAIOT BCE TO K€, YTO
U B [IEPBOM Cllydae, pa3pe3aeTcsl CTEPKHEBOM KOpEeHb U cTebelb Ha OT-
PE3KHU.

CpaBHHUTH CKOPOCTH JBM)KCHHUSI BOJBI MO CTEOII0 K KOpHIO. Pe-
3yNbTaThl HAOMIOACHUI 3aMUCHIBAIOT B BUE TaOIHIIbL:

OOBeKTHI Bpems B MuHyTax Ckopoctb
1 [ 2 [ 3 | 4 [ 5] 30 IBVKCHUS
[TonHsATHE BOABI, CM BOJIbI, M/4ac
Crebenb -
Kopenb - - - - -

Marepuanbl u o6opyaoBanue: Pacrenus daconu (25-30 gHeB-
HBIE), PACTBOP 203MHA, JIE3BUS, MUKPOCKOIIBI, CTEKJIa IIPEIMETHBIE,
crexna(5x15 cm), mrartus ¢ npodupkamu, yamku [letpu.

Padora 6. HabGsiio1eHue 3a IBHKEHHEM YCTHHI
VY 3aMBIKaIONMX KIETOK YCTBHHI] CTEHKH, MPUJIETAIONINE K yCTh-
I/I'-IHOI\/'I Iejy, YTOJ'IH_IGHI)I, a Hapy>KHBIe CTCHKU TOHBIIIC. HCOJII/IHaKOBaSI
TOJIIIIUHA CTEHOK 3aMBIKAIOIINX KJIETOK MPUBOJUT K TOMY, UYTO MPHU HU3-
MEHEHUH Typropa 3aMbIKarOIINe KIETKU CIIOCOOHBI MEHATH POpMYy, OT-
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KpbIBasi WM 3aKpbIBas IPU 3TOM YCThUYHYIO IIeib. CleqoBaTeNbHO,
CTENEeHb HACBIIIECHUS KJIETOK BOJIOI OKa3bIBa€T OYEHb OOJIBIIOE BIIHS-
HUE Ha JIBI)KEHUE YCTHHII. Pa3innyaroT TpH TUIA YCTHHUYHBIX JIBUKCHUN:
THIPONIACCUBHBIC, TUAPOAKTUBHBIE, (HDOTOAKTHBHBIC. | MaponaccuBHBIE
JBWO)KEHUS 3aKphIBAaHUS CBSA3AaHbBI C HACHIILIEHHEM BOJOW KIJIETOK, KOTO-
pbIe OKPYXKAIOT ycThHIA. [ MIPOAKTUBHBIE 3aKPBIBAHUS YCTHUIL CBSI3aHBI
C YBEIMYEHUEM B CaMHUX KJIETKaX YCTHHI] BOJHOTO Je(pUIUTA U C TO-
BBIIIIEHHEM B HUX COepx»aHus aOCIHU30BON KHCIOTHI, KOTOpas MoJiaB-
nsieT pabory H+ -HacocoB Ha mMemOpaHaxX 3aMbBIKAIOIIAX KJIETOK. JTO
MPUBOJUT K CHIXKEHHUIO TYPropa 3aMbIKaloIIUX KJIETOK U, CJe10BaTeb-
HO, 3aKpPBIBaHUIO YCTHhHI. DOTOAKTUBHOE OTKPHIBAHUE YCTHHI] COCTOHUT
B YBEJIMUEHUU IIMPUHBI YCTHUUHON €I MPU MOBBIIICHUH UHTCHCHUB-
HOCTH OCBEIIeHUS (TJIaBHAs POJIb MPH TOM OTBOJIUTCS] CHHEMY IIBETY).

Heuan padorel. Habmogath 3a yCTBUYHBIMH JBHKEHUSIMU B BOJIE
Y pacTBOpE TIIUIEpUHA.

Xoa padorsl. [IpuroToBUTH HECKOJIBKO CPE30B HUIKHETO 3MUIEP-
MHCa JIUCTA U TIOMECTUTh UX Ha 2 4 B 5%-HbI pacTBOp TIIMIICPUHA.
['muuepuH MpoHUKAET B BaKyOJIHM 3aMBIKAOIIUX KJIETOK, MOHUKAET HX
BOJIHBIN TIOTEHIIHAN H, CJIEJ0BATEIBHO, MOBBIIIAET UX CIIOCOOHOCTH IO-
rnomarsk Bogy. Cpes3bl NMOMELIAI0T Ha MPEIMETHOE CTEKJIO B TOM XKe
pacTBope, 0TMEUa0T COCTOSIHUE KIJIETOK U 3apUCOBBIBAIOT UX (pHC.1.)
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3aMeHUTh MIMLEPUH Ha BOJY, OTTATUBAs U3-TI0J] CTEKJIA (GHIBTPO-
BaJIbHOW Oymaroii. [1pu 3ToM 10DKHO HAOMI0MAaThCSI OTKPHIBAHUE YCTh-
nuHbIX wweneu. [Ipenapat 3apucoBars. 3amMeHuTh Bony 20%-HbIM pac-
TBOpOM Tnuiepuna wiu 1 M pactBopoMm caxapossl. [Ipu sTom nomxHO
HaOJII0AAaTHCS 3aKPBIBAHUE YCTHUII.

3apucoBaTh yCThHUIIA B BOJIE U BOJHBIX PacTBOpax IIMlepHHa (ca-
Xxapo3bl). B BEIBOZAaxX 0OBSACHUTH MPUUNHY YCTHUYHBIX JABHKCHHA.

Martepuannl u odopynoBanue. Pactops! riuuepuna (5%-Hblii u
20%-nb1ii nu 1 M pacTBOp caxapo3bl); MUKPOCKOIIBI; TIOKPOBHBIE U
MpeIMeTHBIE CTeKJIa; PUIbTpOBalIbHAsL OyMara; OIOKC; JINCThsl KOMHAT-
HBIX pacTeHUH (BUJ yKa3bIBa€T MPENOJaBaTeb).
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Tema 5. MUHEPAJIbHOE ITHTAHUE PACTEHHUH

Bce mporecchl KuU3HENEATENBHOCTH, B TOM uucie (OTOCUHTES,
HEBO3MOXXHBI 0€3 y4acThsi MHHEPAIbHBIX BEIIECTB, U3BICKACMBIX pac-
TEHUSMHU U3 MOYBBL. MUHEpaIbHbIe BEUIECTBA HEMOCPEICTBEHHO BIIHS-
0T Ha COCTOSIHHME MPOTOIUIACTa PACTUTENIbHBIX KIJIETOK, y4aCTBYIOT B
(epMEHTAaTUBHBIX PEaKIUsiX, UIPAIOT POJIb B U3MEHEHUU Typropa H
MIPOHUIIAEMOCTH LIUTOIUIA3Mbl, CIY>KaT [EHTPAMH 3IEKTPUUECKUX SIBIIE-
HUN B pacTUTENbHOM opranusme. [103TOMy HHTEHCUBHOCTH pOCTa pac-
TEHUH, a CJIeIOBATEIILHO, U YPOKANHOCTh C/X KYJIBTYp, B 3HAYUTEILHOM
CTETIeHU ONPEENIIETCs YCIOBUSIMHU OYBEHHOTO MUTAHUS.

[TornorurenpHasi CIOCOOHOCTh KOPHSI 3aBUCHUT KaK OT CTEIECHH
€ro pa3BUTHS, TaK U OT (OPMBI COJACPIKAIIUXCS B TIOYBE FJIEMEHTOB IH-
TaHMs ¥ YCIIOBUM OKpyXKaromel cpeasl. [Iporecc mornomenys BemecTs
YCIOBHO JenuTcs Ha JBe (a3wl — a3y aacopOuuu MOHOB MOBEPXHO-
CThIO IHMTOIUIA3MATHYECKON MEMOpaHbl W KJIETOYHOW CTCHKH W a3y
MIPOHUKHOBEHHUSI MOHOB 4epe3 IaazMaiemMmy. KopeHb sBiseTcs MeTo-
JIOM CHHTE3a psijia GUTOTOPMOHOB, (HOCHOPHBIX FIPUPOB TPHO3 U TEKCO3,
BEIIECTB BTOPUYHOTO MPOUCXOXKICHUS.

OCHOBHBIE 3JIEMEHTHI MUTaHUs — a30T, (hochop U KaInii 3aMETHO
BIUSIIOT HAa BHEIIHUN OOJMK, TEMIIBI POCTa W Pa3BUTHs PACTEHUH, T.e.
urparoT GopMooOpa3yoIIyI0 poiib. A30T, B YACTHOCTU, UMEET YPE3BHI-
YJaifHO OOMbIIIOe 3HAYEHUE B KU3HU PACTEHHN — OH SIBISETCS 00s3a-
TEITLHBIM KOMIIOHEHTOM aMUHOKHCIJIOT M O€JIKOB, XJopoduiia, HyKIe-
WHOBBIX KHCJIOT, MHOTHX (DEpMEHTOB, BUTaMHUHOB, (PUTOTOPMOHOB U
IPYTUX KU3HEHHO BAXHBIX coequHeHui. JIroOble ymoOpeHus, couep-
Kallue a3oT, - OPraHWYeCKUe WM MUHEpalbHbIe, B MOYBE IpeBpalia-
IOTCSI B OCHOBHOM B HHUTpAaThl. PacTBOpEHHBIE HUTPATHI BOCCTAHABIIH-
BAIOTCSl B PACTEHUH /10 aMMOHHSI U BKIIIOUAIOTCS B COCTaB OpraHuye-
ckux coeauHeHui. [Ipu upe3amMepHOM yBEITUYCHUHU YIOOPEHUSIMHU pacTe-
HUS HE CHPABISIOTCSA C a30THBIM MUTAaHUEM M HUTPATHI HE HAKallMBa-
I0TCSl B HUX. M30BITOK HUTPATOB B paCTUTEIHLHON MPOIYKIIMHA TOKCHYE-
CKM BO3JICUCTBYIOT Ha OpPraHHM3M YEJOBEKa WJIM XUBOTHOTO, YIOTpeE-
OMBIIIETO ITH MPOAYKTHI B TUILY. [IOBBIIIIEHHOE COAECp)KAaHNE HUTPATOB
OTPULIATENILHO CKa3bIBAETCS M HA COXPAHHOCTU CAMHUX PACTUTEIbHBIX
MPOTYKTOB.
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B nporecce pocta u pa3BUTHSI MEHSIETCS TIOTPEOHOCTh pacTEHUIl B
KaX/I0M M3 3JIEMEHTOB nUTaHus. HampuMep, Ha paHHUX 3Tamnax OHTOre-
He3a /Il MHTEHCHBHOTO (OPMHUPOBAHUS aCCUMHIMPYIOIIUX OPIraHOB
pacTeHHI0 HeoOXO0AMMO OoJIblle a30Ta U Kajlus, a K Hayally 3aKJIaJKH
PENPOIYKTUBHBIX OpPraHoB — Oosblie ¢ochopa, UYTO CBA3AHO MPEKIE
BCEr0 C yCHJIEHHEM sHeprermdeckoro oomena. Ilocpencrsom peryns-
UM MUHEPAJIHHOTO MUTAHUS MOXHO CYIIECTBEHHO BIHATH HA HACTYII-
JICHHE CPOKOB LIBETE€HUS M IIJIOJOHOLICHMs, aKTUBHOCTh OOpa30BaHUs
BEreTaTUBHOM Macchl, 0Opa30BaHUE JKEHCKUX M MY)KCKHUX IIBETKOB Y
pacteHuil. Bce 310 ciiegyeT yuuThIBaTh NpU UCIOJIB30BAHUM MHTEHCHB-
HBIX TEXHOJIOI'UH.

PaGora 1. Bausinue oTAe/IbHBIX 3JIEMEHTOB
MUTATEJbHON CMECH HA POCT PACTCHU U

Uckmouenue mo00ro u3 Makpo- ¥ MUKPOIIIEMEHTOB MIPUBOAUT K
paccTpoicTBY CTPYKTYp U 0OMEHa BEUIECTB PACTEHUM, TOPMOKEHHIO HX
pocrta u B mocienyromem - K rudenn. OTHAaKO BUIUMEBIC TTOBPEKICHUS
MPOSBIISAIOTCA HE Cpa3y U He ogHOoBpeMeHHO. Haunbonee ObICTpO CKa3bI-
BAETCSl UCKJIIOUEHHUE a30Ta U KaJbIMsl: IEPBOTO U3-3a HECIIOCOOHOCTH K
MOBTOPHOMY HCIOJB30BaHUIO WU peyTuinszanuu. K Hepeyrumusupye-
MBIM WUJIU TPYAHO YTHUIU3UPYEMBIM MUHEPATbHBIM 3JIEMEHTaM OTHOCST-
Csl MHOTHE MHUKPOIJIEMEHTHI, KpoMe Oopa, celeHa, MbIIIbsIKa, BEICOKON
CTENEHbIO PEYTWIM3allUM OTJIMYATCs a3oT, (ocdop, cepa, Kaaui,
HAaTpUM, B MEHbIIEH CTeneHu — MarHui. IloaTomy HemocraTok mepe-
YUCJICHHBIX 3JIEMEHTOB TPOSBIAETCS B JJIUTEIBHBIX ONbITax (Oosee
JIBYX HEJIETb).

Xoa padotbl. PaboTy npoBoasT B onpeneneHHoM miiane. [lopic-
KHBAIOT CTEKJISIHHBIE COCYBI, TIIATEIbHO MOIOT, MOHTUPYIOT U MOAOH-
paroT COOTBETCTBYIOIIME KPBILIKU JUIsl cOCYAOB. OnpenensoT KayecTBO
MIOCEBHOTO Marepuaia, a TaKXKe TOTOBAT MHUTATEIbHBIE PACTBOPHI AJIS
BOJHBIX KYJIBTYp. B KauecTBe mUTaTEIPHOM CMECH JIJIsl BOJHBIX KYJIBTYP
HCIIONB3YIOT MIMPOKO MPUMEHSAEMYIO MUTATENbHYI0 cMech KHoma.

B Tom ciywae, ecinm HY)XHO HCKJIIOYUTH OTACIBHBIC DJIEMEHTHI,
HarpuMmep:

1) u3 cmecu uckmouuth Kamud, T0 coab KH2PO4 3amensior
NaH2PO4+H20, a cons KC1 3amenstor NaCl;

2) emech ¢ uckmoueHueM pochopa: KH2PO4 3amensror KCl1,;
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3) cmech ¢ uckmoueHueM azora: Ca(NOz)2 3amensror CaS04.2H20.

IHosHbIi nuTaTEAbHBIH pacTBOp KHona

Hassanue couneit

Xumuyeckas popmyna

HalnsomeiBT

A3BOTHOKHCIIBIN KaILIIUHA
Kamnii pocdopHokucbIii
CepHOKHUCIBIN MarHuii
XJIOpUCTHIN KAt
XIJIOpHOE KEIE30

Ca(NO3)2
KH2PO4
MgS04.7H20
KCI
Fe,CLls

1.00
0.25
0.25
0.125
0.125

Takum 00pa3oM, 3aKiIajgKa ONbITa COCTOMT B MPUTOTOBICHUU ITH-
TaTeNbHBIX CMECEH, I0CaJAKN PACTeHUN B OaHKH WU CTEKJISIHHBIE COCY-
nbl. [loaroToBiieHHbIE TIPOPOCTKU BBICAKUBAIOT B CHELHAIbHBIE OTBEP-
CTUS NIPUCHOCOOTEHHOW AN 3TOW ILEeTH IMOJUATUICHOBOW KPBIIIKH,
YKpeIisAs UX KyCOYKaMU HEerurpockonudeckoi Biaaru. CMOHTHpOBaH-
HOW TakUM 00pa3oM KpBIIIKON 3aKpbIBAlOT OAHKY, MOTPY3UB IPU 3TOM
KOPHM pacTeHMH B MUTATENbHbIN pacTBOp(puc.l.).

Bo3ayx

I'lpopocTok
KYKYPY3bl

- TIlpobka

Crexk/IaHHbIiT
LWHAHHAD

| ITuraTenbHBIR
pacTBOp

Puc.1. IIpopocTok B IMJIMH/IPE C MUTATEJbHBIM PACTBOPOM

3areM, UMHUTHUPYsSI NOYBEHHBIE YCIIOBHS, 3aKPbIBAIOT KOPHU OT
cBeTa, 00epHyB 0aHKy HENPOHHMIIAEMBIM YEPHBIM OyMa)KHBIM UYEXJIOM.
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CHapyxu 0aHKy 00Opa4HMBAIOT, JUCTOM O€loi Oymaru, 3aKperuB €ro
TOHKHM IITIaraToM U 0003HAYMB Ha HEM BapHAHT OIbITA, ()aMIIIUU CTY-
JICHTOB, TOCTABUBIINX OIMBIT, U HOMEP y4eOHOU IPyIIIIBI.

banku ¢ pacTBOpamu CTaBAT Ha XOPOIIIO OCBEIIEHHOE MECTO U Be-
YT 3a HUMH CHCTEMAaTHYCeCKHE HAOIOJCHUS. PexoMeHayeTcs mnepuo-
JMYECKU TIPOYBATh PACTBOPHI C TIOMOIIBIO PE3UHOBOM TPYIIN U 110 Me-
pe HaJOOHOCTH J0JIMBATh TUCTUILITMPOBAHHYO Body. Uepes 2-3 Henmenu
MPOBOJAT y4eT Pe3yJbTaTOB OMbITA. [loNydYeHHBbIE JaHHBIC 3aHOCST B
TaOJUILY, aHATU3UPYIOT, ICIAI0T BBIBOIBI.

Martepuannsl u odopyaoBanme: 10-71HEBHBIE MPOPOCTKH 3JaKO-
BBIX PacTEHHUH, PEaKTUBbI, MEPHbIE LIMJIUHAPHI Ha 1 JI, BECHl TEXHHUYE-
CKHE, CTaKaHbl XMMUYECKHE, CTEKIITHHbIC OaHku Ha 0.5 muTpa, MaTepu-
all i1 4€XJIOB, TOHKHUH mrmarar, CTEKIAHHBIC IIaJIOYKH H TPY60'-IKI/I,
TPYIIN JUIS TPOAYBaHMsI PACTBOPOB, TUCTUILTUPOBAHHAS BOJIA.

Pabora 2. AHTAaroHM3M HOHOB

Cwmsryaromiee BIMSHUE, OKa3bIBAEMOE OJHUM KaTHOHOM Ha JeH-
CTBHUE JIPYroro KaTHOHA, HA3bIBAIOT AHMASOHUIMOM UOHOE. AHTArOHU3M
MOHOB TIPOSBIISICTCS KaK MEXy Pa3HBIMH MOHAMHU OJHON BaJICHTHOCTH
(mampumep, Na+u K+), Tak u Mexay HMOHAMU pPa3HON BAJIEHTHOCTU
(K+ u Ca2+). Xoa padotbl. B 4 3anymepoBannbie yamku [letpu yxia-
JBIBAIOT KPYXKKU (PUIIBTPOBAIIbHOM OyMaru M packiaaplBalOT Ha HUX 1O
20 HaKJTIOHYBIIMXCS 3€pEH stTuMeHst (puc.1.).

P

Puc.1. Yamxka IleTpu ¢ HAKJIIOHYBIIUMHCH CeMEHAMH MIIIEHUIbI
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B nepByro yvamky Ilerpu nanusator 15 mu 0.12 1 pactBopa KCl,
Bo BTOpyto — 15 M1 CaCly, B Tpetbto — 13 mur KCI + CaCly, B ueTBepTyIo
— 15 mn guctunMpoBaHHON BOAbI. Bee yamiku 3akpbpIBalOT U CTaBAT B
TeMHBIN IIKad Mpu KOMHATHOW TeMIieparype Ha Henemto. Yepes 2-3 mHs
Yallkl PEKOMEHJYETCsl OTKPBITh M NMPOBETPUTH. Uepes Heneno usme-
PSIOT AJIMHY BCEX KOPEUIKOB, 0000IIAI0T Pe3yabTaThl, AENAI0T BHIBOIBI.

Marepuanbl U 000pyaOBaHUE: PACTBOPHI XUMHUYECKH YHCTBIX
coJiell, HAKJIIOHYBIIUECS 3epHa SUMeHs, yaiku [letpu, nuHner, gpuis-
TpoBasbHas Oymara, JTMHEHKa, BOCKOBOW KapaH IaIll.

PaGoTa 3. ®u3M0J10rnYecKy KHCJIble U 1eJ04YHbIe COJIH

Dusuonozuyecku KucavlMu Ha3blBAlOT COJIM, U3 KOTOPBIX PACTEHMS B
OCHOBHOM YyCBaWBAaIOT KaTHOHBI, & aHUOHBI, KOTOPBIE OCTAIOTCS B pac-
TBOPE, MOJAKHUCIISIOT IOYBEHHBIIO CPELY.

Du3zuonocuyecku wenrouHblMY Ha3bIBalOT COJIM, U3 KOTOPBIX PACTEHUS
YCBaMBaIOT MPEUMYIIECTBEHHO aHMOHbI, & KaTHOHBI, OCTAlOTCSA B pac-
TBOpE, NOJLIENIAYNBAIOT TPYHTOBYIO CpEAYy.

Xoa pabortbl. B onny npobupky HanuBaroT pactBop NaNoz, a B
apyryto - pactBop NH4Cl (mpumepro mo 18 mir). Onpenenistor Hexo/1-
Hyto pH pacTBopa ¢ HOMOIIBIO YHUBEPCAILHOIO HHAUKATOPa. Bhicaxu-
BAaIOT B KXY MPOOHUPKY 10 3-4 MPOPOCTKA, 3aKPETuisisi X BaTHOU
npookoi. Kaxayro nmpoOupKy MOKpHIBAIOT 4epHOM Oymaroif, yToObl
MPEOXPaHUTh PACTBOP U KOPHHU PACTEHUH OT JICHCTBHS CBETA, a CBEPXY
00epTHIBAIOT JTUCTOM Oenoi OyMaru, COOTBETCTBEHHO 3THUKETHPOBAaH-
HOM (Ha3BaHue conu, (hamMuauu, HoMep rpynmnsl). Bee mpoOupku craBst
B IITATUB U pa3MeEIalOT Ha XOPOILO OCBelleHHOM MecTe. Yepes 1-2 He-
JIeJId BHOBB OTIpeeNsitoT BennunHy pH pacTBopa, AenaroT BEIBOJIBL.

Matepuajibl 1 000pyAOBaHHe: TPOPOCTKH SUYMEHS WIM MIIEHU-
b1, pactBopbl NaNos u NH4Cl (o 0.2 r Ha 1), nmpoOupkwu, Bara, TeM-
Has Oymara, ¢apdopoBasi yamika, yHUBEpCaIbHbI MHIUKATOP, TOHKUNA
[irarar.

Padora 4. Onpenesnenne cogep:kaHusi HUITPATOB B PACTEHUHU
M Pa3JIM4HBIX €ro opraHax
Omnpenenenue copepkaHUusl HUTPATOB B COKE, OTXKATOM U3 CTeO-
JeH, YEpEeIKOB U IUIACTUHOK JIMCTA, IO3BOJISIET CYAUTh O BOCCTAHOBJIE-
HHUHW HUTPATOB B KOPHAX: YEM MCHBIIIC B HUX 06H3py>KI/IBaeTC5I HUTpAT-
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MOHOB, TEM aKTHUBHEE IMPOUCXOAMUT 3TOT MpoLecc B kieTkax KopHs. Co-
MOCTaBJIEHUE COJAEPKAHMUSI HUTPATOB B Pa3IMUHBIX OpPraHax pPacTeHHUs,
HampuMep, B YEpellKax, IUIACTHHKAaX JIMCTa, KOPHAX, JaeT Mpen-
CTaBJICHHE O HUTPATPEAYKTa3HOW aKTUBHOCTH STUX OPTaHOB.

Xoa pabotbl. Kycouek uepernika U JIMCTOBOM IUIACTUHKHU HCCIIE-
IyeMOro pacTeHus pa3MuHaOT B (apdopoBoil ctynke. OnHY Karuiro
COKa, MOJIyYEHHOTO MPH PACTUPAHUU KKIAOTO KyCOUKa TKaHW, CMEIIH-
BalOT C Karuieh qudeHnmnaMuta B cepHoii kucnote. [Ipu Hannumm B TKa-
HSIX PAcTEHHUs HUTPATOB HAOIIOJAETCs MOCHHEHHe NaHHOU cmecu. Cy-
IIECTBYET KOPPEISATHBHAS 3aBHCHUMOCTh MEXJY WHTEHCHUBHOCTHIO IIO-
CHHEHHUS U KOJIMYECTBOM HHUTPATOB B TKaHAX. Mccnenyror 2-3 pas3HbIX
pacTeHust WIK OJHO pacTeHHE, BBIPAIIEHHOE B PA3HBIX YCIOBUAX BOJI-
HOTO peXHMa, MUHEPAIbHOTO NHUTAHUS, UHTCHCUBHOCTH OCBELICHHUS H
T.1.

Matepuaibl U 000pyJAOBaHHe: DPACTCHHSA, PACTBOpP IUPEHHII-
aMHHa B CepHOU kucnote, ¢papdopoBas CTyIKa, CTCKISIHHAs MalovKa,
dapdopoBast IacTHHKA, PHIIBTPOBANIbHAS Oymara, Je3Busl.

Pabora S. MUKpOXMMHUYECKHIl aHAJIH3 30J1bI

B pa3nuuHbIX opraHax pacTeHHM COJEPKUTCS pa3HOE KOJIU4e-
CTBO AJIEMEHTOB MUHEPAIBHOTO NHUTaHUs: B TUCThAX — 10 — 15 %, B ce-
MeHax — 0koJo 3 %, B ApeBecrHe — 0K0JIO 1 %. DTO CBSA3aHO B MEPBYIO
oyepesb C OTIMYUSIMHU B METa0OIMUYECKOW aKTUBHOCTH PA3UYHBIX TH-
noB TkaHed. Ha conepxaHne MHUHEpaJIbHBIX 3JEMEHTOB TAaK)Ke OKa3bl-
BaeT BJIIMSHHE COCTAB U BIAXXHOCTh MOYB, BUJI0BbIE OCOOEHHOCTH, BIIM-
SIOIKE Ha MOIJIOIIEHUE COJIEH, BO3PACT PACTCHUM.

MUKpPOXUMUYECKUH aHAJIM3 TMO3BOJSET YCTAHOBUTH KOJIMYE-
CTBEHHBIE U Kau€CTBEHHbIE OTJIIMYHUS COCTaBA 30JIbl Pa3HBIX OpraHoB. B
€ro OCHOBE JIEKUT CHOCOOHOCTh HEKOTOPBIX PEAKTHBOB MPU B3aUMO-
JEWCTBUU C 30JIbHBIMU 3JIEMEHTaMHU JIaBaTh COEAMHEHUs, OTINYAOIIHe-
cs1 cenuduaeckoil OKkpackoi uiu (opMoil KpUCTAILIIOB (puc. 9).

Xoa pabotsl. Haceimbre B mpoOupKy HEOOJBIIOE KOJIUYECTBO
neruia u 3aneire ero 4-kpatHsiM o0bemMoM 10 %-ro pacTBopa CONsTHOU
KUCHOTHL. OTQUIBTPYHTE MOJYyYEHHBIM pacTBOp 4epe3 CKIaa4aThiid

buIbTp.
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Puc. 9. Tummaasle GOPMEI KPHCTAIIOE:
A) cvredaTa KaabLHA;
B) docdopHOaAMMHEAITHOMATHE SHIHOH COMH;
B) XHCT0r0 BHHHOKHCIOTO KaJlHA;
T') docdopHOMOIHGIEHOBOKHCIOTO aMMOHHA

[ToryueHHBIH (QUIBTPAT UCMONB3YHUTE ISl KAYECTBEHHOI'O aHaiu3a
Ha HaJM4YMe MOHOB KajMs, KaJbIHs, cepbl, pochopa, MarHus, xenesa.
Jlist 3TOrO HA MpEeAMETHOE CTEKIIO Ha paccrosiHuu 0,5 cM Apyr oT apyra
HaHEeCUTE Karuio (GUiIbTpaTa U KaIull0 peakTHBa HAa COOTBETCTBYIOLIHMMA
noH (cMm. HIke). Kaxnaprii peakTHB HAHOCHUTE OTACIBHOW CTEKJISTHHOU
najno4Ykoi miu nuneTko. CoeMHNTE 3TU KaIuld ¢ MOMOUIbIO CTEKJISH-
HOU MaJouku AyrooOpa3HbM KaHaioM. Yepe3 15 mMuH paccMoTpute mo-
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JYYCHHBIC Mpernaparbl M0J MUKPOCKOIIOM Ha MajioM yBeiauueHuu. OTt-
MeTbTe (OPMY M OKpacKy HaOII0AaeMbIX KPHCTAJUIOB. Pe3ynbTarhl 3a-
MUIIATE B TAOHUILY.

MuKpoOXMMHYECKHI aHAJIH3 30JIbI PACTEHH I

OOGHapyKUBaeMbIii PeaxktuB [Tonyuennq ®opma
AJIEMEHT (popmyna, KOHIIEH-| BEIIECTBO [KPUCTAIIIOB
Tpaus) (bopmymna) | (pucyHOK)

Peaktus Ha wonbl K': 1 %-ii pacTBOp KHCIIOrO BHUHHOKHCIIOIO
HaTpHsl.

HOOC-CHOH-CHOH-COONa + KClI - HCOO-CHOH-CHOH-COOK + NACI

Kpucramiel KHCIOr0O BHHHOKHCIIOTO KalMsi MMEIOT BHJ KPYITHBIX
MIPHU3M.

PeaxtuB Ha nousl Ca*: 1 %-it pacTBOp cepHOii KMCIOTHL B pesyiis-
tate peakiun CaCl, + H2S04 — CaSos + 2HCI  0Opa3syercs ruric, KOTo-
pBIil UMEET BUJ MIOJIBYATHIX KPHCTAJUIOB M MYYKOB HUTOJIBYATBHIX KPH-
CTaJUIOB.

PeaktuB Ha noHEl Mg?*: 1 %-ii pacTBOp HOCHOPHOKHCIOTO HATPHSL.
Jlist IpOBEICHHST ATON PEaKIK MOTYICHHYIO BBITSDKKY TPEIBAPUTEIh-
HO HEHUTpATM3yIOT aMMHAKOM. [ 5TOro B KaIUTIO BBITSKKH BHECHUTE
karmo 10 %-it aMMuadyHON BOJBI U TOJIBKO IOCIE 3TOTO HAHECUTE Ha
MPEeIMETHOE CTEKJIO HEOOXOIMMBIM peakTuB. Peakius uner mo ciemy-
IOIIEMY YpaBHEHHIO:

MgCl, + Na2HPO4 + NHz — NHsMgPO4 + 2NaCl.

Kpucramnsl docpopHoaMMrayHOMarHe3uaibHONH COMM HUMEIOT BUJ
SIIIIUKOB, KPBILLIEK, 3B€3/1 UJIU KPbLUIbEB.

PeakTu Ha noHsl PO4%": 1 %-it MmommbaaT aMMoHus B 15 %-ii a30T1-
HOM kuciore. [Ipu 3ToM 00pazyeTcst 3eTeHO-KENThIN KPUCTATTHUECKUN
ocasiok (GochopHO-MOINOIEHOBOKHUCIOTO aMMOHUS, KOTOPBIA CO Bpe-
MeHeM IpuodpeTaeT Bce 601ee MHTEHCUBHYIO 3€JICHYI0 OKpPacKy:
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HsPO4 + 12(NH4)2MOO4 + 21HNO3; — (NH4)3PO4 x [2MoQO4 + 21INH4NO3 + 12H,0

PeakTuB Ha noHsl Fe3*: xenras kpoBsHas comb. B pesynbTare 37O
peakiuu oOpasyercs OeparHCKas J1a3yphb (Toiay0oe OKpalluBaHKe):

4FeCls + 3K4[Fe(CN)s] — Fes[F CN)e]s + 12KCI

Peaxtus Ha SOs%: 1 %-ii pacTBOp a30THOKMCIIOTO CTpoHIMS. Peak-
1S UAET M0 YPaBHEHHUIO:

Na2SO4 + Sr(NO3)2 — SrSO4 + 2NaNOs

OO0pa3yroTcst MEJKHE 3aKpYTJICHHbIE KPUCTAJUIBI, Yalle B BUAEC MHO-

TOrPaHHBIX TUIACTHH.

Crenaiite BbIBOJ O HaJIM4YUK OOHApYKEHHBIX 3JIEMEHTOB U YKAKUTE
MIPUYMHBI pa3iIndHoro cojepxanus IMII B opranax pacTeHuii.

Martepuanbl u obopyaoBanme. J[peBecHbIN memen, 30J1a, MOJydeH-
Has IPU CKUTAHUU JIMCTHEB JPEBECHBIX pacteHuid, 10 %-it pactBop co-
JHOM KucnoThl, 1 %-il pacTBOp KUCIOr0 BUHHOKHUCIIOrO Hatpus, 1 %-it
pacTtBop cepHOi KHCIOTHI, 1 %-it pacTBOp (hochOopHOKUCIOrO HATPHS,
10 %-i pacTBop aMmmMuadHOi BOIbI, 1 %-if MmomubOaaT ammonus B 15 %-
11 a30THOM KHUCIOTE, )KeNTasi KpoBAHAs CoJib, 1 %-i1 pacTBOp a30THOKHC-
JIOTO CTPOHLMS, XUMUYEcKasl MpoOupka (2 IIT.), CTEKISIHHAsE BOPOHKA
Manasi, mpeAMeTHbIe cTekia (6 MT.), CTEeKIsSHHBbIe TpyOouku (7 mmIT.),
CTEKJISIHHBbIE TMajoyku (6 mrT.) unpTpoBaibHas Oymara, OyMaKHBII
GbuIbTp, MIMATeNh METANINYECKUI, HOKHUIIBI, IITATHB IS TPOOHPOK,
CHUPTOBKA, MUKpockor «buonam 70-Py.

Padora 6. luarnocruka 3a00/1eBaHNl PACTEHUH NIPH roJ101a-
HHH 110 JIEMEHTAM MHHEPAJIbHOI0 MUTAHUSA

Pacno3naBaHne NpU3HAKOB T'OJIOAAHUS PACTEHUH, BBI3BIBAEMBIX
HEJIOCTATKOM 3JIEMEHTOB MHHEPAJIbHOIO NHUTAHMUs KpalHE BaXXHO IS
yCTpaHEHUS MPU3HAKOB 3a00JIeBaHUs IIyTEM CBOEBPEMEHHOM MOJKOPM-
ki. CHUMNTOMBI HEJOCTaTOYHOCTH MHUHEPAIBHOIO NMHUTAHUSA PACTEHUMH
MOHO pa3/IeIUTh Ha JBE TPYIIIbL:

Ilepeyto epynny COCTaBIISIIOT TJIaBHBIM 00pa3oM CHUMITOMBI, IPO-
SIBJISIFOLIMECS. HA CTaphIX JINCThSIX pacTeHHs. K HUM OTHOCATCS CUMITO-
MBI HeJoCTaTKa a3oTa, (ocdopa, kanus, HuHKAa U MarHui. O4YeBUAHO,
IIPY HEJOCTAaTKE B MMOYBE YKA3aHHBIX 3JIEMEHTOB OHU MEPEMEIIAIOTCS B
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pacteHuH U3 O6osiee CTaphIX YacTeil B MOJIOIbIE PACTYIIHE YaCTH, Ha KO-
TOPBIX HE Pa3BUBAIOTCS MPU3HAKU TOIOJAHMUS.

Bmopyto epynny cocTaBisiiOT CUMITOMBI, TPOSBISIOIIUECS B TOU-
Kax pocTa U Ha MOJIOJBIX JUCThAX. CHMITOMBI 3TOW TPYIIIBI XapaKkTep-
HBI JUISI HEOCTaTKa KajblMs, Oopa, cephl, )Kee3a, MeId U MapraHiia.
[Ipucrynas x onpeneneHuI0 NPUYMHBI HAPYIICHUS MUTAaHUS PACTCHUH,
CIIEYET MpEeXk/Ie BCero oOpaTuTh BHUMaHUE HA TO, B KAKOW 4acTH pac-
TEHUSl MPOSBISIOTCS aHOMAJIMU, ONpENEINsisi, TaKUM 00pa3oM, Tpymnmy
cuMnToMoB. CUMNOTOMBI nep8oul epynnsl, KOTOPbIE OOHAPYKUBAIOTCS
TJIaBHBIM 00pa30M Ha CTapbIX JHUCTHSIX, MOTYT OBITH Pa30OMUTHI Ha JIBE
noArpynmnsl: 1) B OonblIel Wiy MEHbIIEH CTeTeHn o01Ie (HeI0CTaToOK
azota u (ocdopa); 2) JOKaIbHBIC — HOCAT MECTHBIN XapakTep (HeaocTa-
TOK MarHus, IMHKA U KaJIHs).

Bmopasa epynna cuMnToOMOB, TPOSBISIONIUXCS HA MOJOJBIX JIH-
CTOYKAX WJIM TOYKAX POCTA PACTEHHS, MOXKET OBITh pa30MTa HA TPH MO/~
TpYMIbl, KOTOPbIE XapaKTepU3YIOTCs: 1) MOsIBICHUEM XJIOp03a, WM T0-
Teper MOJIOIBIMH JUCThSIMHU 3€JICHOM OKpacku 0e3 mocienyromniei ruoe-
T BEPXYIICYHOW MOYKH, YTO YKa3bIBaeT Ha HEIOCTATOK JKeie3a, cephbl
00 Maprasia; 2) THOSIbI0 BEPXYIICYHON IMOYKH, COTPOBOXKIAONICH-
Csl IOTepeil ee JINCThIMU 3eJIEHOM OKpacKH, YTO YKa3bIBaeT Ha HEAOCTa-
TOK KaJIbLig 1100 Oopa; 3) NOCTOSTHHBIM YBSJJaHUEM BEPXHHX JIUCTHEB,
YTO YKa3bIBaeT Ha HEJOCTATOK MEJIH.

eanb padoThl: quarHocTuka 3a00JIEBAHUIN PACTEHUN TIPU TOJIO-
JAHWUH 110 dJIEMEHTaM MUHEPAIbHOTO MTUTAHUS

Xoa paboTtbl. 3apaHee coOuparoT OOIBHBIC JIUCThS U MIOBPEKICH-
Hble To0eru pa3nuuHbIX pacteHuil. [Ipum momomm mpenogaBaresis U ¢
HCIIOJIb30BAaHUEM HMEIOIINXCSA aTJIACOB, IMOCOOMH M TaOJHMIBI CTAaBIT
JMarHo3 3a00JeBaHUs PAaCTEHUH.

[Ipu3naku 3a601€BaHUl pacTeHUH MPHU TOJOJAHUH O AJIEMEHTaM
MUTaHUS

e g30ma — ONEMHO-3eNIeHass OKpacka HIDKHUX JIUCTHEB, JIUCThS MEJ-
KHe, crebenb TOHKMH, XPYNKHUH, MOXenTeHHe M MoOJIeTHEeHHEe JIMCTa
HAYMHAETCS C )KHWJIOK M TPWIETAOIINX K HUM 00JacTell, Ha JHcTe To-
KENTEeBIIUM OT HEJOCTaTKa a30Ta HEeT 3€JIEHBIX JKWJIOK; YCHIIUBATh
a30THOE TOJIOAaHNE MOTYT KHCIIBIE TIOYBHI.

e pocghopa — TeMHO-3€JeHas1, roay0oBaTasi OKpacka JMCThEB, 3aMe/l-
JSIETCS POCT, YCHUIIMBAETCS OTMHPAHHE JINCTHEB, 3aJIePKUBACTCS IIBETE-
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HUE U CO3PEBaHUE, NMPU CHILHOM TOJIOIAHUM TOSABISIOTCS Oypble WIN
KpacHO-Oypble MATHA MIPEBPAILAIOIINAECs B AbIPhI; Yallle BCEro BCTpeYa-
€TCsl Ha JIETKUX KUCJIBIX I10YBaX C MaJIbIM CO/IEp>KaHUEM OpTraHUKU.

e Kanus — TOXeNTeHne, 00ypeHue KOHYMKOB JIUCTA, 3aKpyYHMBaHUE
KpaeB JIMCTbEB K HU3Y, pa3BUBAeTCs Oypas MATHHCTOCTh, OCOOEHHO IO
Kpalo JIUCTA, JKUIKU KaXyTCs MOTPYKEHHBIMU B TKaHb JINCTA; IPU3HAKU
KaJIMHHOTO TOJIOAAHMSI SIPKO BBIPAXKEHBI HA CUJIBHOKMCIBIX IIOYBAX U
IIPU N30BITOYHOM BHECEHUH KaJIbLMs U MarHusl.

® MacHusi — OCBETIIEHUE JIUCTHEB, MEXK1Y KUJIKAMH MOSBIISIOTCS IIST-
Ha Oesoro, OJIEHO-XKENTOro LBeTa U3MEHEHHE OKPAaCKU B JKEITYIO,
KpacHyIo, (proJIeTOBYIO, MPH 3TOM >KWIKH U MPUIETAIOIIUE K HEMY Ya-
CTH OCTAlOTCs 3€JIEHOr0 L(BeTa, KOHYMK JIMCTa M Kpas 3arudarorcs,
MOPUIUHSAT, JIUCT IPUOOPETAET BBITHYTYIO (POpMY; SPKO MPOSIBISIETCS HA
JIETKUX KHUCIBIX I10YBAX U MPU U30BITOYHOM BHECEHUM KaJIMSL.

e Ka1byuss — HEKpo3 (OTMUpPaHKE) KpaeB JUCTHEB, BEPXYLLIEYHOHN 10U~
KM, KOpHEH, JIMCThSl XJIOPOTUYHBIE, NCKPUBIIEHHbIE, Kpas UX 3aKpy4Hu-
BAIOTCS KBEPXY, JIUCThS HEMPABWIBHOW (POPMBI, Kpast MOTYT UMETh Oy-
PYIO ONAJIEHHOCTh; Ae()UIIUT YacTO NMPH U30BITOUHOM BHECEHUH KaJlUs.

edicene3a — PABHOMEPHBIM XJIOPO3 MEXIY KWIKaMu, OJIeIHO-
3eJIeHas1, JKeJTasi OKpacKa JIMCTheB 0€3 OTMUPAHUS TKaHEH; yallle BCEero
BO3HUKAET MPHU U30BITOYHOM M3BECTKOBAHHMHU TOYBHI.

e 60pa — OTMUpPAHUE BEPXYIIEYHbIX MTOUYEK, KOPEIIKOB, JIUCTHEB, ONa-
JaHKe 3aBsi3el, MOJIOJIbIE JIUCThsI MEJKUE, OJeHbIE, CUIIBHO J1e(hOpMHU-
POBaHHBIE;

e Meou — 3aJiep>KKa pocTa, OTMUPAHHUE BEPXYILKH 1obdera, npolyx-
JieHne OOKOBBIX Mouek. JINCThs mecTphle, OJeHO-3€e/IeHble C KOPHUHE-
BBIMH IISITHAMU, BSJIbIE, YPOJUIUBBIE.

e Mapzanya — XJIOPO3 MEXIY KWIKAMH JIUCTa — Ha BEPXHUX JIH-
CTBSIX MEXAY JKUIKAMU TMOSBISAIOTCS KEJITOBATO-3€JI€HbIE WIN KENTO-
BaTO-KOPUYHEBBIE IISITHA, JKUJIKUA OCTAIOTCA 3€JIEHBIMM, YTO IMPHUAAET
JUCTYy TMECTphI BUA. B nmanpHeHnieM y4acTKH XJIOPO3HBIX TKaHEW OT-
MUPAIOT, TIPU 3TOM HOSABJISAIOTCS MATHA PA3TUYHON (POPMBI U OKpAaCKH.
[Ipu3naku HepOCTaTKa MOSBISAIOTCS MPEXKIE BCETO HA MOJIOJBIX JIHCTh-
X M B IIEPBYIO OYEpEab Y OCHOBAHUS JINCTHEB, @ HE HA KOHUMKAX, KaK
IIPU HEJJOCTATKE KaJusl.

e cepbl — 3aMeJUIeHUE pocTa cTebliell B TONIIMHY, B OJIeIHO-3€IeHON
OKpacke JMCTheB 0e3 oTmupaHusi TkaHed. [IpusHaku HempocTaTKa cepbl
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CXOJHBI C TMpH3HAKaMM HEIOCTaTKa a30Ta, MOSBISAIOTCS OHMU MPEexIIe
BCETO Ha MOJIOJBIX PACTECHUSIX.

* YuHKA — MEIIKHEe, CMOPIIECHHBIC, Y3KUE JIMCThS, KpamJaTble HU3-3a
MEXOKHIIKOBOTO XJIOPO3a, TOOETH TOHKHE, KOPOTKHE, XapaKTepHa «po-
3€TOYHOCTB», BETKH C KOPOTKHMHU MEKOY3IIUIMHU.

e MOUOOeHa — CTPYKTYPHBI KOMIIOHEHT dH3UMa ((hepMEHT), KOTO-
pBII CHM)KAaeT HUTPATHl K aMMHaKy. be3 3Toro cuHte3 6eIKoB 3a0JI0Ku-
pOBaH M pOCT pacTeHusi mpekpamaercs. CeMeHa HE MOTYT (HOPMUPO-
BaThCsI MOJIHOCTHIO, ¥ HEAOCTATOK a30Ta MOXKET MPOU3OUTH €CITH pacTe-
HUSIM HEJOCTaTOYHO MOJUOIeHa. MonOIeH — €IMHCTBCHHBI U3 MHK-
POAJIEMEHTOB, TOTJIONIEHHE KOTOPOTO YBEIMUYUBACTCSA C yBEIHMUYCHHEM
pH.

JlaHHBIC BHOCAT B TaOJHUITY.

YcTaHOBIIEHUE TUarHo3a 3a00JICBaHUs 110 IPU3HAKAM TOJIOIaHUS

pacTeHui
Bun pac- | Opran Omnucanne | Pucynok | Jluarnos | CriocoOsl
TeHus u | (mober, | MPU3HAKOB yCTpaHEHUs
MECTO JIUCT: roJ0JaHus 3a0osieBaHU
OOWTaHUs | BEPXHHIA,
HYDKHUI)

Martepuanbl 1 060py10BaHUe: aTiachl U KHUTH C WITOCTPALIU-
MU TPU3HAKOB TI'OJOAAHUsA, MperapoBaibHas WIJa, Jyna, OMHOKYIAP.
Pactenus: repOapHble TUCTBI OOJIBHBIX PACTEHHUM, CHMPTOBBIE Mpenapa-
ThI OPraHOB OOJIBHBIX PACTEHHH.

Tema 6. OBMEH U TPAHCIIOPT OPI'AHUHYECKHX
BEIHIECTB B PACTEHHAX

Obmen sewjecms — TIPOIIECC, TMOCTABISIONMIMN BCE HEOOXOIUMBIE
JUTS KU3HEIESATEIIbHOCTH OpraHu3Ma COeIMHEHUs, TaKxke sHepruto. OH
BKJIFOYACT Ol"pOMHOC KOJIMYCCTBO B3aNMMOCBA3AHHBIX (l)I/ISI/ILIeCKI/IX n XH-
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MUYECKHX PEaKIUi, LeJeHANpPaBICHHO MPOTEKAOMIMNX MPU Yy4aCTUU
(hepMeHTOB.

[lepBbIM MCTOYHHKOM OPTraHUYECKHUX BEIIECTB PACTCHUS SIBJISIOT-
Csl TIEpBUYHBIE CTAOMIIbHBIE MPOIYKTHI (poTOoCHHTE3a — (HPYKTO3a, TIIIO-
KO3a, caxapo3a, IIEpBUYHBIM Kpaxmall. Bce npyrue opraHudeckue co-
€IMHEHUSA CUHTE3UPYIOTCA U3 MPOMEXKYTOUYHBIX BEIIEeCTB, 00pa3yro-
LIUXCS TPU OKUCIICHUH YTJIEBOJOB B MPOIIECCE AbIXaHUS C MCIOIb30Ba-
HueMm sHeprud AT® U 31E€MEHTOB MUHEPAJIbHOIO MUTaHus. Peakiuun
OMOJIOTMYECKOTO CHHTE3a MPOTEKAIT MPH YYaCTUU CHeIH(PHISCKUX
(bepMeHTOB, XapaKTep IeUCTBUS KOTOPBIX 3aBUCHUT OT BHEIIHUX (PaKTO-
pOB (TemMmneparypsl, KUCIOTHOCTH, a’pallii, COJIEBOTO COCTaBa CPE/IbI),
a TaKkKe OT CBSI3U (PePMEHTA C [IUTOIUIA3MATHUYECKUMU CTPYKTYPaMHU.

Conepsxkanue B pacTeHUsIX OCIIKOB, aMUHOKUCIIOT, YTII€BOIOB, JIHU-
MUJ0B, BUTAMUHOB, d(QDUPHBIX Macel W JPYTHX COCJUHEHHH B 3HAUM-
TEILHON OMpeneNsieT Ka4eCTBO yposKasi, a, CJIe0BATEIbHO, U TUTATEb-
HYIO [ICHHOCTh PACTUTENbHBIX TPOIYKTOB.

VYrneBosbl — I1aBHasi COCTaBHas 4acTh pacTeHU. B OonblinHCTBE
c/x pacreHuit konudectBo yriaeBoaoB 80-90% cyxoit maccel. B otnens-
HBIX OpraHax M TKaHSX pacTeHUH B MpPeo0JIa/lalolieM KOJUYECTBE CO-
JepKaTcsl pa3Hble YITIEBOJABL: B MIIOJAaX W OBOIAX — MOHOCAXapuibl U
caxapa; B CEMEHax 3J1aKoB U OOOOBBIX KYJbTYp, a TaKkKe B KIIYOHSIX —
KapTodens — Kpaxmai; B JpeBECHHE U COJIOME — IIeJUTI0I03a, TeMHUIIe-
JIIOJIO3bI, TIEHTO3aHbl. Pa3nuuHble BKYCOBBIE KauecTBa IUIOJOB, STO],
OBOIIEH CBSI3aHBI MPEXJE BCEro ¢ MpeodiaJaHreM B HHUX Pa3HBIX MO
COCTaBYy PACTBOPUMBIX YTJIEBOJIOB.

PacturenbHble KUpBI, WK Macia, - IVIABHBIM 3alaCHOM MPOAYKT
CeMsIH OONBITMHCTBA pacTeHuil. JKUphl B ceMEHaX MOTYT HaKaIlIMBaTh-
¢ B 3HAUUTENLHOM KoimuecTBe — 10 30-40% o00mmeit maccel U 10 50-
60% wmaccol siipa. Becero B coctaB pacTHUTENBHBIX KMPOB MOXKET BXO-
TuTh 10 50 pa3NuyHBIX KUPHBIX KUCIOT, 9YeM U OOYCIIOBJIICHBI UX pa3-
HOOOpa3HbIE CBOMCTBA.

benku cocTaBisioT MaTepUaNbHYI0 OCHOBY PacTUTENIBHOTO Opra-
Hu3Ma. OHM CIy)KaT Ba)KHEWINIEW COCTaBHOM YacThlO IUTOIIA3MBI, B
TOM 4uclie MeMOpaH, KIETOYHBIX OpPraHesl, MHOTUX OMOJIOTHYECKH aK-
TUBHBIX BemiecTB. CBOWCTBa OEJIKOB 3aBUCAT OT HaOOpa U TMOpsIIKa de-
peaoBaHusl aMMHOKHUCJIOT B UX MOJIEKyJax. Beinku urparT BaKHYIO
POJIb B TIUIIIEBOM PAIIMOHE YEJIOBEKA M )KMBOTHBIX U MOATOMY Tpobiema
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MOBBILICHUS UX COJCPKAHUS B PACTUTEIBHBIX MPOIYKTAX SIBISETCS HC-
KJIFOUUTENIBHO aKTyaIbHOM.

Hapsiny ¢ BemecTBaMu OCHOBHOTO OOMEHA B PACTUTEIHHBIX KIIET-
Kax HaKalIMBaeTCs JIOKAIbHO CUHTE3UPYEMbIE U MEJICHHO IepeMelia-
€MbI€ BEIIECTBA BTOPUYHOTO MPOUCXOXKICHUS — AIKAJOUbI, TIMKO3H-
IIbl, TEPIICHOUIBI U JIP.

PatGora 1. 3anacHble BelecTBa PACTUTEIbHON KJICTKH

BerecTBa XMBOTO COEPKUMOTO PACTHTEIBHON KIETKH - POTO-
IU1acTa M MPOIYKTHI €ro >KU3HEAEATENbHOCTH OY€Hb Pa3HOOOpPA3HBI.
VY CIIOBHO X OOBETUHSIOT B JIBE TPYIIIIbI:

1) koncmumyyuonHvle, BXOASAIINE B COCTAB )KUBOW MaTepuH, U
y4acTBYIONIME B 0OMEHE BemecTB (OSIKU, HYKJICHHOBBIC KUCIIOTHI, JTHU-
U], YTJIEBOABI U JP.);

2) apeacmuueckue exkmouenus (Tped. speon - paboTa) - MpeacTaB-
JStoIIKe co00H KOMIIOHEHTHI MPOTOIIACTa, UTPAIOIME BCIOMOTraTesb-
HYIO POJIb B €T0 XHU3HH U SIBISTIOLINECS JIMOO MCTOUHUKAMHU MaTepuH U
SHEPIUu MpH pocTe U paboTe >KUBOM KIETKH, MO0 OTOPOCHBIMHU IPO-
nykramu ee mertabosnm3ma. OfHM M3 HUX - 3allacHbIE BELIECTBa, T.€.
BPEMEHHO MCKJIIOUEHHBbIE U3 Ipoliecca OOMeHa BelecTB (OenaKu, JTUnu-
IIbI, YTIIEBOMBI: KpaxXMaJl, HHYJIUH caxap u 1p.). [pyrue Bemiectsa - Ko-
HEYHbIE IPOAYKTHI, HATPUMED, COIH KaJIBbIIHSL.

Kpaxman (mocne 1enatona03bl) ABISETCS CaMbIM paclpoOCTpaHEeH-
HBIM B PaCTUTEIHLHOM Mupe yrieBojoM. Kpaxman oOpa3yeTcs B Xj10po-
miacTax BO BpeMsl (OTOCHHTE3a (ACCUMUNAYUOHHBIL UNU NEePEUUHbLI
kpaxman). Ilo3xe OH paspymaercs M CHHTE3MPYETCs B aMUJIOILUIacTax
KaK 3anacHou WIA 8MOpUdHbIl KpaxMall.

KpaxmanbHble 3epHa UMEIOT pa3Hyto popmy (puc. 1) u obpazyroT
CIIOUCTOCTh BOKPYI OJHOM TOYKH, Ha3bIBaEMOU 0bpazosamenbHbim
yenmpom. BO3HUKHOBEHHE CIIOMCTOCTH MPUIHUCHIBAIOT UYEPEOBAHUIO
NBYX YIJIEBOJOB amu1a3vl (TUHEHHBIE MOJEKYJbl) U  aMulonekmu-
Ha (pa3BeTBIIEHHBIE  MOJIEKYJbl). PacrmonokeHue ClI0eB  MOXKeT
OBITh KOHYeHmpuyeckum (Harpumep, y 371aKoB U 6000BbIX) (puc. 21, b;
24) u sxcyenmpuueckum (Hanpumep, y kaprodens) (puc. 21, A). B no-
CIIEJIHEM CITydae, TOYKa, BOKPYT KOTOPOH OTKIIAIBIBAIOTCS CJIOW, HAXO-
JUTCS HE B LIEHTPE 3epHa, a CIBUHYTA BOOK.
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AMWIONIACT MOXKET COJAEpX aTh OJHO (IIPOCTOE 3€pPHO) WJIU He-
CKOJIKO KpaXMaJIbHbIX 3€peH (IIOJyCI0XKHOE U clokHoe). Eciu B neil-
KOIUIACTE€ UMEETCS OJlHA TOYKa, BOKPYI' KOTOPOIl OTKJIabIBAIOTCS CJIOH,
To oOpasyercst npocmoe 3epHo, eciu JBe U Ooznee, TO oOpasyer-
Csl CI0JICHOe  3epHO, COCTOAlee KakK OBl M3 HECKONbKHX Tpo-
cThIX. [lonycnooicnoe 3eprno oOpasyeTcst B TOM Cllydae, €ciau Kpaxmall
CHayaja OTKJIaJbIBAETCSI BOKPYT HECKOJIBKHX TOYEK, a 3aT€M IIOCIE CO-
IIPUKOCHOBEHUS MIPOCTHIX 3€peH BOKPYT HUX BO3HHMKAIOT OOIIME CIIOU.
dopma KpaxMallbHBIX 3€peH CBOCOOpa3Ha y KaXkI0Tr0 BUA.

B knyOGHSX reopruHa, 3eMIISHOM IpyILd, KOPHSIX OJyBaHUYHMKA U
JOPYIMX PacCTCHUN CEMEMCTBA CIIOKHOLBETHBIX KIIETOYHBIA COK COZIEP-
KUT ONM3KUI K KpaxMaily YIJIeBOJ UHYAUH, OTIINYAIOLIUICS OT KpaxMma-
Jla paCTBOPUMOCTBIO B BoJe. IIpu neiicTBUM ciupTa MHYJIWH KpPUCTa-
nu3yeTcsi, 00pa3yeT Tak Ha3bIBaeMble CihepOKpUCTATLTbL.

benku - 370 OCHOBHBIE OPraHUYECKHE BEIIECTBA, ONPECIIAIOINE
CTpOEHHE U CBOICTBa *HUBOW MaTepuu. B ompexnenennslie (as3bl pa3Bu-
TUsl OENTKM MOTYT OTKJIaJbIBAThCS B 3arac. 3amacHble Oeiku Hambolee
4acTO OTKJIQJBIBAIOTCS B BHJIE 3€PEH OKPYIJION MM OBaJIbHOM (HOpMBI,
Ha3bIBAEMBIX AEUPOHOBbIMU. DTO TIPOCTHIE OCJIKU - MpOTeuHBl. OHU
OTKJIA/IbIBAIOTCA B BaKyOJIIX WM JieHKomjacTtax (ajJeipoHOIUIACThI).
3anacHpIMHM O€JIKaMH O4Y€Hb 0OTaThl ceMeHa 00OOBBIX M 3JIAKOBBIX pac-
TeHUi. bosbiroe koanmuecTBo OENKOB HAXOAUTCS B KIIETKAaX, pacrolio-
KEHHBIX TOJI CEMEHHOM KOXYpOH, B TaK HAa3bIBAEMOM a.1elipOHOBOM
cnoe.

Jlunuowl BKIIIOYAIOT OONBIIYIO TPYIIY COEIWHEHUN Ouonoruye-
CKOTO MPOMUCXOKJeHUs. JIMnuabl ABISIOTCS CTPYKTYPHBIMU KOMIIOHEH-
TaMU KJIETKU (BXOJSAT B COCTaB MeMOpaH, 00pa3yroT JIMIIUHbIE KAIlJI B
LUTOIUIa3ME) MM 3PracTMUECKUMM BeELIeCTBaMHU. 3amlacHble Macia
OOBIYHO OTKJIJIbIBAIOTCS B nefKoruiacTax, Ha3bIBae-
MBIX 01€0N1ACMAMU.

Xoxa padoThI:

3aganue 1. [IpurotoBUTh N PaccMOTPETh BPEMEHHBIE MUKPOIIPE-
napatbl KpaxXMalibHbIX 3epeH kiyOHs kaprodens (Solanum tuberosum),
3epHOBOK meHuisl (Triticum aestivum), osca (Avena sativa), Kykypy-
3b1 (Zea mays), puca (Oryza sativa), mwioaa IpeYnxu
(Fagopyrum sagittatum). ITpousBectu peakinio Ha KpaxMajl pacTBOPOM
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fiona B HonucToM Kaiauu. CpaBHUTH (OPMBI KpaxMalIbHBIX 3€pPEH Y pas-
HBIX BUJIOB PACTEHHH, CAEIATh UX PACYHKHU.

IocnenoBarenbHOCTE paboThl. OTpe3aTh MaJCHbKHI KycOUYeK
KITyOHsI KapTOo(ens U clienaTh UM Ma30K Ha IIPEIMETHOM CTEKIIE B KaIuie
BoApl. IIpu 3TOM M3 pa3pylIEHHBIX KIETOK B BOJY IHEPEXOIAT Kpax-
MaJIbHBIE 3€PHA, B pe3y/bTaTe 4ero oHa MyTHeeT. Kario HakpbITh 10-
KPOBHBIM CTEKJIOM M PaCCMOTPETh IPU MaJIOM U OOJIBIIIOM yBEITUYCHUH.
ITpu OosbIIOM yBETMYEHUHU XOPOIIO BUIHBI OBAJIbHBIC U SHLEBUIHbIE
3epHa Kpaxmaya ¢ IKCLUEHTpUYECKOM ciouctocThio (puc. 21, A). Ilpu
PacCMOTPEHUHU CIOUCTOCTH CIENYET MPHUKPHITh Juadparmy KOHIEHCOPa
U CIIerKa BpalllaTb MMKPOMETPEHHBbIM BUHT. HaliTu m 3apucosars IIpo-
CTBIE, CJIOJKHBIE U IIOJIyCJIOKHBIE KPAXMaJIbHbBIE 3€PHA.
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Puc. 1. KpaxmaJjbHbIe 3epHa pa3JIn4HbIX BUAOB PACTCHU:

A - kaprodenp (Solanum tuberosum); B - mmeHuna
(Triticum aestivum); B - oec (Avena sativa); I" - puc (Oryza sativa); /I -
KyKypy3a (Zea mays); E - rpeunxa (Fagopyrum sagittatum).

1 - mpocToe KpaxMajabHOE 3€pHO, 2 - CII0KHOE, 3 - MOJTYCI0XKHOE.

VY puca oBalbHBIE CIIOXKHBIE KpaxMalbHbIE 3€pHA M3 INPOCTHIX,
OYEeHb MEJIKMX T'PaHeHBIX 3epHbIek (puc. 1, I).

JI1sl IpUTOTOBIIEHKSI MPENapaToB KPAXMAJIBHBIX 3€PEH 3€PHOBOK
NmEeHUNbl, OBCA, KYKYPY3bl, puCa U IJIoAa I'pCUUXH, PA3PE3aTb U H3-
BJIEYh KOHUYMKOM HIVIBI HEOOJIBIINE KYCOYKH SHAOCIIEpMA KaXXI0ro BH-
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7ia, TIEPEHECTH MX B KAaIUIM BOJBI HA MPEAMETHBIE CTEKIIA, Pa3pbIXJIUTh
UTJIOM, HAKPBITH TMOKPOBHBIMU CTEKJIAMH M PacCMOTPETh IPENaparhbl
110/ MUKPOCKOIIOM.

VY nmeHunbsl KpaxMaibHble 3epHa OOBIYHO JBYX THIIOB: MEJKHE
OKpyTJble W JIMH30BUAHBIE. Ha Ooinee KpymHBIX 3epHax enBa BHIHA
KOHIIEHTpHUYecKasl CII0UCTOCTh (puc. 1, b).

KpaxmainbHble 3epHa 0Bca MENKUE, OBajlbHbIE, ClOKHbIE. [Ipu nx
pa3sBUTHM B JEHMKOIUIaCTaX BO3HMKAIOT MHOTOYMCIIEHHBIE 00pa3zoBa-
TEJbHBIE LIEHTPHI, KOTOPbIe B c(hOPMUPOBAHHOM 3€pHE, KaK MPABUIIO, HE
BUIHBL. X ciouctocTs He 3aMeTHa. CII0KHOE 3€pHO JIETKO pacnajaeT-
Csl Ha OTJEJIbHBIE COCTABJISIOUINE €ro 3epHbIIKU. [loaToMy Ha MHUKpO-
Ipernapare MOXHO HaOJ0AaTh MEJKHE YIioBaTble U MHOI'OYHMCIICHHbIE
npocteie 3epHa (puc. 1, B).

KpaxmanbpHble 3epHa KyKypy3bl IIPOCTbIE, MHOTOTPAHHBIE, CO
CTJIKEHHBIMH yTJIaMu. B IIeHTpe uX BUAHA TpeuluHa, 1o GopmMe Hamo-
MUHAOIIAs [TPUX, FAJIOUKY WK 3Be3/10uUKy (puc. 1, JI).

KpaxmanbHble 3€pHa TpEYMXU OYEHb MEJIKME, HENPABUILHOU
¢dopmbl. B mosie 3peHuss MUKpOCKOIIa OHM OOHapy>KHUBAIOTCS JUOO 110
OJIMHOYKE, TMOO B CKOIIEHUSX, COOTBETCTBYIOIINX OYEPTAHUIO KIIETKH.
CrnoucrocTh KpaxMaJIbHBIX 3€peH HE 3aMeTHa. IHorzna B LieHTpe 3epHa
BHUIHA TpemuHa (puc. 1, E).

PeakTBOM Ha KpaxmaJsl CIy>KUT cia0blii pacTBOp Hoja B Hoau-
CTOM KaJMM. 3aMEHUTh BOJy PEaKTHUBOM M HaOJOJaTh MOCTENIEHHOE
OKpAaIllMBaHUE KPaxXMaJIbHBIX 3€peH OT cIa00-CHHEro IBeTa JI0 TEMHO-
CHUHET0 U YEPHOTO.

3apucoBaTh 3€pHa BCEX PAaCCMOTPEHHBIX BHUJIOB, COIOCTABIISAA MX
pa3Mepsl U GOPMBL.

3apganme 2. PaccMoTpeTh chepokpucTallIbl MoJUcaxapuaa HHY-
JIMHA Ha cpe3e KiyoHs TonuHaMmOypa (Helianthus tuberosus) (puc. 2).

IlocnenoBarenbHOCTb paboThl. [I[pUrOTOBUTH BPEMEHHBIH MHUKpO-
mpernapaT MonepeyHoro cpesa KiayOHs ToMHaMOypa B Karuie TIuLepH-
Ha (B Bojie cepoKpUcTaIIbl ObICTPO pacTBopsitoTcs). ChepokpucTaibl
COCTOSIT U3 MHOKECTBA UITIOBUIHBIX KpucTaiioB. OHU OBICTpO pa3pac-
Ta0TCA, 3aXBaThIBasi HECKOJIBKO KJIETOK. CTEHKH 3THX KJIETOK BHJHBI B
chepokpucTaiie Npu NOJIb30BaHUU MUKPOMETPEHHBIM BUHTOM.
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Pnc.'2. Coepoxpucramisl (1) B KiIeTkax KIyOHs TONMHAMOY-
pa (Helianthus tuberosus).

3ananue 3. PaccMoTpeTh anelpoOHOBBIA CIOW, aledpOHOBBIE U
KpaxMaJlbHbIC 3€pHA HA IMOCTOSHHOM MHKPOIIpErnapaTe MOMEPEeIHOTrO
cpesa 3epHoBku mmieHuIb! (Triticum aestivum). 3apucoBats (hparMeHT
cpesa u caenath o0o3HavueHus (puc. 3).
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Puc. 3. 3anacHble BemecTBa B 3epHOBKe MIIEHUIbI
(Triticum aestivum) Ha monepeYHOM cpe3e:

1 - OKOJIOTUIOHUK, 2 - KOKypa CEMEHH, 3 - aJeipPOHOBHIN cioi, 4
- AP0, 5 - KJIETKH DHAOCIEPMAa C KpaxMaJbHBIMU 3€pHaMH, 6 - Kpax-
MaJibHbIE 3€pHa.

IocnenoBarenbHOCTh paboThl. [Ipy ManoMm yBenu4YeHUH HaWTH
TOHKHI y4acCTOK Cpe3a, Ha KOTOPOM BHJIHA 30JI0THCTAsl ITOJIOCKA U3 Kile-
TOK aJIEHPOHOBOIO CII0sI, PACIIOJIOKEHHOIO Cpa3y K€ I10J KOXKYpou ce-
MEHHU U MOKPOBaMHM 3€pHOBKH. B pesynbraTe peakiuu ¢ Homom Oenok
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npuoOpeTaeT XKeNnTyro okpacky. Ilpu OONbIIOM yBEIWYEHHH PAaCCMOT-
pPETh MJIOTHO COMKHYTHIE KJIETKH aJepPOHOBOTO CJ0s, UMEIOIINe KyOu-
4ecKylo (opMy, 3alOJHEHHbIE MEJIKHUMH aJeHpPOHOBBIMH 3€pHAMH.
Wuorpa B neHTpe KIETKU 3aMETHO spo. B ray0ke nmexamux KieTkax
SHJIOCTIEPMA 3€PHOBKHM BHJHBI KpaxMalbHblE 3epHA. 3apuUcOBaTh He-
CKOJIBKO KJIETOK aJI€MpOHOBOTO CIJIOSl, KOXKYPY CEMEHH, CPOCIIYIOCS C
OKOJIOIUIOTHUKOM, U KJIETKH DHJIOCIIEpPMa C KpaXMaJbHBIMH 3epHAMU U
cienaTh 0003HAUYCHUS.

3aganue 4. [IpuroroBuTh BpeMEHHBII MUKpOIpENapar norepey-
Horo cpesa cemenu ¢aconu (Phaseolus vulgaris), momectuts ero B Kar-
M0 Hona B MOTUCTOM Kalnuu ¢ J0OaBJICHHWEM Karuld TiulepuHa. Pac-
CMOTpPETh MPH OOJIBIIOM YBEIUUYEHUH COJIEPKUMOE KIIETOK - alleipoHO-
BbIC M KpaxMajibHble 3epHa. Caenarh pucyHoK (puc. 4).

Puc. 4. 3anacHble BemecTtBa B KJeTKe ceMeHHM ¢aco/u
(Phaseolus vulgaris):

1 - mpocThle aneiipoHOBBIE 3€pHA, 2 - KpaXMaJIbHOE 3€PHO.

[MocnenoBarenbHOCTh paboThl. HaiiT mpu manoMm yBelnHYeHUU
TOHKHM y4acTok cpe3a. [Ipu GonbliomM yBenMueHUH, BUIHO, YTO CEMS-
1075t paco COCTOUT M3 KPYITHBIX MAPEHXUMHBIX KIETOK C HEOOBIIIH-
MU MEXKJICTHUKaMHU. BHYTpHM KJIETOK XOpOIIO 3aMETHBI OOJIbIINE
OBaJIbHBIE CHHHME KpaXMaJbHbIE 3€pHA U MEXAY HUMH - 30JI0THUCTO-
KENThIe MPOCThIE aIeHpoHOBBIE 3epHA. OTMETUTH, UTO KpaxMabHBIC
3epHa ($acoau 3aMETHO OTJIMYAIOTCS OT 3epeH KapTodels OuepTaHHsIMH,
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CIIOSIMH PaBHOMEPHOUW TOJIIMHBI (KOHIICHTPUYECKOW CIIOMCTOCTHIO) U
HaJIMYMEM TpeIIMH Ha MecTe o0pa3oBarenbHOro LeHTpa. OObSICHUTH
OKpAIlTMBaHUE KPaXMaJbHBIX M aJCHPOHOBBIX 3€pEH PAacTBOPOM Hoja B
Honucrom kanuu. [Ipu OonbLIIOM yBEIWYEHHH 3apUCOBATh KIIETKY Ce-
MeHU (acoiu, OTMETHTh KpaxMaJIbHBIE U aJICHPOHOBEIE 3€pHA.
Marepuanbl U 000pyI0BaHHe: KyCOUKH KIYOHs TomuHamOypa
(Helianthus tuberosus) (Beiaepxantbie B 96% -HOM CHHpTE B TCUCHUE
7-10 mueit), kaptodens (Solanum tuberosum); mpeaBapureabHO HaMO-
YeHHbIC 3epHOBKH mimeHuIlsl (Triticum aestivum), osca (Avena sativa),
KyKypy3sl (Zeamays), puca (Oryzasativa), 1uoabl TI'pEUUXH
(Fagopyrum sagittatum), cemena daconu (Phaseolus vulgaris), mocro-
SSHHBIA MuKponpenapaT "llomepedyHblil cpe3 3€pHOBKU MIIEHUIIBI
(Triticum aestivum)"; rMnepuH, pacTBOp o/a B HOTUCTOM KaJIUH,

PaGora 2. CBoiicTBa MOHOCAXapU/A0B, THCAXAPUI0B U
MO/ CAXapHuI0B

Veneeoovl — OOMMPHBIA KJIacC MPUPOIHBIX OPraHUYECKHX CO-
€IMHEHHH, KOTOPbIE B 3aBUCHMOCTH OT CIIOCOOHOCTHU K TUAPOJIU3Y MO-
pa3fesAaoTCsl Ha MPOCThIE M CIIOKHBIE YIIIEBOABL. [Ipocmuimu yeneso-
oamu — MOHOCaxapuJaMH HJIM MOHO3aMH — Ha3bIBalOT YIJIEBOJbI, KO-
TOpbIe HE CIIOCOOHBI THAPOIN30BaTHC ¢ 00pa3zoBaHHeEM OoJiee MPOCThIX
coeauHeHuil. K mpocTbIM caxapamM OTHOCST, HalpuMep, TIIIIOKO3Y,
bpyKTO3y, KCHUI03y, apabUHO3y U T. 1. BONBIIMHCTBO 3THX BeLIECTB
UMEET COCTaB, COOTBETCTBYIOILNN o0reit bopmyne
C,,H2,,0,,. Crnoorcnvie yeneo0bt — 3TO YIII€BOJIbI, CIIOCOOHBIE THIPOJIH-
30BaThCsl C 00pa30BaHUEM MPOCTHIX YIiieBoAoB. VX aemsT Ha 1Be rpyn-
nbl: 1) HU3KOMOJEKYIspHBIE (Caxaponoj00HbIe, UM OJIMIOCAXapHIbl)
nojucaxapuibl M 2) BBICOKOMOJIEKYJISIpHbIE (HecaxapomnoJo0HbIE) IOo-
JUcaxapuabl.

Xon paborsi: 1. Jlna onpeneneHuss MOHOCAXapUA0B IJIOKO3bI U
(GPYKTO3bI B paCTUTENBHBIX 00BEKTaX MOJIb3YIOTCS peakTuBoM Demmnn-
ra, IpUroTOBJICHHBIM 110 penentam [lactepa.

OunieHHBIA U BBIMBITBIN KOPHEIIOI MOPKOBH HATHPAKOT HA TEP-
ke. [Tomyuyennyro mesry (3-5r) mepeHOCSAT B TEpMOCTOWKYIO KOOy,
npuOaBISIOT 3-5 MJI TUCTHIUTMPOBAHHON BOJBI, KUIISTAT U (QHIBTPYIOT
yepe3 OyMaXKHBIN (UIBTP.
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B npo6upky HanmuBaroT 1-2 Mi1 noydeHHoro guiabTpaTa, npudas-
JISIFOT PaBHBIN 00beM KuAKOCTH DEUTMHTa U HarpeBaloT 10 KUTICHHS.

B ToMm ciyuae, ecnu B HcClIeAyeMbIX OOBEKTaxX COAEpKaTcs IIIIo-
K03a M (pYKTO3a — BOCCTAHABIMBAIOIIUE caxapa, TO oOpasyercs Kpac-
HBI OcaZok 3akucu Menu. KoauuecTBO ocajika OIEHHMBAIOT MO 3-
OambHOM cucteme. Ecnmu ocajgka B mpoOHpKe MHOTO, @ HAaJOCal04YHAs
KHUJIKOCTh HEOKpAIlIeHHas,, TO aKTUBHOCTh (hepMeHTa HauBbIcIIas — 3
Oamna. Ecnm HamocamouHas JKMAKOCTH CJerKa TOJyOOBaToro IIBETa,
3HAYMUT TIIOKO3bl HEIOCTATOYHO JJISl TOJIHOTO CBSI3BIBAHHS PEAKTHBA
@emnuara. Ecnu ocaaka BooOmie HE M JKUAKOCTh B MPOOMPKE MHTEH-
CHBHO roJ1y0Oro 11BeTa, aKTUBHOCTb ()épMEHTA PaBHA HYIIIO.

2. [TonoOHyIO peakuuio Ha OTKPBHITHE BOCCTAaHABIMBAIOLINX Caxa-
POB Z€NaloT ¢ caxapo3oi. Jing aToro uccnenyror 1-2 M pacTBopa caxa-
po3bl. OOBACHAIOT IPUYMHY OTPULIATEIHON peakuy o OesuIuHry.

Matepuajbl U 000py10BaHHMe: KOPHEIUIOJ MOPKOBHU, PEaKTHB
dennuHra, Koada TepMOCTONKas, CIUPTOBKA, BOJIA TUCTUILITMPOBAHHAS.

PaGora 3. JIunuabl u MX cBOlicTBA

Jlunuowvr — cbopHas (pazHopoHast) rpymmna OUOIOTHYECKUX CO-
€IMHEHHH, PACTBOPUMBIX B OPraHUYECKUX PACTBOPUTEIIAX U HEPACTBO-
PUMBIX B BOJIE.

Xoa padotbl: B npobupky Hanusarot 0.5-1.0 MJI TOACOIHEYHOTO
Macina, IpubasistoT 5-10 M1 BOJBI U, 3aKpbIB IPOOUPKY, BCTPSXUBAIOT
B TeueHHe 3 MUHYT. Macio pa3OuBaeTcs Ha MEJKHE Karlid, oOpasys
AMYJIBCUIO. DOMYJIbCUSl HECTOWKas, U OYE€Hb CKOPO BCE KallelbKU Macia
coOMparoTcst BMECTE B OJJMH CJIOM Ha MOBEPXHOCTU BOJbI, UYTO yKa3bIBa-
€T Ha HEPaCTBOPUMOCTh JKHpa B BOJIE.

B menounoit cpene smynbcust Oyner 0ojee TOHKOH M CTOMKOIA.
bepyt B npobupky Karuio Macinia, npuodasistor 2 mia 20%-Horo cnupro-
BOT'O pacTBOpa €KOT0 KaJli U OCTOPO’KHO HarpeBaroT A0 kKuneHus. JIu-
MUBI P ATOM pacHafaloTcs, MPUCOECTUHSS TPH MOJIEKYJbl BOJBI, Ha
IJIMLEPUH W JKUPHBIE KUCIOTHL. [locnenHue HeMeasIeHHO BCTYNAloT B
pPEaKknuio co LIeNI0Ubl0, 00pa3ys COJNM KUPHBIX KUCIOT, Ha3bIBa€MbIe
MBIJIAMH, TO €CTh MPOMCXOTUT peakius oMmbuieHHs. Eciu npubGaBuTh
BOJIbI, TO PacTBOP J€JIA€TCs PO3PAUYHbIM.
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Crennpuyeckoil peakiuell Ha JIMIUIBL SIBISIETCS OKpaIlMBaHHUE
UX B OpaH)KEBO-KPACHBIH I[BET OT CITUPTOBOTO pacTtBopa kpacureis Cy-
nan-111.

Ha npenMeTHOE CTEKII0 B KAIUTIO CTUPTOBOTO PACTBOPA KPACHUTEIIS
Cynan-lll momemaroT cpe3pl U3ydaeMbIX CEMsIH, HAKPHIBAIOT MOKPOB-
HBIM CTEKJIOM M JICTOHBKO HAJaBIMBAIOT Ha Hero. [log Mukpockormom
HaO0JII0IAI0T TOSIBJICHUE BOJU3U CPE30B KalleleK Macia, OKPaCHBIIHXCS
B OPaH)KEBO-KPACHBII 1IBET. 3apUCOBBIBAIOT MTOJIyUYCHHBIE PE3YIbTATHI.

Martepuanbl U 000pyI0BaHHMe: TOJICOJIHEYHOE MAacjo, BOJA,
npobupku (15mm), KOH 20% cnupTtoBoit pactBop, cniuproBka, Cynan-
111, ceMeHa MOICOIHEYHNKA U THIKBEI.

Pabora 4. OnpenesieHne aKTUBHOCTH JIMIIA3bI

Jlunasza — QepMeHT, KaTalnu3upyOUIMi THIPOJIU3 TPUTIHLIEPH-
noB. Jlunaspl, OPUCYTCTBYIOLIME B CEMEHAX MAaCIWYHBIX PACTCHHH,
IPOSIBJISIIOT aKTUBHOCTD MPH pa3inyHbIX 3HaueHusax pH. [loatomy uno-
r/1a ynoTpeOsitoT Ha3BaHUsI HEUTPAIbHOM, KUCIION W IISJIOYHOM JinIa-
3bl. Han6Gosee akTUBHBI B CEMEHAX MAaCIUYHBIX KUCJIAs U IEJI0YHAas JIU-
a3bl.

Xox pabotbl: bepyT Tpu paBHblE HaBECKM CeMsiH JibHA o 2.0 T
Kaxaas (IpU HMCHOJIb30BAaHUM CEMSH IOJCOJIHEYHUKAa HMX MpeaBapu-
TEJIbHO OYMIIAIOT OT OKOJIOIUIOJNHMKA). TIIaTeThbHO MepeTHparoT Kax-
Iyro mopiuio cemsiH B (apdopoBoii cTyrnke. PactepTeie cemena mepe-
HOCSAT B TPH KOJIOBI.

B nepByto konly npubaisroT 10 M1 TUCTUIUTMPOBAHHON BOJIBI.

Bo BTopyto kos10y — 10 M Boas! 1 2 Mt 0.1 H pacTBOpa yKCyCHOM
KHCIIOTBHI.

B Ttpetbio kon0y — 10 mu1 Boasl. 3aTeM cofepKUMOe 3TOH KOJIObI
KUIISITAT B T€UEHUE 3 MUHYT U oxJaxaatoT. [IpubaBnsior, Kak U npebl-
nyuiem BapuanTte, 2 mul 0.1 H pacTBopa yKCYCHOM KUCIJIOTHI.

Bce Tpu ko061 youparot B TeMHbIH mikad Ha 18-24 yaca.

Ha cnenyrommii geHp Koi0bl BBIHUMAIOT U BBIPAaBHUBAIOT B HUX
ycnoBus cpenpl. s akTuBauK aumnasbsl Tpedyercs onpezaeneHHas pH
Cpenbl, B JaHHOM cllyyae MeHblIe 7 ( peub uaeT o Kucioil nunase). C
STOM LIebI0 B IEPBYIO KOJIOY nmpubasisioT 2.0 Ml U pacTBOpa YKCYCHOM
KHMCIIOTHI. 3aTeM MPHUCTYNAaKT K TUTPOBAHUIO. TUTpOBaHUE MPOU3BOAST
0.1 1 pactBopom NaOH B nipucyrctBuu 1-2 kanens ¢enondranenna.
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Jns Toro, 4toOBl MPEAOTBPATHTh MPOLECC THIPOTUTHUECKOM
JUCCOLMAIMN MbUIa, KOTOpOe o0pa3yeTcs MpU TUTPOBAHUU, MPUOaBIIs-
10T 110 25.0 MJI criupTa B KOXKIyI0 KOi0y.

ITo xommuectBy 0.1 H pacrBopa NaOH, u3pacxomoBaHHOrO Ha
TUTPOBAaHME, CYIAT 00 aKTMBHOCTHU JMmnasbl. B mepBoii koibe, HE co-
neprKaleld KUCIoThl, GEPMEHT JUNa3a HaXOJUTCS B HEAKTUBHOM COCTO-
saHuu. B Tperweil konbe, copepkumMoe KOTOPOH OBbLIIO MOJBEPTHYTO KH-
MSTYeHHI0, (DePMEHTATUBHBII MPOLIECC HE UET, TaK Kak (epMeHT pas-
pyIIeH.

Marepuanbl U1 000pya10BaHMe: CEMEHA JIbHA, KJICIIEBUHBI WU
I0/ICOJIHEYHMKA, 1%-HbIl pacTBOp yKcycHOM kuciotel, 0.1 H pacTBOp
NaOH, ¢apdopoBas cTynka ¢ necTukoM, KOHUYECKHUE KOJIObI, BOPOHKH
MUTIETKH, CIUPT, (heHoyITalaenH, BEChl, PIIBTPOBAIbHAS OyMmara, Bojia
TUCTUIUTMPOBAHHASL.

PaGora 5. PacTuTesibHbIe 0€JIKH U HX CBOIiCTBA

benxu — 3T0 BBICOKOMOJIEKYJISIPHBIE a30TCOJEpKAIIUE OpraHuYe-
CKHE BEIIECTBA, MOJIEKYJIbI KOTOPBIX MOCTPOEHBI U3 OCTaTKOB aMHUHO-
KHCJIOT, CBSI3aHHBIX APYr C JAPYrOM B MOJHUIENTUAHBIE IenH. bemku
IPEJCTABIAIOT OO0 MOIMMEPHBIE MOJIEKYJIBI, B COCTaB KOTOPBIX BXO-
mut 20 paznuanabix AK.

Xoa paborsi: 1. [Ipu neficTBUM KOHLIEHTPUPOBAHHBIX PACTBOPOB
HEUTpaJIbHBIX COJIEH MPOUCXOIUT BbicaniBaHue Oenka. K 2-3 mp pac-
TBOpa Oelika MPUOABISAIOT KPUCTAUIMYECKYIO HeHTpanbHyto coib. Ko-
r7ia KOHIEHTPAIKs pacTBOpa JIOCTUTHET npuMepHO 50%, HaYHET BhITIA-
JaTh B OCAJ0K, BCIEJICTBUE Yero pactBop nomyrtHeer. [locne npubas-
JICHHUS BOJBI HAOIIOIaeTCsl HCYE3HOBEHUE MYTH, TaK Kak TJI00YJIMH CHO-
Ba MEPEXO/IUT B paCTBOP — PEAKIIMs BbICAIMBAHUS O0OpaTUMa.

2. Ilpu neiictBuM Ha O€JIOK BBICOKOM TeMIEpaTyphl (KUISTYEHUE)
i kpenkor kucinoTel (HCI, HNO3, H2SO4) npoucxoaut aeHatyparms
6enka. B nmpobupky Hanuth 2-3 mi1 pacTBopa Oelika U HarpeTh 10 KUIie-
Hus. OOpasyercss 0caJoK, HE PACTBOPSIONIMICA B COJEBOM PacTBOpE,
YTO CBHUJICTEIECTBYET O HEOOPATHMMOCTH IPOW3OIIEANINX H3MEHEHUH.
AHaNOTUYHBIN 3PPEKT MOKHO TOJIYYHUTh NMPH JCHCTBUU HA PacTBOP
Oeka KpenKoi a30THOM KHUCIIOTOM.

3. buyperosas peakuus. [lon neiictBueM BOAHOTO pacTBOpa Me-
HOTO KyNOpoca U €IKOH IIeoun HaOJlo/1aeTcsl OKpallluBaHue Oeika B
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¢uonerossiii 1Bet. K 2-3 M pactBopa Genka mpubasnsor 1 mia 20%-
Horo pactBopa NaOH wu B3O6anThiBatoT cmech. 3aTem m00aBisOT 1-2
Karu 5%-HOro pacTBopa MEIHOIO Kylopoca U HaOJII0AatoT 32 U3MEHE-
HUEM OKPACKH.

4. KcantonporennoBas peakuus. [Ipu HarpeBanuu cmecu 0elnka ¢
A30THOM KHCIJIOTOW 10 KUIIeHHUsS oOpasyeTcst »KenThli cryctok. [locie
npubaBIeHUs] aMMHUAaKa KeJITasi OKpacka Oellka YCHIIMBAeTCs U Tepexo-
IUT B OPaHXKEBYIO.

Matepuaibl 4 000py10oBaHHe: pacTBOp Oenka ( M3 TOPOXOBOM
Mykn), koHeHTpupoBanHas HNOsz amvmmak, KpucTaymTM4decKas COJIb
NaCl, 20%-usr1it pactBop NaOH, 5%-ub1it pactBop CuSOs, ciupToBKa,
MPOOUPKH, MUTIETKH.

PadoTta 6. [IpeBpanienne KpaxmaJja B MpopacTAIIAX
ceMeHax
IIpoyecc npespawenus eewjecme y Kpaxmauiucmvix cemsan cieoy-
Fowull.; BOJA, TIOCTYIAIOIIAs B IIUTOK 3apOJIbIIa, aKTHUBU3UPYET (ep-
MEHTBbI, KOTOPbIE Yyepe3 0cOOble BCACHIBAIOLINE KJICTKH SMUTEINATIbHON
TKaHU IPOHUKAIOT B CONPHUKACAIOIINECA ¢ HEW ciou dHaocnepma. 1oz
BO37eHicTBUEM (DEPMEHTOB aMuUIIa3bl POUCXOAUT pacmajl KJIETOK MOIH-
caxapu10B (B OCHOBHOM Kpaxmalia, HO B 3TOT IIPOLIECC MOT'YT BOBJIE-
KaThCs U JIPyTUe MOJIMcaxapubl, IpH 3TOM KpaxMallbHbIE 3€pHa KaK Obl
MOJIBEPIaloTCsl KOPPO3UK) Ha 0oJiee MOABUKHBIE COETUHEHUS — IEKC-
TPUHBI U MaNIbTO3y. Kak TONbKO MOsSBUIACH MAJIbTO3d, TOTUAC K€ aKTH-
BU3HUpYyeTcs (pepMEeHT MaibTasza, KOTopasi paculeIisieT MaJIbTO3y J10
TJIIOKO3BI, HE TOJIBKO CIIyXKallleld YHEPreTHUYECKUM MaTEpUajIoM, HO U
UyIIeN Ha TTOCTPOEHUE KIIETOK Tefa. [ 1roko3a B 0cOO00M TpaH3UTHOM
COEIMHEHUH NIPOHUKAET YePe3 IUTOK K 3apOBbIILY, TI€ U IPOUCXOIUT
CUHTE3 HOBBIX BellecTB. OJTHOBPEMEHHO HAKAIUIMBAETCS caxapo3a, Ko-
Topasi obpazyercs Oxaronaps AelcTBUIO GocHOPOTUTHUECKUX U IPYTUX
bepmenToB. B 3TOM mporiecce ruipoan3a ClIoKHBIX YTI€BOI0B IPUHU-
MaloT y4acTHe U epMEHTHI SHJ0CIIEPMa, KOTOPbIE aKTUBU3UPYIOTCS
BOJIOM U MOCTYNUBIIUMU (P€PMEHTAMHU U3 3apOJIbIIIA.

Xon pabGorsi: Ha jxenaTMHOBYHO IUIacTMHKY B 4vamku Iletpum
OYEHb OCTOPOKHO MOMEIIaeM Mpopociire ceMeHa mueHulpl. Cemena
HEOO0X0AMMO MpPEBApUTENBFHO pa3pe3aTh IOINOoJIaM, MPOMBITH B BOJIE
WM CMOYUTH CPE3bl BOJOM, a 3aTEM IMOJIOKUTh CPE3aHHON MOBEPXHO-
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cTbio BHU3 110 10-12 cemsin B wamky Ilerpu. Yepes 20-30 MuHyT cemeHa
OCTOPO’XHO CHSATH MHUHIIETOM TaK, 4TOOBI HE MOBPEAUTH >KETaTHHOBON
IUICHKU U OOJIUTH BCIO IJIACTHHKY PAacTBOPOM HOAa B MOIUCTOM KaJIHH.
st aToro Gepyt 10 M1 TUCTHIIITMPOBAHHOM BO/IbI, MPUOABIISIOT B HEE
10 xamenp pacTBOpa ioja B HOAMCTOM KajlWH, a 3aT€M NEPEHOCIT B
yamky Ilerpu. HeokpamieHHbIME, CBETIBIMU NSATHAMHU OyIyT TE MecTa,
I7Ie HaXOJWJIMCh CPe3bl CeMsIH. DTO CBUIETEIBCTBYET O TOM, YTO MOJ
JeCTBUEM IuacTa3bl Kpaxmall IpeBpaTuics B caxap.

Marepuanbl U 000pyI0BaHMe: MIPOPOCIIME CEMEHA MIIEHULIBI,
SYMEHSI WM Topoxa, KapTodenbHas MyKa, *eJlaTuH, clabblii pacTBOp
1oJa B MOJUCTOM Kanuu, yaku I[leTpu, nuHLETHI.

Pabora 7. O6Hapy:keHHe aJIKAJIOHI0B B PACTEHUSIX

Anxanoudsi — a30TCOAEPIKALINE APOMATUYECKUE COCTUHEHHUS 1IIe-
JIOYHOTO XapakTepa, 00JIaJalonIiue CUIIBHBIMU (DH3UOIOTUICCKIMHE JCH-
cTBUSIMU. HekoTopble ankanousl B MaNIbIX J103aX IMIMPOKO MPUMEHSIOT-
Csl B MEIUIIMHE IS JICUCHUS Pa3IMIHBIX 3a00JICBaHUH YEIOBEKa U JKH-
BOTHBIX WJIM HCIONB3YIOTCA B KauecTBE TOHU3UpYOLuX (4Yai, kode,
KaKao) ¥ HapKOTHYECKUX BEIISCTB. MHOTHE aJKaJIOUIbI 00JIaal0T BhI-
COKOW TOKCHYHOCTBIO, IO3TOMY, COJEPKAIIUE UX PACTEHUS HENIb3S HC-
MOJIb30BaTh Ha KOPM (JIFOTIMH, BUKA, MOJBIHG U Apyrue). Hekoropsie an-
KaJIOMJIbI MCTONB3YIOTCS KaK CpelcTBa OOpHOBI C BPEAUTEISIMHU CEllb-
CKOXO35IiICTBEHHBIX PACTCHHM.

ATKaTOMOHOCHBIE PACTEHHS COCTABISIIOT 0KoJo 10 % Bceil mu-
POBOIT IIOPBI. AJIKATOUIBI MOTYT COJEPKATCS WJIK BO BCEM PAcTeHUH,
WM B OJIHOM MIIM HECKOJbKUX opraHax. OOBIYHO alKalOHIbl CUHTE3H-
PYIOTCSL B JIUCTBSIX M TMOJ3EMHBIX OpraHax, a 3aTeM IepeMEeIlaroTcsl B
CeMeHa.

Conepikarcst ankaJouAbl B PACTCHUSX B HE3HAYUTEIHHBIX KOJIH-
gectBax (0,001...0,01 %), HEKOTOpBIE pacTeHus (XMHHOE JepeBo, Tabak,
OapOapuc) coaepxar 6osbire ankamonaos (10 10 %).

AJKanouasl B 3aBUCUMOCTH OT CTPOEHHUS a30TCOJAEPKALIUX LUK-
JIOB KJIACCU(UIMPYIOT HA TPYMIBI, PA3THYAOIINECT MEXKITYy CO00M Mo
XUMHYECKUM W OMOJOTHMYECKUM CBOMCTBaM: MPOW3BOAHbBIE MUPUAMHA,
MAPPOTUINHA, XUHOJIMHA ¥ M30XUHOJIMHA, MH0Ja, ITypUHA U APYTHUX.

[Ipenmonaraercs, 4TO amKaIOUIbI SIBISIFOTCS TOOOYHBIMH MPOIYK-
TamMu OOMEHa BEIIECTB W SIBIISIOTCS 3allaCHBIMH BEIIECTBAMH WJIM BHI-
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MOJIHSIOT 3AIIUTHYIO POJbh. BO3MOXHO, OHHM WIPalOT POk TOPMOHOB,
BBI3bIBAIONINX YCHJIEHHE OOMEHHBIX MPOIIECCOB HA OMpEesIeHHBIX (a-
3aX pa3BUTHUSA PACTCHUM.

Jlyia ankanouzoB XapaKTepHa LIBETHAsl peakius ¢ HoaoM B Hoau-
CTOM KaJuu — 00pa3oBaHKe KPaCHOBATO-OYpOi OKPACKH.

eap padoTbl. YCTaHOBUTh HAJMYME AJKaJIOWUJIOB B CEMEHAX
pa3HbIX BUJOB JIIONMHA WIN APYTUX PACTCHUH.

Xox padoThI.

1. Cemena pa3nuuHbIX BUAOB JitonuHa (1o 5...10 mr) pas-
JIeNIUTh HA CEMSIJIOJIH.

2. Ha noBepxHOCTh KaXka0l ceMsAA0IM HaHeCTH 1...2 karm
Moja B MOAUCTOM KaJIiH.

3. Ornpenenuth UHTEHCUBHOCTh KPAaCHOBATO-Oypoill OKpac-
KM Ha TIOBEPXHOCTH cemsiojieii: crmabas (+), cpennsis (++), cuiabHas
(+++), orcyrcTByeT (-).

4. [TonydeHHble pe3ynbTaThl 3aUCHIBAIOT B Ta0Jl. U Jena-
10T BBIBOJIBI O HAJIMYMH AJIKAJIOUIOB B CEMEHAX JIFOITHHA.

Hanu4yue ankajiouoB B ceMeHaX JIONHHA

Hanuuune

Buas! mronuHa NHTEHCUBHOCTH OKpaCKu
AJIKaJION 0B

Matepuajbl 1 000py10BaHUE: CEMEHA MHOTOJIETHETO, XKEJITOrO,

Y3KOJIUCTHOTO U O€JIoro JII0NNHA, Je3Bue, pactBop ioaa B KI.
Pabora 8. O6Hapy:keHne 1yOMIbHBIX BEelIECTB B PACTEHUSIX

K 0ybunvHbim OTHOCAT BeIleCTBa CIIOCOOHbBIE 1YOUTh HEBBIJENAH-
HYIO IIKYpY, MpeBpamias e€ B Koxky. [yOmipHBIC BeliecTBa MpH B3au-
MOJICHICTBUM C KAJIJIOTEHOM — OEJIKOM KOKHBIX MOKpPOBOB, 00pa3yioT
YCTOMUMBYIO TIONEPEYHO-CBSI3aHHYIO CTPYKTYPY, OIPEIEIISIONIYI0 BbI-
COKYIO IIPOYHOCTh M YCTOMUUBOCTD KOKH K Pa3IMYHBIM (PaKTOpaM.

JlyOmipHBIC BEIIECTBA IOAPA3JENAIOTCS Ha THAPOIN3YEMBbIE U
KOH/IeHCHpoBaHHbIe. K THIpoNn3yeMbIM OTHOCSTCS TaJlJIOBbIE U AJja-

73



roBble JyOMJIbHBIC BEIIECTBa. | aluIOBBIMHM JTyOWJIBHBIMH BEIECTBAMU
SIBJSIFOTCS TAJJIOTAHHUH WJIM KUTAMCKUW TaHWUH, KOTOPBIA 00pazyercs B
JUCTBSIX U JIMCTOBBIX I'aJUlax Pas3JIMYHBIX BUAOB pacTeHus cymaxa. Oc-
HOBHBIM KOMIIOHEHTOM TaJUIOTaHWHA SIBJSETCS MEHTArauIoWIIIIKO3a.
DnnaroBble AyOWJIbHBIE BELIECTBA (COCTOAT M3 3JUIArOBOM KHUCIOTHI)
coziepKaTcsl B KOPKE I'paHaTa, KOXKYype HE3PEJbIX I'PELKUX OPEXOB, MHU-
poOHMIIMHAX, IPEBECHHE IBKATUITA.

KonnencupoBanubie 1yOuiIbHBIE BEUIECTBA SIBISIFOTCS MOJUMEpa-
MU KaT€XWHOB WJIM aHTOLIMAHOB WJIM CONOJMMEPAMHU 3TUX JIBYX THUIIOB
coenuHeHnil. OHU coaepKaTcs B KOPE UBbI, COCHBI, €11, TUCTBEHHHUIIbL,
JpeBECHHE HEKOTOPBIX BUJIOB aKallMH, KalllTaHa U yoa.

TepMuH «1yOuUIbHBIE BEUIECTBA» HCIOIB3YETCS TAKXKE B IHIIE-
BOH MPOMBINIICHHOCTH ¥ B TEXHUYECKOH OMOXMMUU, JUIsI 0003HAYCHHUS
0os1ee HU3KOMOJIEKYJISIPHBIX COSAMHEHUHN, 00Ia1al0IIUX BXKYITUM BKY-
COM, HO HE CIIOCOOHBIX K UCTUHHOMY JyOneHuto. K nmumieBsiM 1yousib-
HBIM BEILECTBAM OTHOCSIT TUMEPHI KaTEXUHOB, 00pa3yIOIUecs Mpu U3-
TOTOBJICHMHM YEPHOTO 4as (MMEIOT ci1ab0 BSKYIIMHA BKYC W XapakTep-
HYIO 30JI0THCTO-KPACHYIO OKPACKY).

DU3MO0JIOTNYECKOE 3HAYEHHE AYOMJIbHBIX BEIIECTB CBSA3aHO C UX
Y4aCTHEM B OKHCIIMTEJIbHO-BOCCTAHOBUTEIBHBIX PEAKLIUSIX.

XapakTepHo#l peakuueldl Ha AyOWJIbHBIE BEILECTBA SIBJSETCS I0-
YepHEeHHe UX Ipu 00paboTKe cabbiM pacTBOPOM XJIOPHOTO XKele3a.

Hean padorbl. OnpeaenuTh HaTUYUE TYOMIBHBIX BEIIECTB B JIU-
CThsIX 1y0a, KOMHaTHBIX PAaCTE€HUH, KOPE UBbI, B YEPHOM Hae.

Xoa pa6oThl.

1. M3MenbueHHYI0 Maccy KOpbl UBBI, JIUCThEB 1y0a, KOM-
HATHBIX PACTEHUH WM Yasi IOMECTUTh B IPOOUPKY, 3aJUTh BOJION U KU-
IIATUTH B TEUEHUE 5 MUHYT.

2. B yuctyto npoOupky HalauTh 1 MJI MOTY4EHHON BBITSKKH
U IpUOaBUTH 2 KaIUIM XJIOPHOTO JKeje3a.

[TosiBiieHne yepHOI OKpacKH pacTBOpa CBUIECTEIBCTBYET O HAIM-
YUU AyOUIILHBIX BEIIECTB.

Pe3ynbrarel HaOMIOIEHUI OTMEUAIOT B Ta0J. U JENAOT BBIBOJIBI.

Hanu4yune 1yOM/ILHBIX BELIECTB Y PA3JIMYHbIX PACTEHUH
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Peaxnusa Ha xsopHOE Hannune nyounbHbIX
HKENEe30 BELICCTB

O0BeKT

Martepuajabl 1 000pya0BaHUe: Yaii, JIUCThs JyO0a U KOMHATHBIX
pacTeHuii, Kopa uBbI U 1y0a, MPOOUPKHU, TUIETKH, pap(HOpOBHIE YaIIKH,
pacTBOp XJIOPHOTO Keje3a.

Tema 7. POCT H PA3BUTHE PACTEHUH

Pocm u paszeumue pacmenuii - BaxHenmme (QpU3NOIOTHISCKHE
MPOLIECCHI, OMPEEIAIONINE CTPYKTYPY, BEIMUMHY U KAaU4€CTBO YpOKas.
[TosToMy arpoHOM MOJDKEH XOPOIIO 3HAaTh WX, YMETh HCCIEAOBAaTh U
KOHTPOJIHPOBaTh. PocT — HEOOpaTuMoe yBeNUYeHHE Pa3MEPOB M MacCChl
Teja, CBA3aHHOE ¢ HOBOOOPA30BaHUEM 3JIEMEHTOB CTPYKTYPhl OPTaHU3-
Ma. PocT pacTeHust ckiaJpIBaeTCsl U3 pOCTa KIETOK, TKAHEH M OpPraHoB.
Pa3Butne — kauecTBeHHBIC U3MEHEHUS CTPYKTYPhI M QYHKITUNA PACTECHUS
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U €ro OTAEJBbHBIX YacTeW — OPraHoOB, TKAHEH U KIIETOK, BO3HUKAIOIUE B
IIpOIeCCe OHTOTeHE3a.

Bce nponeccsl pocTta U pa3BUTHsI paCTEHUN OCYILECTBIISIIOTCS Ue-
pe3 aerneHue, pacTsbkeHue u auddeperunanuo kinerok. Poct B JunHy u
BETBJICHUE MOOEroB M KOPHEH NPOHCXOIAT Oiaroaapst AEATEIbHOCTH
anMKaJIbHBIX MEPUCTEM BEpXYLIEK I00ETr0B U KOHYMKOB KOPHEH; POCT B
TOJIIIMHY — B pe3yJibTare JIeATeIbHOCTH KamOusi. B nmepuos pocra kieT-
KM MEPUCTEM U KaMOMs HENPEpPhIBHO AEATCS: BHEUIHSSI 4acThb KIJIETOK
OCTaeTcss B MEPUCTEMHOM COCTOSIHWH, a BCE OCTAJbHBIC PAacTyT U AU-
(bepeHIpyOTCA B TKaHU M opranbl. Cie1oBaTeNbHO, Kax/aas KIeTKa B
mporecce pocTa MPOXOIUT TPH (a3bl: MEPUCTEMHYIO, M dMOPHUOHAIb-
HYIO; POCTa, WK PacTsLKeHus; 1 depeHuuanim.

OOmuit 3aKk0H pocTa — €ro HepaBHOMEPHOCTb, WIM NEPUOANY-
HOCTb, 00yCJIOBJI€HHAasl BHYTPEHHUMHU NpUYMHamMu. BHauane poct opra-
Ha WJIM BCEro pacTeHUs MPOMCXOJUT MEIJIEHHO, 3aTeM ObICTpee W IO-
TOM CHOBa 3ameaisierca. Hapactanue o0uieil maccel opraHa uiu pacre-
HUS TpadUUecKy BBIPAXKAIOT B BUAC IUIAaBHON S-00pa3HON KPUBOM, CKO-
POCTh pOCTa, MJIM IPUPOCT MACChl, B BUJIE IUIaBHOM, Oosee WM MeHee
CUMMETPUYHOU KPUBOU C OJHUM MAaKCUMYMOM.

K BaxxHOMYy BHYTpeHHeMY (DaKTOpy pOCTa M pa3BUTHUS PACTECHHM
OTHOCSIT BEIIECTBA BBICOKOH (DM3MOJIOTMYECKON aKTUBHOCTH, OOBEIH-
HsIEMBIE 110J] HA3BaHUEM PETYJISATOPOB POCTA U Pa3BUTUA. DTO ayKCUHBI,
ru00epeuIMHbI, IIUTOKUHUHBI U UHTUOUTOpHl pocTta. [lockonbky yka-
3aHHBIE BEIIECTBA B OJHUX TKAHAX M OpraHax pacTeHus W, MepeiBura-
sCh JEMCTBYIOT Ha Jpyrue TKaHU U OpraHbl, UX Ha3bIBAIOT (PUTOTOPMO-
HamH. B 3aBuCMMOCTH OT (PU3MOJIOTMUYECKOTO COCTOSHHUS PACTEHMS,
KOHLEHTPAallMd ¥ COOTHOIICHUS (PUTOTOPMOHOB, MOCIEIHUE MOTYT
CTUMYJIUPOBATh WIM TOPMO3UTh TOT WJIM MHOM (hPU3HOIOTHYECKUi Mpo-
LIECC, YCKOPATDH WM 3aMEJISATh €ro.

CHHTE3MpOBaHO MHOT'O HCKYCCTBEHHBIX PETYJSATOPOB poOCTa pac-
TEHUH, KOTOPbIE MHUPOKO MPUMEHSIOT: JJIs MOJIaBJICHUS pa3BUTHS COp-
HSIKOB; TP YKOPEHEHUH YEPEHKOB; JJISi HApyLICeHWsS WM BBI3bIBAHUS
COCTOSIHMSI TIOKOSI pacCTEHU; OMaJieHus JUCThEB; YCKOPEHUS OMaJleHus
M3IHMIITHUX 3aBs3ed M MPeaynpexaeHus NpeayOopOoyHOro OINajeHus
IJI0JI0B, YBEIMYEHUS MX Pa3MepoB; MOJYyUEHHUS MapTEeHOKAPIUUYECKUX
(6ecceMsHHBIX ) TLI0JIOB.
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Ha pocT u pa3BuTHe pacTeHHUH BIUSIOT BHEIIHHE (DAKTOpPBI: WH-
TEHCUBHOCTb U CIIEKTPAJIBHBIN COCTaB CBETA, NPOAOJKATEIBHOCTD JHS
Y HOYH, TEMIIEPATYpPA U BIAXKHOCTb BO3/yXa U IOYBbI, OPraHUYECKUE U
MUHEepaJIbHbIE yJ00pEHUs.

PaGora 1. OnpenesieHue 30H pocTa B OpraHax pacTeHHi

JUi U3y4eHHsl pOCTOBBIX MPOLIECCOB IIMPOKO MPUMEHSIOT METOJ
HAHECEHUS] METOK Ha IMOBEPXHOCTh OPraHa Yepe3 OJMHAKOBBIE paccTos-
Hus. [lo Mepe pocra opraHa paccTosHUS MEXAY METKaMU YBEIU4YMBa-
IOTCSL M1 MOTYT OBbITh MCIOJIB30BaHbI JUIsl XapaKTEPUCTUKN UHTEHCUBHO-
CTH pOCTa Pa3HbIX YYACTKOB pPacTyIEW 30HbI OpraHa.

MeTKM HaHOCAT TYIIBIO (PAacTHPAIOT CyXylo Tyllb B 5%-M pac-
TBOpE JCKCTPHHA WM AIbOYMUHA) WIM MapKHPOBOYHOH >KHIKOCTHIO,
MOJyYeHHOM W3 CakKW WJIM aKTMBMPOBAHHOIO YIUIA M Mapa(uHOBOIrO
Macia (Caxy WM aKTUBUPOBAHHBIN Yrojib paCTHPAIOT ¢ MapauHOBBIM
MacJioM 10 00pa3oBaHUs I'yCTON XKHUAKOCTH). [l HaHEeCeHHsI METOK HcC-
M0JIB3YIOT LIETUHKY, IPUBSI3aHHYIO K MAJ0YKEe, TOHKO 3aTOYEHHYIO Jie-
PEBSIHHYIO NaJIOYKY, CMOUEHHYIO TYUIbIO MJIM MapKUPOBOUHOW KHJIKO-
CTBIO.

Xoa padorel. Onpedenenue 30ubt pocma kopusa. CeMeHa ropoxa
Wi ($acoiu, KyKypy3bl IPOpPALIMBAIOT BO BJIAXKHBIX ONUJIKAX, B KOTO-
PBIX CTEKJITHHOM MaJIOUKOM /enaroT yriayOieHus A1 cBOOOJIHOTO CTPO-
IO BEPTUKAJIBHOTO pOoCcTa KOpHS. 3aTeM Ha Hebombine JUIMHON 1.5-2cMm
COBEPILLIEHHO MPSMBbIE MPEABAPUTEIBHO OCTOPOKHO 00CYyIIEHHBIE (DUITb-
TPOBaJIbHOM Oymaroil KOpHH (TpH — YEThIpE KOPHsI) HAHOCIT MeTKaMu |
MM. MeTKu A0JKHBI OBITH TOHKUMH M XOPOILIO 3aMeTHBIMU. [lanee mpo-
POCTKM MOMELIAIOT B OJaronpusaTHbIE IS POCTa YCIOBHS: BIIaXKHBIE
KaMephl, TeMHble koMHaThl mpu 20-25°C. Uepes cyTku H3MepsIOT pac-
CTOSTHUSI MEX/Ty METKaMH (TP yBEIHMUYEHUH IIMPUHBI CAMUX METOK H3-
MEPSAIOT OT UX CEPEeIUHBI) M BBIYUCISIOT CPEJHUH CYTOUHBIM MPUPOCT
Pa3IMYHbIX y4acTKOB KOpHs (puc.l.).
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norelses. ru

Puc.1. IIpopocTok ropoxa ¢ HaHeCEHHbIMU MeTKaMM

Pe3ynbrarel BelpakaroT rpaduyecku, OTKIaAbIBas 10 OCU alducc
HOMEpa OTPE3KOB, a M0 OCH OPJMHAT — MPUPOCTHI. [lenatoT BBIBOABI O
XapakTepe pocTa KOpHs. Pe3ynbTaThl OmbITa 3amuchIBalOT 1O (popme

(tab.)

dopma 3anucH pe3yJbTaTOB

Howmep
MPOPOCTKA

3oHa npupocTa, MM

1 | 2 [ 3] 4

| 5 | 6 [ 7 [38

|

9 | 10

1

2
3
4

IIpoodonoicenue

Howmep
IIPOPOCTKA

3oHa 11

PUPOCTA, MM

11] 12 [13[14] 15

16 | 17 [ 18 [ 19 20

IIpumeuanue

1

2
3
4

Onpeoenenue 30Hbl pocma cmebOai. MeToj OCHOBaH Ha ydyere
MPUPOCTOB PA3IMYHBIX YYaCTKOB CcTEOJIs 3a CyTKW. Ha deTwipex mpo-
POCTKaX MOACOJIHEYHUKA BBICOTON 2-3 CM TYIIbIO HAHOCAT (HaYMHas OT
BEPXYIIKK MPOPOCTKA) MO JAECATH METOK Ha PACCTOSHUH 2MM YT OT
apyra. ITpopocTku ToMemaoT B TemHoe MecTo mpu 20-25°C. Uepes
CYTKH W3MEpSIIOT TPUPOCT PA3IUYHBIX YYaCTKOB cTeOIis. PesymbraTh

78




OTIBITa 3aMUCBHIBAIOT B TETPAIh U BBIPAKAIOT Irpadruecku, OTKIAIbIBas
Ha Ocu a0CIUCC MOPSIKOBBII HOMEp METKH, a 110 OCH OpJAHWHAT — MpHU-
poct. JlenmaroT BBIBOJIBI O XapakTepe pocta crebiisi. Pe3ynbrarsl onbita
YUUTBHIBAIOT MO (opMe, YKa3aHHOW IPU OMpeAesIeHUU 30HbI pOCTa KOp-
HAL.

Marepuanbl u obopynoBanue. [IpopocTku ropoxa ¢ KOpHSIMU
JUIMHON 1.5-2¢cM, MPOPOCTKM MOJCOJHEYHHMKA BBICOTOM 2-3cM, BbIpa-
HICHHbIE B TEMHOTE, TYIIb WJIM MAapKUPOBOYHAS >KUIKOCTh, IPEBECHBIC
onuiku. IIpenapoBanpHble UITIBl UM TOHKO 3aTOYEHHBIE JIEPEBSIHHBIC
MaJI0YKH, MIJJTUMETpPOBasi Oymara, BlIa>KHbIE KaMephbl.

PaGora 2. Ha6.1ronenne sipycHOM U3MEHYHBOCTH
Mop(do1oru4ecKuX NPU3HAKOB

Mopdonoruueckue TpU3HAKK METAMEPHBIX OPraHoB (JIUCTHEB,
MEXIOY3JIUi CTeOJIs1) 3aKOHOMEPHO HM3MEHSIIOTCS B 3aBUCUMOCTH OT
sapyca modera. 9T0 XOpOIIO MPOCIEKUBACTCS IPU CPABHEHUHU Pa3MeEpOB
1 (DOpPMBI JIMCTHEB WM JUIMHBI MEXKIOY3IUH pa3HbIX spycoB. OT HHXK-
HUX K BEpXHHM spycaM moOera pazMepsl JIMCTHEB CHauania yBEIMYMBa-
IOTCS, a 3aTeéM, JIOCTUTHYB OMPEIEICHHOTO MaKCUMyMma, HaYMHAIOT
YMEHBIIATHCS. Y HEKOTOPBIX BHUJIOB PACTCHHI 3aKOHOMEPHO U3MEHSIET-
CSl U PACCEYEHHOCTh JIMCTOBBIX TUIACTHMHOK (XJIOMYATHUK, TOMAT U JIp.)
[Ipu rpaduyeckoM BBIpaKEHUU SPYCHOM H3MEHUYMBOCTH MOIy4aeTcs
OJIHOBEPIITMHHAS KpUBasl.

Xoa pa6oTsl. Y pacTeHUM MIIEHUIBI WIH SYMEHS, HaXOSAIINXCS
B ¢ase kojomeHus (WId [BETEHUs) U, CIIe0BATEIHHO, CHOPMHUPOBAB-
IIUX JINThSI B KaueCTBE MOKAa3aTesii METAMEPHOM WM3MEHYMBOCTH. JlJist
ATOTO Y JIMCTa KXKJIOTO sIpyca U3MEPSIOT MHUPUHY OCHOBAHUS TUIACTUH-
KU U ee ITUHY. 3aTeM pacCYUTHIBAIOT ILJIOIA/Ib JTUCTHEB MO (HOpPMYIIe:

S=2/3kxx,

rae S — muomans JMcTa cM?, K — mmpHHA OCHOBAHMS JTHCTA, X —
JJINHA IIJIAaCTUHKH.

BreruepunBaror rpaduky, Ha KOTOPBIX OTPAXKAIOT HW3MEHEHHE
MJIOMIAIN JINCThEB B 3aBUCUMOCTH OT sipyca mobera(puc.l.). Ilo ocu
abciucce OTKIIABIBAIOT HOMED SIpyca, CUYUTasl CHU3Y, a MO0 OCH OpJHHAT
— IJIOIA/Th JINCTHEB.
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ITnowaow nucmoves, cm?

Apycol nobeza
Puc. 1. 'paduk u3mMeHeHUs MJIOIIATH JUCTHEB B 3aBUCHMOCTH
oT sipyca modera

MaTepHaJIBI H 060pyz[03a}me. Pacrenus mimeHUIbI UK STYMEHS
B (1)3,36 KOJIOIICHUA WKW OIBCTCHUA, JIMHCHKH.

Padora 3. Onpenesnenne CHJIbI pOCTa CeMSIH METOA0M
MOP(}OPU3HO0TOTHIECKOH OLIEHKH MMPOPOCTKOB

Haubonee noiHO MCTUHHBIE TTOCEBHBIE KAUeCTBAa CEMSIH XapaKTe-
PHU3YIOTCSL CHIJION POCTa, T.€. CIIOCOOHOCTBIO MPOPOCTKOB K OBICTPOMY,
JOPYKHOMY IPOPACTAHMID M HMHTEHCHMBHOMY pocTy. Ha cmimy pocra
OoJbIII0€ BIMSIHHE OKa3bIBAIOT KPYIHOCTh CEMSIH, YCIOBHUSA UX (OpPMHU-
poBaHUsA W XpaHEHHs. s 1moceBa MCHOJB3YIOT CEMEHA, CHIIBI POCTa
KOTOpbIX HE MeHee 80%.

enb paboThl — U3yYUTh 3aBUCHMOCTb CHJIBI POCTa OT Macchl 3€p-
Ha, METEOPOJIOTNYECKUX YCIIOBUM IOJa IOJIYYEHHUs YpOxKas, JJIUTEIIb-
HOCTH XPaHEHHsI CEMSH, a TAK)K€ HUCCIEA0BaTh BIUSIHHE KyMapHHA Kak
OJIHOTO M3 aJIJIEJIONATUYECKUX areHTOB Ha IIPOpacTaHUE CEMsH 3€pHO-
BBIX KyJlbTyp. CHily pocTa ONpenessitoT IPOpalliBaHUEM CEMSH B PY-
JIOHAX U BBIPAXKAIOT B MPOILIEHTaX CHMJIBHBIX IPOPOCTKOB K OOIIEMY YHC-
JIy CeMsiH B TIpo0e.

Xona padorbl. /11 kaxa0ro BapuaHTa 0epyT OTAEIbHYIO OJOCKY
MTOJIN3TUIIEHOBOH TUIEHKHU pazMepoM 60X 15 cm, KOTOpYyrO UCIIONIB3YIOT B
KauecTBe JIOKa I ceMsiH. Bo BCIO IIIMHY MPOBOJAT JIUHUIO KapaHa-
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IIOM Ha PAacCTOSHMM 5CM OT BepxXHero kpas. Ha sty nuHuio yknanbisa-
10T 50 ceMsH 3apoblllIeM BHU3 Ha PAcCTOSIHUU 1CM OJHOTO OT APYro-
ro. HakpsIBaroT cemeHa 1o Bced JUIMHE JIOXKa YBJIAXKHEHHOM II0JIOCKON
GuIbTPOBANBHOM OymMaru LIMPUHON SCM, CBEPTHIBAIOT B PYJIOH, CBSA3BI-
BAIOT LINAraToM, CHa0>KaloT STUKETKON U CTaBSAT BEPTUKAIBHO B COCY/,
Ha JHO KOTOPOro HanmuTta Boja. lIpym m3ydyeHuu BIMsAHUSA KyMapHHa Ha
CHJIy pOCTa CEMSIH KOHTPOJIbHBIE CEMEHa CTaBST Ha MPOpAalIBaHUE B
BOJ1y, ONIBITHBIE — B PACTBOP KyMapHHa KOHIeHTpauuei 50 mr/i.

Puc.1. IIpopocuiue cemeHa MeHUNbI:
A) ¢ ucnonvzosanuem kymapuna,; b) 6e3 ucnonvzosanus kymapuna

[IpopamrBaroT ceMeHa B TEMHOTE B T€UEHUE MATU JHEH pU TeM-
neparype 20°C. 3aTeM pa3BOpauMBalOT PYJIOH, OLEHHBAIOT MPOPOCTKH
0 MATUOATUTHPHOM ITKAJIe, ONIPEIETISIOT CHIPYI0 MacCy HA3eMHON YacTh
u KopHell A Bcex 50 mpopocTkoB BMecTe. KadecTBO MpopoCTKOB olie-
HHUBAIOT MO CJICAYIONICH IIKaJe:

Cunvusie npopocmku bann
JnuHa pocTKa MpeBbIIaeT SCM, JIMCT BBILIEN U3 KOJIEONTHIIS UK pa- 5
BEH €r0 JIJTHHE, YUCIIO 3aPOJIBIIIEBRIX KOPEIIKOB — MATh U O0Jee
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JlnmuHa pocTka He MeHee 4cM, JIUCT B KOJICTITUIIE, IPEBBIIIAET 3/4ero
JUITMHBI, YUCJIO 3aPOJIBIIIEBBIX KOPEUIKOB — HE MEHEE YEThIPEX
JliinHa pocTka He MeHee 2.5¢M, JIMCT B KoJieonTuiie 0oiee 2 ero
JUIMHBI, YUCJIO 3aPOJIBILIIEBBIX KOPELIKOB — HE MEHEE TPex

Cnabvle npopocmku
JnuHa poctka MeHee 2.5 ¢M, JIUCT MEHEE /2 JIMHBI KOJICONTHII,
YHCJIO 3apOABIIIEBBIX KOPELIKOB — JBa U OoJiee
PocTok 1o nnmHe MeHee ABYX JJIUH 3€PHOBKH, YUCIIO 3aPOABIIIEBBIX
KOPEILLIKOB — J1Ba U Ooiiee
KonnuecTBo HEHOPMAaIBLHO MPOPOCIIUX CEMSH
KonmdectBo Henpopocmux (HaOyXIINX, 3aTHUBIIUX, TBEPIBIX )

Pesynbrarel HaOMrOICHNI 3aTUCHIBAIOT 110 (hopme (Tabd.). JlenaroT
BBIBOJIbl O BJIIMSIHUW YCIIOBHH BBIPAIIMBAHUS, JUIMTCILHOCTH XPaHCHHUSI

CEMSIH U ACHUCTBUU XUMUYECKUX PETYISATOPOB HA CUJTY POCTA.

Mopdodpusuosornyeckasi OeHKa NPOPOCTKOB

OreHka B Oammax CymmMma Cuina Celpasg macca, T
5 4 3 2 1 6amroB | pocra,% HaJ3eM-
HOM ya- >

CTH

BapuanTt
KOpHEeH

OTHoLIeHNE
MAacChI
HaJI3eMHON
YaCTH K
Macce Kop-
HEeN

Marepuanbl u o6opyaoBaHue. TeXHHUUECKHUE BECHI, KPUCTAIUIH-
3aTOpPBI, MOJOCKU MOJIUITHICHOBOM MJIEHKH U (QMIBTPOBAIBHON Oymaru,
1irnaraT, CEeMeHa MIIEHUIbI U PXKU Pa3HbIX JIET ypoxkas (KpymHast U MeJ-
Kasg (Qpakuuu ceMsiH), KyMapHH, METEOPOJOrMUECKUE JAaHHbIE MOCHE-

HUX TpeX JeT.

PaGora 4. 3aBucuMOCTb NPOPACTAHUS CeMSIH U POCTA pacre-

HHM OT POCTOBBIX BellecTB dHA0cnepMma (o Y.Pyre)

Xoa pabotbl. {75 onbiTa UCHOJIB3YIOT OUMIIEHHBIE OT IUIEHOK
3epHa OBca, s;luMeHs U Apyrux 3nakoB. Oroupator 100 3epen, mo 25 B
Kaxa0oM BapuaHTe. OCTpbIM CKalblI€JIEM OTPE3al0T y CEMSH IEPBOro
BapuaHTa 1/3 sHI0CTIEpMa, y CEMSIH BTOPOro BapuaHTa — 2/3 sHaocnep-
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Ma U Y CEMsIH TPEThEro BapuaHTa — Bech dHa0cnepM. CeMeHa yeTBepTo-
ro BapHaHTa OCTAaBJISIIOT LETbIMU (KOHTPOJh). Bce cemena omHoBpe-
MEHHO HaMa4yuBaeT B BOJOIIPOBOIHOM BOJIE.

Bapuanrtsr 1 2 3 4 (KOHTPOJIB)
Puc. 1. Cemena mmeHHUbl ¢ YAaJCHHBIMH JHI0CIEPMaMHU M
neJjoe

Heo6xoanMo BecTH HaOIIIOICHHS 32 HAYaJIOM IIPOPACTAHUS CEMSH
U UX JATbHEHIINM POCTOM B TEMHOTE.

[Tpopacranue ceMsiH HACTYIUT TeM ObICTpee, YeM OOoJIbIasi 4acTh
’HJ0CIepMa ObLIa OTpe3aHa, HO JaTbHEHIINI pOCT MPOPOCTKOB CHIIBHO
TOPMO3UTCH.

Marepuaibl u o6opyroBanue. CeMeHa, OUHIIEHHBIE OT IUICHOK,
3€pHA AYMCHA W JAPYIrux 3JIaKOB, CKaJbIICIIb, YAallIKH HeTpI/I, XUMHU4Ye-
CKHE CTaKaHBI.

Padora S. Biausinue Ha pocT pacTeHHMi a3panuu

Kucnopox mouBsl mmeeT OOJbIIOE 3HAYCHHE IUISI MPOPACTAHHS
CceMsiH. Y HEKOTOpPbIX BHMJIOB MOrpeOeHHbIE B IOYBE CEMEHA JIOJIIO CO-
XPaHSIT BCXO0XKECThb, NMPEObIBas B YCIOBUSX BBICOKOH KOHILIEHTPALMH
C02, HemocTaTka KHCIOpPO/a, BIAKHOCTH U CBETa, HO, Oy/yud BBIHECE-
HBI Ha IOBEPXHOCTb, YCIEIIHO IPOPACTAIOT.

Xoa pa6orbl. HeoOxomuMmocTh KuCIOpoaa Uit POCTa MOMKET
OBITh BBISIBIIEHA B OMNBITE IO MPOPANIMBAHHIO CEMSH B YCIOBHSX pas-
JTUYHON asparuu. s onbita 6epyT 6aHkH (KenaTenabHo y3Kkue). B 6an-
KM HachIIAIOT JI0 Pa3HOTO YPOBHS BIAKHBIH MECOK, HA IIOBEPXHOCTH €r0
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MOMEIIAI0T CEMEHa, BCXOXKECTh KOTOPBIX npoBepeHa. [lecok Heobxoau-
MO yBIaXHUTH A0 80% OT MOJIHON BIIarOeMKOCTH B 001iel Macca. ban-
KM 3aKPBIBAIOT KAYYYKOBBIMH WJIM KOPKOBBIMH NMPOOKaMu (IOCIETHHE
napapuHupoBars). O6beM BO31yXxa B HUX B 3aBUCHUMOCTH OT KOJHMYe-
cTBa mecka Oynet pasnuunbiM (puc.11l). Bectu nHabmoaenue 3a mpopac-

TaHUCM CCMSH.

Matepuaabl u odopyaoBanue. CTeKIsSHHbIE OaHKM, CEMEHA, IECOK,
Kay4yKOBBIE MM KOPKOBBIE TIPOOKH.

Pabora 6. Uzyuenne poToTponuszma pacreHui

Pacrenus npu HEIOCTAaTOYHOM OCBEIIEHUH BCETAA PACTYT B CTOPOHY
cBeTa. DTO sIBIIEHUE HOCUT Ha3BaHWE (POTOTpONH3MA, B JAHHOM CIIydae
— TMOJIOKUTEIBHOTO.

Kopnu pacrenuii HaxoasaTca B 3eMJie, CBET U UX POCTa HE HYXKEH,
MO3TOMY y OOJIBIIIMHCTBA PACTEHUH KOPHHU (POTOTPONUYECKH HEHTpalib-
Hbl. Ho y psina pacteHuil KOpHU CIIOCOOHBI MPOSBIATH MPH OCBEIICHUN
OTYETIUBYIO OTPUIATEIBHYIO PEaKIHI0, U3TM0asACh OT MCTOYHHKA CBE-
Ta.

Bo Bna)xHBIX ONMIJIKaX BBIPACTUTE IMPOPOCTKU HCCIELYEMOIO pacTe-
HUS TAKUM 00pa3oM, YTOOBI KOPEIIOK OBUT MPsIMBIM. MOXKHO TaKKe BbI-
pacTuTh pacTteHue B mpoOupke. B Kycouke mpoOku WM HEHOIUIacTa
MpoJiesiaiiTe OTBEPCTHE U MPOIYCTUTE B HETO KOPEIIOK PACTEHHUS.

84



[TpoOKy ¢ yKpemIeHHBIM MPOPOCTKOM ITIOMECTHUTE B CTaKaH C BOJOU U
MEPEHECUTE B TEMHOE MECTO Ha CYTKH. 3a 3TO BpeMs MOJ JECUCTBUEM
CWJIbl 36MHOT'O TATOTEHUS KOPEHb BBIPACTET OTBECHO BHM3, a CTE€OEIb
BEPTUKAIBHO BBEPX.

N3menuTe ycinoBust ocsemieHus. [locraBpTe cTakaH ¢ NpOPOCTKOM B
(GOTOTPONMUYECKYI0 KaMepy WJIM HAaKpOITe YepHBIM KOJIIAKOM C pacro-
JIO)KEHHBIM COOKY OTBEPCTHEM ISl CBETa. YIKE Uepe3 HECKOJIBKO YacoB
MOKHO 3aMETUTh U3MEHEHHS B OPHEHTALIMU OPTraHOB: cTeOeNieK Hauu-
HaeT U3rudaThbCcsi B CTOPOHY CBETA, & KOPEHb — B MPOTHUBOIIOJIOKHYIO
(puc.l).

[IpoBenute XpoHOMETpaxk omnbiTa. BCKOpE CTaHOBHUTCS SICHO, YTO B
cTe0Je 3aTeHEeHHas CTOpPOHA pacTeT ObIcTpee, YeM OCBellaeMasi, uTo
MPUBOUT K U3TUOY B CTOPOHY UCTOUYHHKA CBETA.

Habmonass 3a pa3ButueM u3ruba B KOpHE, OTMETHTE, YTO B HEM
ObICTpee MPOUCXOAUT POCT KIETOK OCBEUIAeMOIl CTOPOHBI. Topmoxe-
HUE POCTa 3aT€HEHHOI CTOPOHBI BBI3BIBACT U3TUO OT CBETA.

[IpoTuBononOXHas peakius cTe0as U KOPHS Ha OJHO U TO K€ BO3-
JeCTBHE YKa3bIBAeT HA pa3iuyue (PU3NOIOTHYECKUX CBOICTB KIIETOK
3THUX OPraHoB.

U B xopHe, u B cTebiie AeiicTBUE CBETa BOCIPUHUMAETCS BEPXYILIKOU
opraHa, a M3rud IPOUCXOJUT HUXKE, B TOW YACTHU, TJ€ KICTKU MPOXOIAT
(bazy pacTsHKeHHs.

Puc. 1. ®oroTrponusm credsist 1 KOPHS TOPYHILBI.

9 YcTaHOBIIEHO, YTO NMPU HEPABHOMEPHOM OCBE-
e HIeHUH CcTe0Isi B HEM  MPOUCXOTUT  Tepe-
E pacripeiefiecHue TOpMoHa aykcuHa: 10 75 % ero

IepeMENIAcTCs Ha 3aTEHEHHYIO CTOPOHY. JTO IPH-
i BOJUT K YCWJICHHIO PACTSKCHMS KJIETOK M yJUIMHE-
| HUIO 3aTEHEHHOM CTOPOHBI.
P B xopHe 60:b111yI0 poJib B TOPMOXKEHUH POC-
Ta 3aTEHEHHON CTOPOHBI UIPAET, BEPOSITHO, a0CIIH-
30Basi KMCJIOTa, KOTOpas CUHTE3UPYETCS] B KOpPHE-
BOM YEXJIMKE M HAKAIJIMBAETCs B OOJIBIIOM KOJMUYECTBE HA 3aT€HEHHOU
CTOPOHE.

Marepuanbl u 000pyiOBaHMe: CEMEHAa pPacTEHMH ceMelcTBa
KPECTOIBETHBIX (TOPYMIIBI. CAPENTCKOM, pe/rca MOCEBHOT0), HEBBICO-
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KUH CTakaH, KycoueK NMPOOKU WJIM TEHOIUIAcTa, YePHBIH KOJIMAK C He-
OOJIBIIIMM OTBEPCTHEM JIJIS CBETA.

Tema 8. [IPHCIIOCOBJIEHHE H YCTOHYHBOCTH
PACTEHHHUH

YcTolunBOCTh pacTeHuil K HEOIAronpUsATHBIM YCIOBUSAM CPEJib
C TOYKM 3pEHUs arpOHOMMYECKOM HAyKM OLICHMBAECTCS 10 TOMY,
HACKOJIBKO IPOJYKTUBHOCTb PACTEHUH O] BIUSHUEM 3THUX YCIOBHM IO
CPaBHEHHIO C MPOAYKTUBHOCTHIO MX Ha ONTHMaibHOM (oHe. OneHka
YCTOMYMBOCTH PAaCTEHUM K 3KCTpEeMaJIbHBIM (akTopam (X0JI01y, MOpO-
3y, 3acyxe, JKape, 3aCOJIE€HHOCTH) Ba)kKHa I CEJNEKIIMOHHOM U arpoHo-
MUYECKON MTPAKTUKH.

Haubonee HanexHbie METOBI OIIEHKH YCTOWYHUBOCTH PACTEHHM K
HKCTpEeMalIbHBIM (PaKTOpaM — MpsIMbI€ TOJIEBbIE U BEreTalliOHHbIE Me-
Toabl. OmHAaKo OoJbIasi TPYAOEMKOCTh W TMPOJIOJDKUTEIBHOCTh ATHX
METOIOB BBIHYX/JIAIOT HCCJIEJO0BaTeNIiell MPUMEHATh pPa3HOOOpa3HbIe
YCKOpPEHHBIE JIa0OpaTOpHBIC U JTAOOPATOPHO-TIOJIEBBIE METObI IUATHO-
CTUKH YCTOWYMBOCTH PACTEHUM.

3umocToiikocThL U XoJIoA0CcTOMHKOCTh. Ha Tepputopum Haein
cTpaHbl HauOojiee T'yOUTENbHBI U1 PACTEHHM HU3KHE TeMIepaTypbl
BO3/1yXa 1 nouBbl. HU3KMe oTpuiaTenbHple TEMIIEpaTyphl OBPEKAAIOT
3UMYIOLIME PACTEHUs, HU3KUE IOJIOKHUTEIBHBIE TEMIIEPATypbl OKa3bl-
BalOT HEOJIAroNpUsATHOE BO3JEHCTBUE HAa XOJA (PU3UOJOTUYECKUX MPO-
1IECCOB M (OPMHUPOBAHUE YpOXKas TEIUIONIOOMBBIX pacTeHHi. B ecte-
CTBEHHBIX YCJIOBUSAX YCTOMUMBOCTH 3UMYIOIIUX PACTEHUI CKJIaJbIBAET-
Csl HA MOPO30CTOMKOCTH, YCTOWYMBOCTH K BBIIIPEBAHHUIO, BHIMOKAHHUIO,
NeNCTBUIO JIEASTHON KOPKU M 3UMHEN 3acyxH (y ApEBECHBIX pacTEHUH U
K COJTHEUHBIM OXKOTaM).
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Hcnonb3yloT HECKOJBKO CIIOCOOO0B AMATHOCTHKH COCTOSTHHS 3U-
MYIOIUX pacTeHUH. 1 03UMBIX — 3TO METOJ| OTPalMBAHUS MOHOJIU-
TOB; YCKOPEHHBIM, BOJHBIM METOA; OIPEACICHUE MOBPEKACHUS IO
OKpAIlIMBAaHUIO TKAaHEH KpacHUTENsMHU; 110 COCTOSIHUIO KOHYCa HapacTa-
HUSL.

3acyxoycroiiunBocTh. [IpobiieMa 3acyXOyCTOWYHMBOCTH pacTe-
HUH aKTyalbHa JUIi MHOTUX PETMOHOB HAlllel CTPaHbl C apUIHBIM KIIH-
MaToM. 3aCyX0yCTOWYMBBI T€ PACTEHHsI, KOTOPbIE CIIOCOOHBI B ITpoLECcCe
OHTOT'€HE3a MPUCIIOCAONIUBATHCS K JEHCTBUIO 3aCYXU U OCYILECTBIATH B
3THUX YCJIOBHUSX POCT, Pa3BUTHE U BOCIIPOU3BE/ICHHE.

®u3nosornyeckas 3acyXxoyCTOMUMBOCTh CKJIA/JbIBAETCS U3 CIIO-
COOHOCTEW pacTeHH epeHOCUTh 00€3B0KMBAaHUE U IEHCTBHE BBICOKUX
temneparyp. i IMarHOCTUKMU 3aCyXOYCTOMUMBOCTH IMPEANOYTUTEb-
HEee HCIOJb30BaTh MPSIMbIE METOAbI, HEMOCPEJICTBEHHO CBSI3aHHbBIE C
3aCyX0yCTOMYMBOCTBIO. K HUM OTHOCAT: OIIpenesIeHne 3aCyX0yCTOMYH-
BOCTHU B 3aCyLIHHMKaX; YKCUKATOPHBII METOJ] ONIpe/ieIeHUsl CIIOCOOHOCTH
pacTeHuil BBIHOCUTH OOE€3BOKMBAHHE; OIPEAEICHUE BOJOYIEP’KUBAIO-
el crocoOHOCTH; METOJI KOoaryJisiuu OEJIKOB; OIpelesIeHue THIpo-
(GUIBHOCTH KOJUIOMAOB IUTOIUIA3MBI, COJEP)KaHHUS CBOOOJHON W CBS-
3aHHOW BOJIbl, 3JJACTUYHOCTH M BSI3KOCTH HPOTOIUIA3MBbI, METOJ| Kpax-
MaJbHOM TIPOOKI U T.1I.

CoseycTOHYMBOCTb. 3HAUUTENIBHOE PACIPOCTPAHEHUE 3aCOJICH-
HBIX [10YB Ha TEPPUTOPHM HAIlleH CTPAHbI U CYIIECTBEHHOE CHIKEHUE
MPOAYKTUBHOCTH C/X KYJIBTYp B 3THUX YCJIOBMSAX BbI3bIBa€T HEOOXOU-
MOCTb OLICHKH CTEIEHH COJICYCTOMYMBOCTH pacTeHul. [locneanee nme-
€T Ba)XKHOE 3HAYCHME JUIS CEJIEKIIMM, NHTPOAYKIIMH U TEXHOJOTUHU BO3-
JIeJIbIBAaHUSI.

KpurepueMm cosieycTONYMBOCTH PACTEHUHN CIIY’)KUT CTENEHb CHH-
KEHUS] TPOAYKTUBHOCTH IPU 3aCOJICHUH IO CPABHEHUIO C MPOJYKTHUB-
HOCTBIO Ha HOpMaJIbHOM (oHe. Onpenensior coleyCTONYUBOCTh Mpsi-
MBIMH, a TaK)XK€ MEHee TPYJTOEeMKUMHU KOCBEHHbIMU MeTofamu. Ha 3aco-
JICHHBIX MOYBAaX OOBIYHO CHMKAETCS BCXOXKECTh CEMSIH, IIOATOMY OLIEH-
KY COJIEyCTOMYMBOCTH BBINOJIHSIOT 1O IMOKa3aTesIsIM MPOpPAcTaHUs Cce-
MsIH (3HEprusi MpopacTaHus, MPOLIEHT BCXOKECTH, CKOPOCTh IIpopacTa-
Hus). M3 KOCBEHHBIX J1a0OpaTOPHBIX METOJOB HamOOJee H3BECTHBI:
IJ1a3MaTHYECKH; ONIpeIeJIEeHEe CKOPOCTH PACKPBITUSL YCTBUI] B PacTBO-
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pax coJjeif; CTENeHn U CKOPOCTH «BBILBETAHH» XJIOpoduiia, Koauye-
CTBO aJIbOYMHHOB, IPOHULIAEMOCTH MTPOTOILIA3MBI U T.A.

PaGora 1. OnpeneJieHue 3aCyxXoycTOMYMBOCTH PACTEeHUI
NPOPALIMBAHNEM CEeMSIH HA PacTBOPAX caxapo3bl

CriocoOHOCTh pacTeHUi Ha MEPBBIX ATANax Pa3BUTUS HUCIOJB30-
BaTh BJIary B YCJIOBHUSX HEJOCTATOYHOTO BOJOCHAOXKEHUS CIYXXKHUT OJ-
HUM M3 BaXHBIX OMOJIOIMYECKUX U XO3HCTBEHHO MOJIE3HBIX TPU3HAKOB
copta. Onpenensiss KOJIMYECTBO IPOPOCIIMX CEMSH HAa pacTBOpax C BbI-
COKMM OCMOTHYECKUM JIaBJICHHUEM, UMMHUTUPYIOLIEM YCJIOBUS (hU3HO-
JIOTUYECKOW CYXOCTH, INPEACTABISAETCS BO3MOXHBIM OIPEICIIUTh Ha
pPaHHUX DTAIlOB OHTOI€HE3a OTHOCUTENIBHYIO 3aCyXOYCTOMYMBOCTb BH-
JIOB ¥ COPTOB.

Xoa padotbl. 50 MITYK ceMsH MPOTPABIUBAIOT B pacTBope (op-
MaJMHa B T€YEHHE 3 MUHYT M 3aTEM IOMELIAI0T B CTEPUIIbHBIC YALIKU
Iletpu Ha puabTPOBATBHYIO OyMary u MpopamuBarT B pacTBOpe caxa-
poss (10 M1 Ha gamky) npu Temmneparype +20°C B TeueHne 7 CYTOK.
BBICOKMII IIPOLIEHT NPOPOCIIMX B €axapo3e KOPPEIHUPYET C BBICOKOMN
CTENEHBIO 3aCYXOYCTOMYMBOCTH PACTEHUM IIPU BBIPAIMBAHUM B II0JIE-
BBIX YCJIOBUSX. B3siTble copTa NOKHBI OBITH OJMHAKOBBIMM IO CKOPO-
CIEJIOCTH.

Martepuanbl 1 000pyI0BaHHe: CEMEHA Pa3JIMYHBIX IO 3aCyXO-
YCTOMYMBOCTH COPTOB MIIEHMIIbI, Yaiku [letpu, ¢punbrpoBanbHas Oy-
Mara, pacTBOp caxapo3bl C OCMOTHUYECKUM JaBiieHHueM 16 atm., ¢popma-
quH (1mn Ha 300MI1 BO/IBY).

Padora 2. Onpenesnenne cTeneHy 3acyX0yCTOHYMBOCTH
pacTeHuii MO COCTOSTHUIO JUCTOBOro annapara (mo Kymakony)

Xoa padorbl. [l onpeneneHus CTENEHH 3aCyXOyCTOMYHMBOCTH
Pa3IMYHBIX PACTEHUH MOYKHO MCIIOJIb30BaTh J1Ba METOJA!

1)Onpezensiercs TIIONIAIb WIN JUTMHA JTIUCTHEB PACTCHUH TIIICHH-
16l pa3Horo sipyca. Tak Kak MpU MEepBOM IOSIBICHUU 3aCyXH Habiroaa-
€TCsl TOPMOXKEHHE POCTOBBIX MPOLIECCOB, TO OOBIYHO Y COPTOB HE3acy-
XOYCTOMYMBBIX Pa3MEpBI JTUCTHEB BEPXHETO SIpyca PE3KO COKPAILAIOTCS.

OTHolIeHNe TIOUIaAd WIN JJUHBI TOCIEIHEr0 BEPXHEro JIMCTa K
IUIOUIAIA WM JJIMHE MPEATOCIEIHErO JUCTa ABJISAETCS HANECKHBIM I10-
Ka3aTeJaeM CTENEeHU 3aCyXOyCTOMYMBOCTH pacTeHuiu. M3mepenus cie-
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ayet npoBoauts 1 50-100 pactenuii u 6path cpegHee apudMeTHUECKOe
U3 MOJYYEHHBIX IaHHBIX.

2) IlpoaomKUTENbHOCTh JKU3HU JINCTHEB OJHOMMEHHBIX SIPYCOB
HE OJMHAKOBas y 3aCyXOYCTOMUMBBIX M HE3aCyXOyCTOWYMBBIX pacTe-
HUI. DTO CBA3aHO TJIaBHBIM 00pa3oM C JESATENbHOCTHIO KOPHEBOM CH-
CTeMbl. B IOJIeBBIX YCIOBHSX NPOBOAST HAOMIONEHHS 32 CKOPOCTBIO
OTMUpaHMUS HIKHUX JINCTBEB B IEpUOJ 3acyxu. PaHHee oTmupaHue
HWDKHUX JIMCThEB NPH HEOJIArONPUATHBIX YCIOBUSX BOIHOIO PEXHMA
CBHJIETEJICTBYET O CIIa00W 3aCyXOyCTOHUYMBOCTH PACTEHUNA. JTOT MOKa-
3aTeslb XOpPOILIO KOPPENUPYeT C ypoXKalHbIMM JaHHbIMU. [ momyde-
HUSl JOCTOBEPHBIX JAaHHBIX UCIONIB3YIOT He MeHee 100 pacTeHuit Kax-
JI0r0 BapuaHTa WK COPTA.

Matepuaibl U 000pyI0BaHHMe: PA3JIMYHBIE IO 3aCyXOyCTOMUU-
BOCTHU COPTa NIIEHUIIbI B (pa3e KOIOIIEHUs, TMHEHKA.

Pabora 3. Onpenesnenne BoAOyaepKUBa0Ieiil ClIOCOOHOCTH
pacTeHui

Boooyoeporcusarowas cnocobnocms pacTeHU SBISETCS XOPO-
IIMM IIOKa3aTeJIeM BOJOOOMEHA pacTeHUI U yCTOMYMBOCTH UX K HeOua-
TONPHUATHBIM (haKTOpaM BHEUIHEHl cperabl. 3BecTHO, YTO HE3aBUCHUMO
OT TOBBIIIEHMS] WIM CHW)KEHUSI TEeMIepaTypbl U KOJWYECTBA BOJBI B
MOYBEHHOM DPACTBOpE WJIM aTMocdepe, y pacTeHUs! BCeraa CHUKAIOTCS
MHOTHE (DPU3MOJOTHYECKHE TPOIECCHl B pe3ysbTare 00€3BOKUBAHMSL.
UYeM BblIIIE BOAOYIEPKHUBAIOIIAs CIOCOOHOCTh pacTeHUil, TeM pacTeHue
ycToH4MBee K HEOJIarompUsTHBIM YCIOBUSM BbIpaluBaHus. Pactenus
CUMTAIOTCA yCTOMYMBBIMH, €civ 3a nepsble 30 MMH IOCJE cpe3a OHHU
TEpSIOT Boy He Oonee 4-5% OoT cBoel Macchl.

Xoa padorbl. Kaxmoro uccieayeMoro ydyactka OTOMparoT 1Mo 5
PacTeHM, OTWIEHSIOT Y HUX KOPHEBYIO CUCTEMY TaK, 4TOObI HE MOBpe-
IUTh cTeOeNb, OYHMINAIOT PACTEHUSI OT CTApBIX CYyXUX JIMCThEB. 3aTeM
HAJI3€MHYIO MacCy 5 pacTeHHMI CHadaja KOHTPOJBHOTO, & 3aTEM OIIbIT-
HOTO BapUaHTOB B3BELIMBAIOT HA AJIEKTpHUuYecKux Becax. [locme atoro
pacTeHHs aKKypaTHO PacKJIaIbIBalOT Ha CTOJIE TaK, YTOOBI OHU HE Kaca-
JUCh JIpYT JIpyra U HE MEIIAJu MCIIAPEHUI0 BOJBI JUCThIMU. PacTeHus
CleAyeT pacKiaabiBaTh TOJBKO B TeHH. Yepe3 30 MUH Ha TeX K€ Becax
pacTeHHsl IOBTOPHO B3BEIIMBAIOT. 3aTEM B3BELIMBAaHUE ITOBTOPSIOT Ye-
pe3 kaxpie 30 MuH B TeueHue 2 4. OnpenesistoT KOJIM4YeCcTBO NOTepsiH-
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HOM pacTeHHsIMU BOABI 3a Kaxable 30 MUH O pa3HULIE MEXIY Mpebl-
TyIIen U mocyeyroniei Maccoil. Pe3ynpratsl 3anmuchiBaroT B Ta0.

HepeC‘H/ITBIBaIOT KOJINYECCTBO HOTepHHHOﬁ BOAbBI B HpOI_IeHTaX oT
oOmeit ucnapsromeid Macchl (MepBOHAYAIBHOE B3BEIIMBAHKE) U TIO I10-
JIy4E€HHBIM pe3yJibTaTaM CTPOAT AHarpaMMy, XapaKTepU3YIOIYI0 TUHA-
MHUKY BOJIOOTJIaYH Y PACTEHUH.

[To xonmuuecTBY MOTepsSHHON BOABI 3a mepBbie 30 MUH CynsaT 00
YCTOMYHUBOCTH PACTECHUH K JJAHHBIM YCIIOBHUSM CPEIbI.

OmnpenesieHue BOAOY/IeP:KMBAIOIIEH ClIOCOOHOCTH pacTeHH

Macca pactenuit , T [oTepstHO BOABI paCTEHUSAMH 32 KaXK/IbIe
30 MuH

r % OT UCXOTHOH
MaccChl

BapuanTt
Bricora pacTenuit, mr
Ucxomuas

Yepes 30
MUH
Uepes 1 4
Yepes 1 u
30 muH
Uepes 2 1

[TporieHT MOTEpPsSIHHON BOABI OMPENETSIOT 10 (hopmyIe:

I1IB = M %100 %

Hcxoonas macca

JAuHaMuKa BOA0OTAAYM Yy PACTEHUI

H-0,
%
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0 30 60 90 120 Bpemst, MUH

Martepuanbl U 060pyI0BaHue: 00pa3ilbl CEIbCKOXO035ICTBEHHBIX pac-
TEHUH, DIEKTPUUECKUE BECHI.

Padora 4. Onpenenenne cOCTOAHUS 03UMbBIX KYJIbTYP
YCKOPEHHBIM METO0M

CocTosiHHE 03UMBIX KYJIbTYp B BECEHHE-3UMHHI NEPUOJ MOKHO
OIpeJIeNIUTh MyTeM HaOII0ACHUs IPUPOCTOB MEPUCTEMHOM TKaHU y 00-
PE3aHHBIX y3JI0B KYILIEHUSI.

Xoa pa6orsl. [IpoOs! ans ananuza u3 30-50 pacreHuit oréuparoT
[0 AuaroHanu ydactka. Ilocie oTramBaHMsI pacTEHHs OTMBIBAIOT OT
MOYBBI U 00pE3aroT JUCThS M cTeOIU Ha paccTosHuu 1-1.5 cM oT y3na
kymieHus. KopHeByto cuctemy ynaisitoT MOJHOCTBIO (puc.). ['oTOBBIN
MaTepuai OMEIAT B yaliky lleTpu, Ha THO KOTOPBIX KIaAyT XOPOLIO
CMOYEHHBIA BOJOM ciior Barbl uiau Mapiau. Yamku IleTtpu 3akphiBarOT
KkpbimkaMu. IIpo6sl BeiepskuBaroT 12-16 4 mpu 24-26°C.

AHanu3 npoO BBIMOJHAIOT MO OTPOCLIEH YacTH Y3JIOB KYIIEHUS,
IIPUPOCT KOTOPBIX K 3TOMY BpeMeHHU cocrtasiseT 3-15 mm. Pacrenns,
y3J1bl KYIIEHUSI KOTOPBIX Jal0T MHTEHCUBHBIN mpupoct (okoio 10 MM u
Oosiee), CYUUTAIOT XOPOIIO COXpaHUBIIUMHUCA. B nanmpHelimem, npu Hop-
MaJIbHBIX YCIIOBUSIX, TAKH€ PACTEHUs MOTYT obecrneuuTh ypoxail. Cia-
Ob1i1 mpupocT (3-5MM) yKasbIBaeT Ha TO, YTO PACTEHHs CUJIBHO MOBpE-
KJICHbI U MPOTYKTUBHOCTh UX OyJeT HU3KOM.
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Pe3ynbTarhl 3anUCHIBAIOT 1O ClIeAyOMIeH GhopMme:

Bapuant | Ilpupoct, MM OTHOIIEHHE YHCIIa OTPOCIINX BriBoabI 0 cocTOAHUN

pacTeHuii k o0meMy ux auciy, % MIOCEBOB

Marepuanbl u obopynoBanue: Hoxxuuupl, yamku Ilerpu, mapiist
WJIM BaTa, MOJUATHIICHOBAS IJICHKA, QUIIBTPOBANIbHAS OyMara.

Pabora 5. BeisiBJIeHHe 3aIIMTHOTO e CTBUS CAXapoB
HA NPOTOIIA3MY

[Ipu peiicTBUM OTpHULATEIBHBIX TEMIIEPATYp HAa PACTUTEIIbHbBIE
TKAaHU B MEXKJIETHUKaX oOpa3yeTcs Jiell, KOTOPbIi, OTTArUBas BOAY U3
KJIETOK, 00e3BokuBaeT mportoruiasmy. [lpum ompeneneHuun creneHu
00€3BOKMBAaHUS, UHIUBUYAIbHON Ui KaXKAO0I0 PacTUTEIbHOIO Opra-
HH3Ma, IPOTOILIa3Ma KOaryjaupyer.

Kpucramnel abaa, o0pasyromuecss HEMOCPEACTBEHHO B KIIETKaXx,
OKa3bIBAIOT MEXAHUUYECKOE BO3JCHCTBHE, B PE3YyJIbTAaTE YEr0 HapyIIaeT-
Csl BHYTPEHHSISI CTPYKTYpa IPOTOILIA3MBI, PE3KO IMOBBIIIAETCS €€ Mpo-
HULIAEMOCTb, a IPU JUIMTEIbHOM dKCIO3ULMU HA MOPO3€ HACTYIAET OT-
Mupanue. CKOpOCTb OTMUPAHUS NMPOTOIUIA3MBI KJIETOK 3aBHCHUT KaK OT
TEMIIEpPATypbl U BPEMEHM HKCIIO3UIMH, TaK U OT BOAOYJEP’KHUBAIOIIECH
CIOCOOHOCTH CaMOM KJIETKH. YBEJIMYEHUE KOJIWYECTBA PACTBOPHMBIX
caxapoB B 3UMYIOLIUX OpraHax pacTeHUU IMOBBIIIAET BOAOYAEPKUBAIO-
YO0 CITIOCOOHOCTH TKaHEH.

Xoa pa6orbl. M3 ouuIiieHHON KpacHOW CBEKJIbI BBIPE3AIOT TPU
OJIMHAKOBbIE Kycouka AIuHON 1.5-2 cM, mmpuHoi u TonmuHoi 0.5-0.7
CM, TIIATEJIbHO IPOMBIBAIOT MX BOAOW M IMOMELIAIOT MO OJHOMY B 3
pOOUpPKHU.

B nepByro npoOupky HaIMBAIOT 5 MJI TUCTUJUTMPOBAHHOW BOJIBI,
BO BTOpy0 — Smut 0.5 M pactBopa caxapo3sl, B TpeTbto 5 Ma 1M pac-
TBOpa caxapo3bl. [IpoOupky moOMemamT B OXJIaJUTENbHYI0 cMmech (3
4acTH CHEra WM JibJa + 1 yacTh MOBApEHHOW COJIN), UMEIOUIYIO TEMIIE-
parypy okono —21°C. Uepe3s 20 MuHYT, KOT/a XHAKOCTH B TIPOOHPKAX
3aMEp3HET, X BBIHUMAIOT U3 OXJIAJUTEIBHON CMECH M OITYCKAIOT B CTa-
KaH ¢ Bojoi. [locne oTTanBaHus OTMEYAIOT OKPACKy JKHJKOCTH B KaX-
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J0W TTpOOMpKE, 3apUCOBBIBAIOT U JIETAOT BBIBOJ O 3HAUYCHUHU Caxapo3bl
KaK 3alIMTHOTO BEIIEeCTBA IIPH 3aMEP3aHUN PACTEHUU.

Martepuanbl u 000pyJA0OBaHHMe: KpacHas CBEKIa, MPOOHPKH,
yalka JJig OXJaJUTeNIbHON cMecH, OIOpeTKHU, CTaKaH, HOX HIIU JIe3BHeE,
CHET WJIM JIeJ], TIOBapeHHas COJib, pacTBOPHI caxapo3bl 0.5M u 1M, tep-
MOMET 10 —259C.
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