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HaaarawTen ToOPLTHACCKHE OCHODH HOBOTO HANPABICHEA MATCMATHHCCKOTG MO-
AeAnponaEnd BPOAYKIHGHHOTS Opougcen pacTennfi — sogeaupopannn dopMuponann
ESTCCTEA VPOMAN COAMCHONOIAMCTROHHES KYALTYP B JABHCHMOCTH OT ATpOMEeTeopo-
Aorgveckns yenoawil. [Ipeacraniaeinn Teoperiieckie JHEMETCCRIE MOLCT0 GCEOBHEX
TpYRN KyALTYP (IepHOBHEE, 3epHoGO0ORNE, KAYGHE- I KOPHEMOAH), paspaboTanHbe
€ YHETOM HPHCYIIHX STHM BHIAM EYAbTYp ocoleimpecTol npeuccca dopMppopaing
HARCCTHA YPO#AA,

[IpHBGIATCR PLAVARTATH SHCTCHHNE SKCOCPUMCETOR 00 HOCACADBANNK BARAHHR
METCOPUEOTHNECHIEN @AKTOPOR, B TOM MHCAC BKCTPEMAILAME, Ua KAUGCTRO yposkad
Acpuospy KYARTYP. PaccuMaTtpHBasTel BOSMOAHGCTH HCEMALIOBINHE pRapadoTaiis
MeLeael A0 PeRieHA TEOPETINCCKEE 0 NPHKALIHEE ArpoMeTEOpOIOrHIeCKuE 0 Girs-
JOFHYCCHEE 33334,

Paccuntaia HA ACPOMETCOPOACTOE, gEanoioron i SIOXHMIKOD PacTeHqi, pacte-
HACHOA0R 8 0T [MaE.

The monograph “Mathematical modelling of crop yield quality™ by M. A Siro-
ganova dizcusses a theorelical background for a new approach to mathematical
modelling of crop production, i. e |r.||::|jt|]il:l% of crop vield guality formation in
relation with agrometeorclogical conditions. Theoretical dynamic models were de-
veloped for main crop tvpes (cereals, legumes, tober and roof crops). For such
crops, ile models take account specific characieristics which dominale in the

proceds of vield quality formation. s 3
MNumerical models are ireated as well. The results of numerical experimients

are given, to siudy the effects of meleorological factors, including the exireme
ones, on the yiel wality of cereals. An analvsis i3 pn'_é-l.':lli'd af perspectives
to use the developed models fo solve iheorefical or applied agromeicorological
amd hiokogical problems.

The book is of partieular interest to apgrometeorologisis, plant physiclogisis

and biochemists, plant scientizis and agriculturists.

& Fnpposerconspar; 1986 r,

Mpenucnosne pepaktopa

B npepaaraemoil umtatemo MoHorpadun snepeuie cpopuyanpo-

. BAHB OCHOBHBE NPHHUHOH HOBOrO HaNpRBJIEHHA B MOLENHPOEAHHEH

NPOAYKUHOHHOrG npouecca pacteHnfi — Mogeanponanns Gopmupona-
HHA KAYECTRA YPORAA CEAbCKOXOIANCTREHHMY KYALTYP.

B Hecnefopannax KauecTsa ypomas WNPOKO TPHMeHAACH W NpH-
MEHRETCH IKCNEpHMENTadLHWA noaxoa. HayueHo wawanpe noroaw
iOKITHMATR HA COACpRAHNE XHMHYECKHE KOMIOOHEHTOB, ONPefet fIouLx
KAMELTRO XO3HACTREHHD UeHHON YacTH YpoiKas, BCKPLITH OCHOBHBG 33-
KOHOMEPHOCTH ero (opuuposanna. Oanako 10 cHX NOp KoaudecTned-
HOC ONUCAHNE BAHAHAA YCAORHA BHeWHEeR cpeiw Ha (QopMHpOBaHie
HAMECTRA YPOHAad ¢ NOHUHA CHCTEMHOTO MOAXONA, 8 TAaKKe MOJeIH-
POBAHNE OTACABHHX 3BCHLEE H NPOLECCA B HEJOM HE NPOBOANANCE.
MpoGaema MoaeAnpoBanua GOPMUPOBANHA KATCCTBA YPOWAR B CH-
CTEME «PACTEHHE—BHEIIHNA CPeNa» BHepBHe NpeACTABICHA B MOHO-
rpathin. AsTopoM Takme cOpPMYIHPOBANM OCHOBHBIE NPeAnoCH.1KH
H KOHUESTIUMA MOREIHPOBAHHS.

houuenuna, nogoxennan BOCHOBY MOACAHPOBAHNHA, COCTONT B TOM,
UT0 KQUECTBO YPOWAA KYALTYPH (OPMHDYETCH B TeueHHE BCEro mMe-
PIOAa JHIHH PAcTeHHA — OT Mocesa a0 yOOpEH — i onpeietserca
€ro reHOTHIOM N YCAOBHAME BHewmell cpeaw. Takas WHpoOKas nocTa-
HOBEA 3aaqf 00YCA0BRAA BROOP clomHOl CTPYKTYPH MOIEAH, BKI0-
AHIILEH OMHCAHNG PasnHUHBIYX GHOMOMHYECKHX W aOHOTHYECKHX MNpo-
Heccon.

[rasoe BHNMaNHe B KHEFE YAGIACTCR MOACAHPOBAHHID JKH3HE-
ACATEALHOCTH PACTEHNA B PA3THUNHX YCIOBHAX BHewwefi cpeaw, As-
TOPOM OCYIMECTRACH PAL NPHHUHNHAILHO HOBMX paspaboTok B aTofl
Obaacti. Brepsue B AAMHHONEPHOANHX AHNAMNISCKHX MOACHAX Ha
OCHOBANHE KOHUENUNN (ONAOR ONHCAHA PeryNfAlHA PAAA NPOLECCOB
(thoTocunTesa, noromenns asora, pacnpeletens a3oTa | YTIER0A08,
CHHTE3a 3amacoB B 3anacanllHx opranax). Pacnpesesenne acensmms-
TOB & PaMEax LAHHHOMEPHOMHOR MONENN BNEPBHEC NPOBEIEHO ¢ He-
MOALIORAHNEM KOHUCNUHA NOTPEGHOCTH PACTYWLNX OPraHoB B cyGeTpa-
Tax aaa pocra. [Ipeactapaser HeCOMMEHHH HHTEPEC MoJeinpoBanie
0N 0ro-GHOXHMHYECKHX NPOUECCOB B CEMEHAX W NpopocTKax B ne-
PHOL (QOPMHPOBAHHA BCXOJ0B H NPOUECCOD CHHTE3R XHMHUGCKHY KoM-
NOHEHTOD B 3anacawiinx oprauax. Bnepewe Moaeanpyercs BansHme
SAMOPOSKOB B Pa3IHYHNe (Pa3ul OHTOTEHE3d HA KAUECTBO YPOmAA.

ABTOpOM CO3ZAHEL TEOPETHYECKHE AHHAMHUECKHEe MOLeTH thopm-
POBIHHA KaYeCTRa YpOomKad LI OCHORHEIX rpynn celbCKoXoaaicTeeH-
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HEX KYALTYP (3epHOBHX, aepﬂu-ﬁ-l:rﬁ-l_mux. EAvGne- H KOpHenIonoes),
HE HMemine aHANoroeE B MHPORON JHTEpaType. B kKoMDAGKCHME
AHHAMIeCKHE MOAEAH IFIHF!IJII]:IUI.I-II:“HH EAYECThA YPOHIAH B AR ey
CENLCKOXOIANCTREHHMX KYALTYP YAAUHO BREAWYEHH CYUECTBYIOULHE
cyfmogenn aGHOTHUECKHX NPOUECCOB: NHHAMHKM a30THCTHIX COCGRHME-
Nt B noYee, IBANOTPAHCHHPALNH W TpaHCOHPAUHA, AHHAMHKH NOY-
BEHHON BJOATH.

Ha ocHOBAHHYN TEOPETHYECKON MOASAH CO3AaHa YHCAEHHAA MOACAL
(popuMHpoBaNNA HAYCCTRA YPOMKAR IEPHOBEX KYILTYP. Mogens anek-
BATHO OMHCHBAST CHCTEMY H MOMET HCOONLIOBATLOA AAA TeOpeThH-
QeCKHX  NCCASAOBANNHI  BAHANHA ArpoMETEOPONOTHYECKHX  YCAOBHA
0 YpoBHA MHHCPAJBHOTO NHTAHHA Ha Rpouecc thopunpoBaHIA Raties
crea ypoxan. Teopernueckne MOACAH ARTOPA NOCAYRHAN OCHOBOH LA
pazpaloTEN NPHKIAAHWY Mojened, OPHCHTHPOBAHNHX HAa pelleHHe
MpaKTHICCKUX 3aJau, B NepBYIo OUepenh 3aAaq NPOTHOIHPOBAHHA K<
YECTEA VPOosan.

ArpoMeTeopoaorHYeckie NPOrnossl — OAHO H3 FIaBHHX HanpapJe-
Wil NENOAL2OBAHNA NTPHKAAARLE Mojciel npoayKTHBROCTH (KK KOaH-
yecTBA, TAK W KauecTsa yposkas) B arpomereoponorsn. Bo BHHHCXM
co2lala METOROIOMHA NPHMEHEHNA :~1:J;|.E.'lv|1:f[ B aArpoMeTeopoaoriyccEnx
NPOrHO3EX, OCHOBHKE NOAOMCHEHA KoTopoii ony0iaHKOBAHE B MOHOrpa-
doun A. H. [Monesoro «<Teopua # pacueT NPOAYKTHBHOCTH CENLCKOXO-
saficTRenHMX KyauTyps. Ha ocnoBe n B passuthe ATOH MEeTOInA0rHH
ReAYTCH PAaGOTH MO CO3AANHIO METOA0B OLCHKH H NPOTHOZA arpoMeTeo-
POIOFHYCCKEX  YCA0BHA QOpMHEPOBANNA HAWNCCTRA YPOMXAHA IEPHOBRIX
KYABTYP, UTO NO3BOJANT PACIINPHTL ArPOMETCOPOIOrHIECKOE ofecnede-
HHE CeALcKOrD X03AHCTEE CTPAHE.,

A. H. IMoaesoil

CnHCOK OCHOBHBIX VCADOBHBIX ofo3HaueHHi,
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Moiaekeia:

Pl — pepiol o7 pocend a0 mexoaop; Pl — nepuoa nepexons K aproTpoduroary
nETaRHe; P3 — nepuoa aproTpoduroro aeradna; P4 — nepibod cuntela BoMno-
HEHTON JOAANCTReNNO eNMol 9acTl Vposcan.
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Hoayuente BECOKHX H CTAlIABHWY YPORACH CEJLCKOXO3ANCTBEH-
HEX KVALTYP BRABHHYTO Ha moasckoM (1978 r.) n mafickom (1982 r.)
[Taenymax LK KICC kak oada n3 roasHex 3a1ad celibCKOXO3aM-
CTEeHHOrO nponapoicTea. B Ilpososoascreennoi nporpamme CCCP
NPeAYCMATPHBACTCH HE TOAbKO YBEAHUCHHE NPOHIBOACTBA CENLCKO-
XOIANCTREHHOR NPOAVELHH B UEIOM, HO H 3HAYHTEILHOE NMOBHINCHHE
ee Kavectsa [B6]. [Toayuenme ypomas BecOKoro wauectsa Tpelyer
MO3HANNA 3aKoHOMepHocTell ero QOpPMHpPOBANHA H DAHANHA HA STOT
NPOULece NoOroaHMX H KIHMATHYECKHX YCA0BHIL.

Bonpocw (popMupoBaHHA XHMHHECKOTO COCTARA XO3ANCTREHHO WeH-
HONl 4acTH VpoXas NCCAeaAvVIOTeR OHOOTaAMH, ArpOMEeTeopoaoraMH,
VUCHEIMH B NPAKTHEAME CeALCKOra Xoamicrea, Cpean wupoKoro Epyra
pelraeMux npolaes xanbodee KPVOHEMH ABAA0TCA ame: 1) noBwmre-
Hile Ka'lecTBa CENEKUHOHHHM H ArpoTeXHEYeCKNM nyrtesm; 2) nporto-
SHPOBAHINE KAYECTBA YPOKAA CIbLCKOXO3ANCTBEHHMX KYabTYp. B Tom
H ,'J_F}'J'f:l.'l.!l -L"."!_}"-Eit:l-l."i HOCAEQOnATE L ONHPRETCH  Hd .'-IHHD"HHIE,!TIHD['I’H
(POPMIPOBAHNS KAYECTBA YPOXKAR B 3ABACHMOCTH OT COPTA, NOTOAHBIX
yeaosnii  yposna arpotrexnuri. Hanboabuwee pAHAHHE HA KadecTBO
XO3ANCTECHHO MEHHON YACTH VPOMAA OKa3WBAKT arpoMeTeopoIori-
HECKEHE }-'L"ﬂl'l-l-!]lH MeEpHoLd BErETALLH,

Ho HACTOAWEro BPEMCHH HCCACIOBANME BAMAHHA TOrOAHHX Yeao-
BHIl Ha GOPMHPOBANHE KAYECTRA VPOXAA BEAOCH SKCNePHMEHTANL-
HelMH  MmeTopaMmp. DBogee nepenekTHBHH MATEMATHYECKHE METOAM,
B MACTHOCTH MaTeMaTHYSCKOE M[_:ljl'.l‘.=l]1|1[l|!ﬁ|1l!l,:!‘, ROTOHDE |I|'_I-E'3TE]£|[I|ii]!1:|-
]'IE'IE'IJHIFH'E'I' BOSMOMHOCTH ]‘I.':l:l"[l'.‘HIIH BAHAHHA PaEAHYHELX I.']}a'l{"l'ﬂ]'_lﬂﬂ
pHelnneli cpeal wa wecaeayemufl npouece. MaTemaTHiaeckHe MOIEAH,
HHTErPRPYA- HAIIH 3HAHHA O Npolecce, ABAAKWTCA AocTatoqno sddex-
THRHWM cpeacTsoM nosuannf, M, nakonen, onn cavmar Teopernue-
CHONl OCHOBOH A48 pelleHnd Tex NAH HHHX 3a7a4 NpHEIaldoro xa-
pakTepa.

MaTtemaTiueckoe MoAeTHpPOBAHHE WHPOKO NPHMEHACTCH A8 H3y-
HYeHns npouecca POPMHPOBAHIA KONHYECTEA YPOomKand H CO3TaNNA KOJan-
YECTBEHHOH TEOPHE MPOAVELHOHHOPO Npolecca, Pazanuyuee acneskts
STOl NpolaeMul AOCTATOMHO MoaHo paspadotaum A, A, Huumnoposs-
vem, A. H. Bynarosckum, 0. K. Poccom, X, T'. Toomunrom, M, H. By-
awgo, 0. J. Cuporenxo, E. Il Tanavnuwsm, A. H. [loaenmw,
P. A Tloayvskroeum, B, A, lopbaverwy, K. Ode Butosm, . [MTennuun-
rom ae Ppraom, O Topwaw, K. Mak Kpu, . Yapassom-Sasapacom
ioap. Muorse ns nepeuncaeHNEX MOAeAel HCIOALIVIOTEH AAA pele-
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HiA npakTHgeckux sagad. Oamako sonpock Mogeanpopanus Gopuu-
POBAHHA KAYCCTBA YPOMKas [0 HACTOAWETD BPEMEHH HE HIYUaANCh.

PaloTs no coManmm INHAMHYECKHX Mogened QopMupoBAHHA Ka-
HECTBA YPOMad CCALCKOXOSARCTBEHHHX KYJALTYP OJAH npeainpHiuATh
ABTOPOM HACTOAWER KHHMH no nHaugathkee Axatoans Huxkonaepnia
[Moaeroro, KoTopoMy ABTOP BO MHOrOM 00f3aH QOpPMHPOBAHHEM CBOHX
HAYUHLIX HHTEpeCOR.

B monorpafun uinarawoTes OCHOBHHE NPUHLNNL HOBOTO Hanpas-
JCHHA B MATEMATHYECKOM MOACAHPOBAHHH OPOAYKUHOHHOID NPOLecca
pacTeni, KOTOPHHR PACCMATPHEACTCH KAk NPOUEce :1ﬂ|1u:at::-|.;|1i|:u{, B3ai-
MONPERPAMIEHHA W pacnpeiedelis OCHOBHEE MeTatoauTon pacTeing
B Npouecce pocTa i PA3BHTHA (0T NOCEBA A0 VOOPKH) NpH pasiniHbX
YCJACBHAX BHelWHel cpeid. Moacanposanne QOpMUPORANHA KaYeCTRA
Ypowas norpeGopano paspaboTEH M YHCACHHOR peannaauHl HOBOTD
MoaAX01a K MOACTHPOBAHHI pPACOpeleNeHiln accHMHARTOR (VIVIEROIO0R
H A30TCOAepHMAlNX COCANHEHNA), K MOASTHPOBAHHK pervasumnn gun-
SHONOTO-GHOXHMHYECKHX NPOLECCOB BHEIWHNMHE (TeMneparvpa, BJam-
HOCTB) M BHYTPEHHHMH (KOHUCHTPAaUHA OCHOBHEX MeTaboanToBn) (ak-
TOPAMH H K MOJASTHPOBANHE NPOUeCcCa OGHOCHHTEIA XHMHYCCKHX KOM-
MOHEHTOR B 3aNACANUHY Oprafax.

Pazpaboranw Teoperndeckie AnHaMHueckne soaean @opuauposa-
HHA KAYECTBA YPOMaR OCHOBHBIX TPYNN CeABCKOXOIAACTREHHEY KV/L-
TVp (3epHOBLEe, 3epHobodonwe, KAYOHE- i KOPHENJAOAW ) MOOEAL YHC-
JeHHO PEAIHI0BAHA QA8 ICPHOBRIX KVALTYP: AAHA OUEHKA BOIMOM-
HOCTH e¢ HCOOILIOBAHHA B KaYeCTBE TeOpPeTHYECKON OCHOBW npH
petteHnt npakTHYecKHy 3ajasd, :

ABTOp rayGoko npusmareden kani. Guon, wayk H. T. Tpunrody
0 A-py Gnoa. mayx, npod. A, H. Koposuny 3a nonneps#iy padorw Ha
PasHEX 3Tanax e¢ BENOAHeHHH.

ApTop BHpamaer rayforyl GaaroflapHocTs A-pyY reorp. Hayk
A, H. INMoaesomy, 1-py Guoa. nayk X. I'. Toomuury u Kana, Gnoa. wave
A. A, Cemenony 3a UeHHHE COBeTH, BHCKAZAHHKE N0 CYWECTBY PY-
KonucH. HecoMuenno, nodeadusu OWAH 108 aBTOpa H NOMENINHA
A-pa Gnoa. wayk H. A, Iyaurana.

Aprop Gaaropapen H. A. Cynuesoji 32 MHOTONETHEE COTPYIHHYE-
cTBo, a take JI. M, Ocunweof, 10, 1. Hdepuosoi, H. H. JIynuxosod
H A. B. CuupHoBOfi 32 noMOIL B NMOArOTOBKE PYKONHCH K ME4aTH.

Fnaea 1

ConpeMeHHOe COCTOAHHE MATEMATHYECKOro
MOACAHPOBAHHA NPOUECCOB HHIHEACHTEABHOCTH
CEeNBCKOXO3ANCTEEHHBIX KYALTYP

B PA3JHYHBIX YCANOBHAX BHEWHER CPpefhk

Heeaegosanma & o003CcTH MATEMATHURCKOMD MOIeTHPOBAHAR Npo-
AVEILHGHHOMD MpHrLecCA FECTEIIHH HHTEHCHBHO PA3RUBAKDTCH, O WeM CBH-
AETENLCTAYET MHOMecTBO pabor B aTof obaactu |2, b, 7, 8, 33, 35, 37,
57, 63, 74, 87, 88, 116, 155, 182, 187, 213, 234]. Byayun sdbesTus-
HEIM CPEICTROM HHTErpaILHN l”-!;li"ﬁ:l'lllll.";f!rl SHAaHNA o npouecce fI'JnFH"'
POBAHNA YPOMAA CCALCKOXOARNCTBCHHWX KYALTYD, HIYMCHHA [AHHA-
MHUEH Npouecca B PpaziHiiLx  YCOIOBHAX BHELHE Cpeal; MOACAH
NPpOIYETHEHGUTH HAXOAAT BOS iboaes W R CE MPHMEHCHEE GO0 PEiRie-
HHA aajad npornoza m ynpapaeuns [2, 7, 33, 35, 37, 55, 46, 63, 87,
88]. Llewtpasenoe Mecto b Mojeasax (opMHpOBAHEA YpPOXaA 3a-
HHMaeT HOJAHHECTREHHOE ONHCAHHE OCHOBHBIE NpOHectoR MHIHEL0H-
TEABHOCTH PAcTeRH B CTAUHOHAPHLX H NEPEMEHHWX YCNOBHAX B CH-
CTeMe NoNEd-—pacTeiie- BTHI.I:'.II'.'"I.:]I:'F:I-

I.1. PorocHuTes, POTOAHMEIHHE H TEMHOBOE HLIXAHAE

CnocoGHOCTs 3eACHEX pacTeHnil YesamBaTh B npoiecce oTOCHH-
Te3a Hepruim coMnedHoll pasuauun i TpancopMuposats ee B Juano-
JOTHYECKH AKTHEHYIO XHMHYECKYID SHEpPrui — YHHKaAwHas ocolen-
HOCTh MUTAHHS M KHIHEIEATEILHOCTH PACTEHN, a8 B KOHEYHOM HTOTE,
H npouecca GoOpPMHPOBAMHA PA3IMEpPOR M KawecTea HxX ypowas [41].

Moaeanposannip npouecca oOTOCHHTE:A NOCBALICHO MHOPO paboT.
Pazanupse acnekTh COBPEMEHHOTO COCTOAHHA BONPOCA OCREILEHE
B monorpaduax Topuan [213)], Toomuara [87, 88]). bnxene, Moagay
n Pocca [2], Cuporenso [74], Taasmuna [7], Yapauvza-dasapaca
[116]), [Toaesoro [57]. B HexoTOpmX mMofeasnx, NOCTpOEHNLX J1asd
Cy-pacrennil, yunTuBaerca takme goroamxanne [31, 162, 207]. Kax
1] ltll:l'_l""l]fll]l]'{"si d}DiDE_H:{HIIHE Hlﬁ,ﬂf‘-‘f“l:l-':.'l:]'i.‘?l B 3ABHCHMOCTH OT OCBe-
LLEHHOCTH,

Beuay Toro uto BOMpOCK MoaenupoBaHus (oTochHTeza n doto-
AMXAHHA JOCTATOWHO MOAHO OCBCINCHH B AHTepaTYpe, MuH He Oyiem
Ha HUX OCTAHABAHBATLCA, OTMETHM TOILKOD, KAK 3TO NOAMCpEHBAETCH,
Hanpusep B [152], uTo Ha cOBpeMEeHHOM 3Tane MOASAHpORAHHA (oTo-
CHHTE3a HMEITCA 3HAWNTENbHEE TPYAHOCTH B MOAeALHON WHTEpHpeTa-
UHN BIHAHNA BHEWHEX YeaoBui na npouece.

OcHopHoe BHAMAHNE B STOM pasiede Mu Vaeaasm oSoSuleHum
M AHAAHIY AOCTHMEHHA B 06JacTH MOALTHPOBAHNA TEMHOBOrO ABIXA-
HUA, KAK 3JeMENTa NPOLYKLHOHHOMO npouecca.
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Briepeule MaTemaTHuecKOE ONHCAHNE NPOLECCa AMXAHNA  GHAD
cacaato oinospemento Toomuurom [220] w Max Kpr [165]. Vpaewe-
HHe AbXaniA 0L10 BHBEACHO HCXOASA H3 NPeINoJOMenns o cVIlecTro-
BANNUN ABYXKOMIOHEHTHONO ABXaHHA. BrAN yuTenw 3aTpaTte Ha IuXa-
HHE, COA3ANHLE C POCTOM B nopaepAanies cTpvktyp. Ilexaune zanu-
camo Kak Qymkuna GOTOCHNTEZa N CyXoil MaccH PAcTEHHA B WeioM
[165] wan amcteer [220]. B ypaewennn Toommmra [220] nmxanme
NLIEPHAHNA CUHTACTCH NPONOPUHOHAALHEM HWHATEHCHRHOCTH hoTo-
CHHTE3Z NpH CcBeTOBOM Hacwulennn. OAHAKO NOCKOABKY HHTCHCHB-
HOCTH POTOCHNTEIa CBA3AHA € YALALHON NOBEPXHOCTHONR NAOTHOCTLIO
AHCTEER, TO AMXAHHE NOAACPHAHNA ABAReTcA pynsunel cyxoil maccw.
B nocreayompx paGotax npeiacmennas Moiedh noavimia aaibHei-
wee pazsutie |87, 88, 166, 167). )

Mocae noneaenns pador Toomuwra n Mak Kpr wecaenomanns,
CORA3AHHLE ¢ MOACNHPOBAHNEM ALXAHHA, PAIBHBANNCE B ABYX Hanpas-
AeHNAX. K nepeoMy N3 HUX M OTHOCHM TEOPETHUECKHA PACHeT H IKC-
MEPHMEHTAABHYI0 OUCHEY KOS(hOHUNENTOR AWMXaHHA pocTa M noaaep-
#HanuA. B pameax sosenell npoAyKTHUBHOCTH 5TH paloTH  BXOAAT
B 00.74cTh HASRTHOUEAUNH NaPAMETPOR il OCYIIECTRARKTCR TAABHLM
obpazom HIROACTAMH B GHOXEMEKaMN pacrennii. Bropoe nanpasaie-
HUE — 570 COGCTBEHHO MOACTNPORAHHE NPOLecca AWXamnd, Pesyvip-
TATH TCOPETHHECKHX H SKCNEPHMEHTAABHNYX OUCHOK 3aTPAT HA AHXa-
Hiz (no Tepsunogornn [169] sto eGuoxnMuecknii NoAXons) wWHPoKo
HENOIB3YIOTCH NPH PeHOMEHOIOrHYECKOM aHANHIE.

bHOXHMHYECKH NOAXOA NO3BOJSNET CORMECTHTD arpoHOMHHECKYVID
TOMKY 3PEHHA Ha ALXaHNE, KAK Ha NOTEPI0 B CYXOM BECe, ¢ AaHHLIM,
YEAIHBAWUIMMH Ha OYCBHANYHD CBA3L AMXANHA ¢ KOHCTPYKTHEHMMI
npoueccami. Bnepsuie Busepe [107] npoanammanponan npotaemy
C TOUKH 3PEHHS KOANYECTBENHOrO GHoXuMuueckoro acnekta, [pu stom
noixone GOTOCHHTE: M AHXaHNE CBAIMBANTCA Yepes spheRTHENOCTE
npespamennn cyGcTpatos B KoneuHsle NpoAykTH, B npouecce nuxanns
ofipasyioTes MaKpPOIPrHYCCKHE COCINHEHNA H HHTePMETHATH, HCIOIh-
ayempe B cHHTe3ax de novo. BepoatHo, wTO cKopocth ofpajonanus
MAKPOIPros H HHTEPMEAHATOB TCCHO CBS3AHA CO CKOPOCTLIO CHHTEIR
KOMNOHENTOR OHoMacehHl. E’I.',pl:;l:l.lf_' TOrG, YacTh NPOAYETOR ALXAHNS 3a-
TPRUNBAETCH HA NOANCHEAHNE Ve nMeomeics Gnomacew. Henoasao-
Balile OHOXHMHYECKOTO NOAXOAA NOIBOARET OUCHNTH NOTEPH YLAepoia
Ha AmXaHHEe B 3ARACHMOCTH OT XHMHWECKOrD COCTABA CHHTEIHPYEMOF
GHOMACCH, a Takike BLXOA KOHEMHOro Npoaykra, ofpasyveMmoro M3
EANNHUE BECa TAKKO3H, DYHIAMEHTANLKEEe paloTel B 3ToM Hanpas-
AcHin nposeaed [lennnnrom ae Ppusom w ne Burom [179, 180,
196, 234]. B [234] npusefenn peayaLTaThl pacyeTos, NOKAILBAOUIE,
uTo BHXOA (Ha | r rawkKosW) cocTapaser (p rpamsmax) oam yraceo-
aor 0,86, aan amnwgos 036, aas anrmmea 046, 238 opranmve-
CEHX KHeaot |43, a1 oprannsecknx asorcozepmamnpy (NOs:) coean-
nernnit 047, ana oprawmuecknx asorcopepmatunx (NHi) coexnme-
Hiih 0.70. B [196] npueopstes anasornunue pacuet aas GHoMacew
onpepencHioro coctasa. [lokazano, wTo TeOpeTHHECKH BOIMOMKHOE
ROJHUECTBO OHOMAaccH cemad, ofpasylomeecs Ha | r dortocHntaros,
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pasinuie B 3ABHCHMOCTH OT XAMHUYECKOTO COCTABA CEMAH Aanioro
BiAa. Jlan sepHOBHY, XapaKTePHIVIOULHXCH KPAXMaJNCTHM SHIOCHEp-
sosm, va | r gorocuuratos GopMupyeTes sHaunTeaLKo GOabWAR OHo-
Macca CEMAN, MCM A8 KYALTYP, CeMena KoTOpWX COMEPHKAT MHOTO
Genkos wan Aunnacs. Hanpawwkeaetcs BRBOL. 9TO 3TOT MEXaHH3M
pOecnediBaeT reHeTuMeckn obyCAORNCHNOE OTPAHIYCHNE YpOXan, He-
FARMCUMOE OT OrpanHy¥enifi, PEIBANHKX cHalmenHes PoTOCHNTATAMM.

B patGote [181] aaerca B KOAHYECTBCHHOM ACNCKTE cnHcanme OHO-
XUMHECKHX NPOUECCOR B CHCTEME SCEMA—MPOPOCTOR® NPH NpopacTa-
nin ceman, Tpeackazanneil Ha OCHORAHNH TEOPETHYECKHX Pacieron
POCT NPOPOCTEA CPABHHBAJACA € SKCNEPHMEHTAALHBIME 1aHHLME.
Moayueno yIoBIETROPHTEILHOE COBNAMACHHE.

Boabwiofi BEASD B OUEHKY NAPaMeTPOB NPH MOJSTHPOBAHNE AKXa-
HHA BHOCAT paGoTtm [28, 29, 92], B KOTOPHX NPHBOAATCA pedy bTATH
NCCACOBAHNA JLXAHHA B PasaidNuEx VCIOBHAX A30THOPO NHTAHIA.
Juxanne paccuntHBaercs Ha eannny Genkosoro asota. Jdandue,
noayucuase Xutposo n Kynepsan [92], nossoanan asropam npuinTH
K 3aKTI0MEHHI0 YTO NP YAYHIIeHIH a30THOTO NHTAHUA 3HaYeHne Kop-
diienTa AWXERNA NOJACPHAHNA, NPHBELEHHOrO K eanHnue cyxof
GHOMACCH, J0AKHO oOHAPYHHBATD TEHISHIHKD K YBEAHNUYCHIO, 4 3HA-
verne KoxpdHuNenTa, NpHBeieHHOro K eAnNHue Oenka,— K yMedhb-
wennio. B paGore Bapueca m Xoyaa [102] amxanue noanepanng
B TPaAHWHOHHOM YPaBHCHNH JAMXaHHA CBAIMBAETCA He ¢ obumed mac-
cofl pacTeHHs, a ¢ coaepHanies HeaKos,

Ouenka AWXxadis pocTa H NOLIEPKANNA IKCOEPHMENTANRHLEM H
PACYETHEM METOAAMH NpoBEleHa AAR KACKEpPA KpPacHoro B NOJEBBIX
veaosuax Fonosko n Cemnxarosoil [9]. B obaope Cemuxatosoil [72]
NPHBOANTCA CPABHEHHE DAz AHUHEY MeToAoB ouweHkn Kosdduunenta
amxauus pocta. B paGorax Cemuxarosoi, Meawosoi, Fonosko [71]
u Moanay [37], sceleaonapiunx poak AEXaHHA NOLIEPAHANNA B A8a0-
TAUHOHHEX nepecTpofikax pacTeHud NPH NOHIGKEHHWX TeMOepatypax
[71] u mopmom pednunte [37], naaaraercs noaxon K ouenke Kosddu-
UHEHTa AHXAHHA NOAAepHaHisd B HeGAaronpHATHEX YCIORHAX CPe/s.
YeTanomaeHo, 4Te B HeGIaronpHATHEX YCIOBHAX CPell  YBEeaiud-
BAIOTCH 3ATPATH Ha AWXAHHE NOLIEPHKAHHA CTPYKTYP.

Mypeit [38] paccuaTpuBaeT NPOAYEUHOHHOE JHXaHHe (poTocHH-
TEIHPYIOWHX TEaHefd, Noa KOTOPHM NOHHMACTCA JWXaHHE HAa CRETY,
SREHBATEHTHOE® 10O lj'l],:‘llﬁul-li[!ﬂ MEXAHHK q]ﬂlTlL'IlL'I-lIITL‘.'i-II]':Iln.'H':I'Iﬁ_FL'IL THAHEH
B TeMHOTE, YH4CTBYIOUIEMY B CHHTCIC HOBWX N NOLTEpHAHNN YHKe
COZAAHHEX cTpyxTYp. TIpoayKu#OHHOE AHXaHHC UEAOrD PAcTeHRA
NpeAcTapieHo B BHAC ABYX COCTABARIOULNX: NPOAYENLHOHHOTO JmXa-
HHA POTOCHHTeIRPYIOLINX THAHEA M AMXaHHA HedOTOCHHTeINPYIOUIHX
THaneli. IKCHEPHMENTAIbHNE OUEHKI Il TEOPETHYECKHE PACYETH AwXa-
HHA aBTOP HCMOAL3OBAT NPH MOASAHPOBRANHE Npouecca GOPMHPOBANNT
NyJ0B ACCHMWIATOR B PACTCHN.

B denomenoaornueckon noaxote Topuan [213] obbeannenw waes
of 3¢peKTHBHOCTH NpPeBpALLenHs TAKKEOIW B OHOMAaccy H HAed O no-
TpehHacTH cyilecTByoued GuoMaccu s nopnepsavuin, [Neppan, asyx-
komnonentHan sofleas Topmam [209] onncwbaer OGalame MemIy
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NPHTOKOM YIAepona B cucremy (B npouecce GoTOCHHETE3a) N npespame-
HHeM cro B cyxyio maccy. B craumonaprofi mopean [209] Topnau
HCXOAHT H3 NPEANOCHKH, 4TO CROPOCTL MOCTYINICHHS YIEBOIHOTO
cyficTpata paBHa CHOPOCTH MCTHHHOMO GOTOCHHTESa H HaKONHBAACH
Ha AaHHOC BPEMA CYOCTPAT NOJHOCTBIO 32 5TO BPEMA YTHAHIHMPYETCH.
Yacrs cyOeTpaTa MCOOALIYETCH HA NOLIEPHKAHHE, OCTANLHAN YACTE —
Ha pocT (HA ABXAHHE POCTA W HA CHHTe3 cTpykryp). Beegena senn-
unna Yg, ofoanavawiias ypeawdenne GHOMACCH HA EIHHHLY HCNOTbL-
B0BAHHOrO cyGCTpaTa, H YpaBHeHHe A8 CKOPOCTH ARXEHHA 3aNHCAN0
B BHAE

R=(1 —Yq) Pg + m¥cW, (1.1)

rae R — ofuee (Temiosoe W CBETOBOE) AMXamie: Yo — sdbertin-
HOCTL NPERPALICHHA YTACBOAO0BR B CVXOE BeecTE0; Po— HCTHHHBIA
OTOCHHTES; M — NapaMeTp, XApakTepHIVIOWAA 3aTpaTh Ha noigep-
Hanne; W — cyxas macca.

Cersb Memay oGUEHM AWXaHHEM H BHANMBM (OTOCHHTE3OM 3a-
NHCHBACTCA B BH/E
I_ Fa '
R= —p—Pat mW, (1.2)

rae Py — puanmuii Gotocuutes. _
OTHOCHTE/bHAA CKOPOCTB POCTA | ONPEISAAETCH MO VPABHEHHEO

p="Yg(Pg — mWyW. (1.3)

Ecai we yunTHBATL CBETOBOE AMXANNE,  TO TEMHOBOE AHXaHHE
onHcHpaerch ypasiennem (1.1). B npornsnoum cayvaae ypasuenne (1.1)
ANA OUEHKH TEMHOBOrO ABXAHHA HMEeT BH]

Ra=[1—Ya(l + a)] Pt + mYoW, (1.4)

rae Rq— TEMHOBOE AWXAHHE; @ — Ko3(HHUHENT NPONOPUHOHEILHO-
CTH, CBASLBAKWHA CBeTOBOE OWXAHHe H l.;t:nrm:mlmz LA cavuas,

KOrjia npy OUcHEE lPﬂT‘JﬂHHTEEE YHTEHG CBETOROE IHXAHHE; PJI:.I_

POTOCHHTE:Z ¢ YHETOM CBETOBOrO ALIXAHNHA.

Moaean [209] copepmur nsa napamerpa: Yi — sdvpeKTHBHOCTE
NPEBPALLIEHHA H 11 — NAPAMETR, XapakTepE3YIOWH 3aTpaTh Ha nod-
Aepmanne.

B paGortax [168, 169] nporenena ouenka napamerpos Yo n m nis
kaesepa. Iloaydeno, 4to anauvenne Yg He 3apHCHT OT Temnepartypul,
HTO YHAIWBAET Ha NpeBpallenne yraepola QOTOCHATATOR B YIAepol
Guomacc ¢ nocronnnoil sduperTiBHocTL. CKOPOCTE HCNONLICBAHHS
YEACpoaa Ha NOALSPHKAHHE M SKCOOHEHUHAAbHD VBEIHYHBAJACH
¢ TeMnepatTypoi.

Kak yrkazupaerca 8 [169], umenoTca aBa NHMATHPYIOLLHX MOMEHTA
B 3100 Modean. Bo-nepeux, oHa craunosapia. [Tockoanky He yHHTL-
BAWTCA peacpenl cybeTpaTa, MOACAL HEAbL3A HCNOL3OBATE ANA ONHCA-
HHA AUHAMHKH POCTa PACTCHHA NPH BPEMCHHOM I0Are MeHbUle CYTOK.
Moaear npeanonaraer, uto HETHHHOE HIMEHEHHe KOAHYECTBa peaep-
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BOB HA AAHHOM BpeMeHHOM HHTepRaje pasdo Hyaw. Bo-propux, sa-
TpaTe Ha NOLAEPHAHNE NPHHHMAIOTCA NPONOPUHONAALHEMHE OHOMacee,
B TO BpeMs Kak Godee NPHEMAEMA NPeAnoChIKa, YTo He oA GRoMacca
Tpelyer saTpar Ha noanepaanne [180]. Ywasawnwe orpanmuenns
yerpanenn B monean Topuan [214]. Cyxas macca pacrenus, coraacio
NPHHATON B MOAEAH NPEANOCHIKE, Pa3ieieHa HA TPH KOMIOHEHTA:
1) sanacw, 2) HeaerpaaHpylOULHE CTPYKTYPH, KOTOPHE He PeyTHAH3H-
PYIOTCA M ABAAKTCA HHEPTHHMH, 3) Aerpagupymoie GHOMOrHYECKH
ARTHEHBE CTPYRTYpH. Cxema momenn [214] npusenena na pme. 1.1

Humewonfuaems
Pﬂmgrm”:?fgﬁ Auarrawue K
i
Jangcyr W
]
’_1':5
Cmpynmypsr Wy
ﬂwﬁ@mﬁm.
NOHCIEH, empyAmeDs | BE COyT R
Pue. 1.1, Baox-cxesma ammamnste- S i T Wa Wy
CEofl MOICAH QEXAHHA, POCTa IE
noatepmanna [214).

Cicrema anddepenunalbHEX YPaBHeHull, onNHCHBADLLAN Mogens,
HMEET BHO

" T Pr— kg'll:?. + kﬂ“ﬁrﬂ:

dew:"—= Y o¥ akaWs — koW o;
d b,
5~ =1 =¥o) YakaW.,, (1.5)

rae W,—cyxaa macca zanaca; Pg — HHTEHCHBHOCTE HCTHHHOMO toTo-
CHETE3d; kg — KOHCTAHTA CKOPOCTH pocTa; kp— KOHCTANTA CKOPOCTH
pacnana; Wy —eyxas macca Jerpajupyiouinx CTPYKTYD; }"’Li. — 3t
(IeKTHBHOCTL MPEBPalleHHA B CTPYKRTYPM; Yp— sdupexTHrHOCTE npe-
BpallcHNd B AErpagHpyromyo cyxyiw saccy; Wy —cyxan macca ue-
AETPANHPYIUNX CTPYETYD.

Xora mogeas Topuau [214] seasercs Goace ruGkoi u Goaee pea-
JAHCTHYHON, 4€M paHHAA ABYXEOMIOHCHTHAS MOgent [2{!9]1 OHa coaep-
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HHT G0ABIIC MAPpAMETROE, Heolxonnsao QNpeleanThE NapaMETPR Fu.
.'I"u, .krj 1] kil_.l.

Moaanee [218] Topuan npeaaoxun Goace npoctoll noaxea K HH-
Tepnpetalny npouecca Auxanua. Kak n s mopenn [214], cyxan macca
pacTenna HAN OpraHa pasaenseTcA Ha TPH KOMNoHeHTa. Mopenn-
pYmTCH ABa ApOIecca: pocT, NpH KOTOPOM 3anackl PacXoayoTcs na
CHHTES JACTPANHPYIOIINX W HErpagHpYIIHX CTPYETYP M JALXaHue,
H pacnaj AEerpajHpylollHX CTPYETYP, T. €. NpeBpalleHue HX B 3anac-
HOA myJ.

Ha eanunuy sanacoB MpH CHHTE3E CTPYRTYp obpasyercs Y& enn-

HHLL CTPYKTVP, @ (1—Yols eannmu satpaunsacTcs wa Awmxanue. [las
ABXAHHA POCTE NPeLIaraeTed YpaBsnenne

1=Ys 4
ol S —_ B
rae Ry — Auxanue pacTa,

..EI.'EI'FE,:[!I'IP}'I'IJIEIJ!ﬁ komnonent Wp  ponmen PECHHTEIHPORATLE A,
YTOOK B OTCYTCTEHE POCTA NOAAeEEHBAACH OOHH B TOT He Ypo-
pein Wpno Jrta NpeanoCEIRL abecnednBaeT BHpaHeHIe OOA AbBIXEHHA
NoALepA AN

1—¥|
Ron—=——1— kpW 4, (1.7)
],.-" :
rae Rm— Auxange NOLAL P AN AT kp— KOHCTAHTA CKOPOCTH NpeBpa-
HECHIR ACrpajdipyiolaiex CTRYRTYR B FAMACHOH My,

Ofuwee awxande OIPEAETAETCA KAk CyMMa ABEXAHHH POCTa i k-
XAHHA NOAIEPHAHHA, 3 YALNLHAA CROPOCTE AWXaHNA F 3aNHCHBICTCA
B BHOEC

1=Ygr 1 4 {8
r=—rr [ = 0 — 1) W) + ok, (1.8)
ric W—obman cyxas macca; [,— foas sanacon B olwefi cyxof
Macce; fp— A0AA MErpajipyIOLLNX CTPYETYP B oOWel cyxol macce,

Beepenne napamerpa Yo, xapaktTepuavionero spGeKTHBHOCTE npe-
BpallleHHs 3ANACOB B CTPYETYPH, 0 napasmerpa Ap NO3IBOAHET MO0-
HOBOMY OUEHHTh KOMOOHEHTH AnXaunsg o o0JeruiTh HHTEPNPEeTalLno
Ko PUUNEHT AWXaHAA HA YPOBHE PAcTeNHA NAH opraHa B paMKax
Gnoxusiteckoro noaxoaa [ennnura ae Ppaza.

Kak oTaeapHefl NOAX0L K OIEHKe 3ATPAT Ha AMXAHHE MOMHO pac-
CMATPHBATL MoJeab, nocrpociayw B pabore [190] ¢ menoanzobanneM
peayastatoR onwtos ¢ WCO:, YpapHenie onHcWBAET ABe IKCOOHEHTH,
0JIHA H3 KOTOPHX XAPAKTEPHIYET NOTEPH Yracpoaa B nepnoil, GucTpoil
daze, accounnpywoumefica ¢ GHOCHHATEI0M CTPYKTYD B MepHeTeMe, Apy-
rag — noTepn po propofi, Goaee aanTedbHoll dase, KOTOpaa OTOMIe-
eTBANETCA ¢ noafepwannem metaboanteckol axtnsnocTn [190].

Monenr awxanna Topuan o TpagRNHAORHAR MOIENE ALXAHNA
cpapunBaloTca B pafote [162), rae moxaszawo, NpH KaKHX YCAOBHAX

I8

R_gl=

STH MOJeAH MOryT OHTH conocTaruMu. OTMeuaercd, uTo obigee COpep-
Manne Geaka He MOMKET CAYKHTE HHAEKCOM CTENenH pPacnans, ueof-
XOANMO pazielenne GeAkos Ha meraloanueckuit 1 HeMmetaBoJmieckni
KOMIOHCHTH,

B skcnepuMentax G0 nokasado, uto e KTHENOCTL NpeBpaite-
Hia ¥ HIDKe B KOPHAX, ueM B NOGCrax, XOTA TEOPETHUECKH CIeLo-
BA10 0KHAATE, Y4TO OHA OJAHHAKOBA B KOPHAX H NobGerax RBHAY CXof-
CTBa HX XHMiweckoro coctaea. [Tostomy Mmowcon [148], wceaeaya
33urhoum|3|-mm. npespailenn hOTOCHRTATOR, BBEA B Moneas Topuau
[214] yuer aaTpar ma auxanue, cBA2AHHOE ¢ NOrJOLEHIEM HETPATOR.
Iaa ouenkn sipexrusrocTn npespauicnns (oHa NPpHEATA OAHHAKOBOR

AR BCEX OPravos) B noberax Henoasdosano ypasuenne Topuwan [218]
B BIldE

o f1=F 1 dWF,
r:—{ 7 ]TF;_T_F"I" (1.9)

FA€ rs=—YACALHAA CKOPOCTE ALXanHA nobera;, ¥ — spdexTiBrocTh

npespamennn; W, — cyxas macca noGera; m, — ALXanie noglepHa-

HHA nobera. E
3uan oo a30Ta B cyxoit Macce pacTeHis o snavenne Y, 3ATPATH

id DLXAHHEe, CBAZAHHOE ¢ NOrAoleHHeM HOTPATOB, OUCHHAN HE YpaB-
HEHHA

1—¥ L
ro=(—F—+ afx) — —— + ms. (1.10)

FAe rp— YACIbHAN CKOPOCTH AHXaHHA UEAOTD PACTeHNA: % — QLXaHne
Ha EIHHHLY NOMIOIWEHHOrO A30Ta; fx— Q08 230Ta B cyxofl Macce
pacTenna; Wp— cyxan Macca pacTeHus; my — AMXANKE NOLICPHARNA
pacTenns,

3navenne AA8 o MOAYNEHO © NPUBICHCHHEM SKCOEPHMERTaILHEY
AAHHBIX B ¢ Hcnoab3csandes Ypasnennft (1.9) » (1.10). Caenyer aa-
METHTBL, 4TO B MOAEIH NPHEATA NOAHAR YTHAHIAUNA GOTOCHHTATOR
B Teuenne cyToK. B npotHerOM cayuae caelosano On ydecTs ToT (hakt,
HTO 3anacHbie HHTEPMEAHATH HE YTHAHSHPYIOTCA N, YBeANUHBAH CYXVIO
MACCY pacTeHid, He MOABEPralTCA PACXOAOBAHHIO HA ALXalHe pocTa
AR noftepxanna. Jaa pactennil B cTaunoHAPHMX BHCWINNY YCAOBHAX
STOT #HpeKT MHHHMH3HPYETCHA, TAK KaKk PeaepBl NOLIEPHHBAKTCS A
NocToAHHOM yposHe, OcoGeRHOCTRIO AaHHOl MOAeAN ABJACTCA To, YTO
AuXaHme RKOpHed, accOUMHPOBAHHOE © NOTAOUICHHEM HUTPAT-HOHOB,
HENOCPEACTBERND CBAIAHO ¢ ANHAMHEOR Uenoro pacrenns. Huewres,
KOHEWHO, JAPYTHE ACNEKTH AWMXANHA B NAaHe MOTIOWENHs, HANpHMEp,
SATPATH HA NOAAEPHKAHNE HOHHEIX TPAHEHTOR B CHCTEME SHOPCHL—
nofers WIH 3a3TPATH HA BOCCTAHOBAGHHC HNTPaToR B Kophax. [lpenno-
Aennuil [IxonconoM noaXol OTHOCHTEALHO npocT H TpedyeT OUEeHKH
TIMIBKO YIETbHEX I:'H::Ipthﬂl!'fl pocTa nobera HeAoro PE.L‘"[E[-E“H,

3aBUCHMOCTS AWXAHNA OT YPOBHA YIACBOAOB HCCACAVETCH B pafore
Bpnza n 3acrona [109]. ABTOPH NONATAIOT, YTO METOL FONOAANNH
He NaeT A0CTATOYHO TOUHOM OUSHKH ANA AWXauud nopiepwanns. Hun
NOJYUEHN TAKKE PEIVALTATH, HE NOATREPHKIAWOWHE FHNOTEIH O TOM,
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uto FMPEETHBHOCTE CHHTETHYCCKHX NPOUECCOR ¥ KYKYPY3H H A01C0A-
HeuHpKa He aapncut o Temnepatypu., B paGote [109] cpapuneawTca
PEIVALTATH HCCASAOBEAHHA BAHAHHA TEMOePpATYpL Ha AbIXaHHE pOCTS
¢ teoperwueckuMil panduiMi Tlennnnra ne Ppusa. 1o cpasuenie
NOKA3HBAET, UTO XOPOUISE CONAACOBAHHE ¢ TEOPETHUECKHMH pe3yaLTa-
TaMH OTMEHAETCA TOABKO NPH BHCOKAX Temnepatypax. [MTo-emanmomy,
HPH HHIKHX TEMICPATYPAX PACTEHNs caafee peardpyior Ha HIMEHCHN R
B cogepHanin cyberpara. [loayuennsle JanHLe HECOMHENHO NPeICcTaB-
agor AaTepec, OQHAKO, KAK 3TO OTMENAKT CaMH ABTOPH, HERCHO,
OOBRCHSIOTCA JH OTMEHEHHBE PACXOMACHNA HEALCKRATHOCTRIO MOACTH
HAH CBA3AHE C METOLOM HaMEepeHin.

‘ru'l'h;!ll:h[ Uﬁj]E]U?ﬁl, TEHAEHULHA B FHEHIIT]!H ]JT-JEI'J'I_' Tk Hl’l‘,ﬁl_f‘.‘.‘ll!r.l‘llﬁﬁl-li[}ﬂ
AWXAHRA B NOCACAHCE BPCMA COCTOHT B ToM, 9To0M YHECTh SHEpreTH-
HECKHE 3ATPATH HA CHHTES CTPYKTYP PasaudMHOro XHMHUECKOro CocTana
B pA3HEX YCAOBHAX BHewHed cpeaw w anddepenunpopath B MOAeAH
HINOAOTO-GHOXHMHYECKHe NPOLECCH N0 HX NOTpeSNHOCTH B SHEPTHH.
XoTA K HacToAUleMy BpeMenl Takofl MoAXod K OleHKe AWXafpn eule
HE peanH30BAH B AAHHHONEPHOAHHX AHHAMHYSCKAX MOACAAX, OH AB-
JAETCA BechLMA NePClekTHRNEM, ocofieHHo B MOAENAX, NpeaHasHavel-
HEX JIA pacueta XUMHUeCKOTO cOCTaRa pacTeHui.

1.2, Munepanssnoe nUTaRHe

Mogeanpopanie MEHEPAABHOTO MATAHHS PACTeHHA — 3T0 Mojgenn-
poBalHe NOrAOWCHHA MHHEPANLILX SJAeMEHTOR KOPHAMH pacTennil
H BEARYeRnA uxX B MetaloansM pacrenns. [lan HekoTopux pacreHni,
HanpEMep, GoG0RKX, BOGHHKACT HEOOXOANMOCTLE MOAEAHPOBAHNA QHE-
canny arsmocdeproro azoTa.

[Mornomwenne HOHOB MOIEAHPYETCA HA PA3HWX VPOBHAX: KACTEH,
TKAHN, MHTAKTHOrO pacTeHitd. TeopeTHYEcKHe ACNeKTH NOrAoueHNnA
NHTATEARHEX BeMlCCTR BechMa noino ocsewenw ® [39]. B cooteer-
CTBHH ¢ 3afavaMy Halell KHArH ML OCTAHOBHMCH HA MOAeHpOBAHIN
MOTAOMIEHHA MHHEPAALHMX 3IEMEHTOB HHTAKTHEMH pPacTCHHAMA.

CROpOCTE MOrA0UIEHNA MOACAHPYETCH, NPEKIE BCErD, Kak QYHKUARA
KOHIENTPalii NATATEALHMY BeUECTR ¥ NoBepxnocti kopus. B prae
smofeneii [155, 183] npumMmaeTcs, 4T0 A30T NOTACHIAETCA C TPAHCNA-
paUHOHNEM ToKOM o nyTem anddpyann. Yncaennas Moaens MaccoBOTo
notoka n andpbyann paspaborana fe Butom n Ban Keyaenmom [233].

Mo mucuno Ceanrmana, Ban Kevaena n Foyvapuana [195], coor-
HOWICHHE MOMIY TPEMA BEIHUHHAMH: CKOPOCTBIO MOTOKA BOAW K KOP-
HAM, KOHIENTpauKel a30Ta B BoAe H NOTPelHOCTbI0 PACTEHHA B aioTe,
ONpeAenneT npesaanpoBaNie B MOTJOMWEHHH MACCOBOTO NOTOKA #HAH
amsppyann, Ecam cKopocTh noToka asoTa K KOpHaM Goabe notped-
HOCTH B Hes, npeofiafaer NOCAOUWENHE Yeped MEXaHHIM MACCOBOG
NOTOKA; ecan MeHsine — gepes auddysnwo. [lpaxtnueckn noracuenne
HACT ABYMA MYTAMH, 4 018 KopHed, He 3TKOMWHBIIRX POCT, GOALIIYID
PoakL HEpACT W CHOpOCTL HX POCTA MO HANpABACHHID K HCTOYHHEY MR-
TaHHA.
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B anHaMHYCCKEX MoOaensx pocta pacrennii [101, 120, 187] cko-
POCTHE NOCAMILEHNE HOHOR QNMHCHBACTCH Y EHCHHEM MH}'.H';I:“[E'.'_{-MEH-
Ter. B mogeanx [120, 187] yunTuBaoTes Ana MexaHH3IMa NOTAOLICHHS,
ACHCTBVEOULHE MpH HH3KHX | BRCOKHX KOHUSHTpalHAX HOHOB, :'r’]mmm-
HHeM Muxazauca-MenTen Bupameno TaKse nONOWEHHE KaJans
B [][I'I] 1 drocspopa v [120].

CKOpocTh NOTACUIEHHA AZ0Ta (34 cyTHH) B MOZeAH XI0NYaTHHKA
[149] onmcwsaeres Kak (GYHKUHS NOTPEGHOCTH PACTEHHA B ajoTe,
MAKCHMAILGHO BOIMOMHON CEOPOCTH MNOFIOMIEHHA W KOHUEHTPAWNM
430Ta B NOYBEHHOM nyae. B 1] npunaTo, YTo 4307 NOCTYIAET B PacTe-
HHe ¢ TOKOM BOJAK H BHHOC a30Ta NPONOPUHOHANCH NPOHIRELCHIHI
KOVTHHECTREA NMOMBEHHOrO pPacTBOpPAa, MOCTYMHBINErO B pacTeHie W3 [-ro
CHOH MOUBK H KOHUEHTpauun aannofl GopME a3oTa B pacTeope.

B cesan ¢ 7€M, 4TO CKOPOCTL MOJOBEHIEA NHTATeIbHEX BellecTh
FI'HE."-'M-'!TDHMETEH KAk hVAKLHA HX KOHLIEHTPALNH ¥ NOBEPXHOCTH KOp-
HEH, BOSHHKAET HeoOXOANMOCTE MOACNHPOBAHHA AHHAMHKH MHHEPa b
HHWX SMCMCHTOB B NOYBE C LENLK OUEHKH HX KonuenTpannw. HanGonee
AOTH We pazpadoTkl HMENTCH N0 MOLEIHPOBANIK BIRHMONPERpPALLE-
HIH A30THCTHX CORMAHHCHHA B NOMBE.

Hoctynuuii pactennam MuHepaasimil asor (MNTpaTH U aMMoHN)
O0pasyerca npu MUHEPAANIAUHN JeTKOTHAPOIN3VEMBX A30THCTHX coe-
ANHCHYI MOYBH € YYETOM NOCASAYIOWEd nyvMobHIN3ANNE MHHCPAIL-
Horo asota. Coraacwo knacendmxaunun, npreeaendon 8 [133], monenn
MHHEPATHIANNN 1 HMMOGHAHIAUNA MOMHO PA3JCARTE HA ABE FPYNL:

l] MOIETH, BEAKAAKIIHe OliHcadine M|||:pui5|1ﬂ.'m:r]11mc|{||.'{ Mproies-
COB, B KOTOPHIX A30THHA H YrAepoiHuil UHKIW B3anMocEAIan. Bro-
MACCH  MUKPOOPraMM3IMOB ABAAETCH  Kamwuerofl  nepesenwodt  [15,
170, 224]. Moaean pasanuanwTes no THNAM MHKPOOPraHnaMon, GHO-
MACCA KOTOPHX VUHTWBARTCRH,

2) mofean, B KOTOpHX 3uavenne C/N peryanpyver cooTHOWeHKE
MpoueccoB MHHepaansaumn o pmsmobianzamnn | 140, 177].

B [177] npeacrapnena TeoperHHeckas MOALAL, ONHCHIBAMOIMANA MItK-
pobHoe pazioMeHHe OPraHNYeckoro BeulecTRa (pacTHTeABHHX ILIH
HHBOTHWX OCTATHOB, WAN OpPraHHYecKoro BemiecTea novsw). Tazsxas
NPeANOCHAKa MOLEAH COCTOHT B TOM, 4TO CKOPOCThE PE30MeNHd -
Goro cyGeTpaTa NpoNopUHOHAIbHA CKOPOCTH POCTA MUKPOOpraHH3IMoB,
QENINECTRIAKMIIHE STOT !!IFI-E!FJ;L"L‘L‘, Pi’.‘r}'.‘]ﬂ'l’:]pﬂ?.'l, HEIIPEH.‘IH}ﬂ[lLIIH npao-
UCCe paZIOHEHHA B PYCA0 HMMOOHAHIALNN WAH MHHEDPAJHIAWHN, Cay-
HHT COOTHOWEHHE YTACPOA(A30T B pasdaraeMoM MaTepHane, cpasHi-
BAEMOE ¢ COOTHOMIEHHEM YrACpoa/asoT, HeobXoAuMEM IR POCTa MEK-
poopradmamon, Mumuobnansauns onncana Kak (QyvHELER J0aH a30Ta
B KIETHAX MHKPOOPrafHaMoB, VASALHON CKOPOCTH HX pocTa, GHOMACCH
H COOTHOLHIEHNRA MEH IV Hﬁlh‘[t}lll”ﬁllﬂ?.ll A3I0TOM B cpeae u I]ﬁlil_HH a3an-
TOM {ESDTUH Cpelld 1 a30ToM pasiaraeMoro Mg[?tp“ﬂn,a}. MHHEpatn-
3AUNA — KaK QVHEWNA [D0AH 330Ta B KICTKAX MHKPOOPraHH3IMOB,
_'-',J_E.‘lh:llnﬁ I:H;I:_!IPLH_"'H! HX pI:JETH. ﬁlrn.\lﬁq_‘l_‘u, COOTHOWEHNA MEEAY A30TOM
paznaraeMoro Opraeuvyeckoro BemecTea n obMHM A30ToM cpeln {aao-
TOM 3K30FEHHOrO AMMOHHA H A30TOM MUKpOOHEX Tea) o CKopocTi
HAMEHEHHS COLEPAAHHA A30Ta B paziaraeMmoM MmaTepnase. CRopocTh
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HETTO-MHHEPATNIAWHH ONPEACAHETCH N0 PAIHOCTH MEHAY MHHEPANN3A-
uned 1 pvmsobansanned. Mojgeas peliena upcaenno,

Mogean, OniCHBAKIHE MUHEPANHIAUHIO H HMMOGHAKIALHIO, Pas-
AUIHOTCH A0 KOAHYECTBY OPraiHMeckny BELIECTB, PAacCMaTpHBACMEIX
B KatecTRe cyOCTpaToR A48 mukpofos. Mogean pacnaga opranndeckof
MACCH PA3ANYAKTCH NOPRAKOM KHHETHYCCKON PEeaklHy, OnicHBamued
MpoiLece, a Takme XapakTepoM aeficTers peryaupyoumero akropa —
otaowenns C/N. B mogeasx [I70, 224] wenoibsomama KnHeTHKa
Mono, 8 [140] — knsernka nepsoro nopaaka. [lokasatenem toro,
KaKoll npouece npeo6aataer — MHHCPAIHIALAA HAH HMMOOHAHIALNA,
cay#ur B [140] ceask wemay otnowennes C/N B cBemem maTepuane
n oTHowennes C/N s nouse. Paccmartpisactes pasacsenne AnrHuna,
UEITII0AH, caxapa, NpHYeM YYHTHBAETCE WHrHOHpYIOLLEe BAHAHHE
AHFHHHA Ha pazfoenne pacTHTeNbiwx octaTkos, Bananne Kueaor-
HOCTH NMOYBEL, TEMNEPATYPH Il BAAKHOCTH HA MHHEPAAH3AWHIO OpPrann-
HECKOrD a30Ta BECACHD Yepes Dezpasmepusle GyvHKIH,

Bechyma HEYMEDMABAOULEN MOLCAR PazaoaeHn OPFaHHYECKOTO Be-
ILECTRA NOYBH paspaborana Cuurom [198]. Mogeas BEAOMACT YeTHpe
TAMDACTH, ONHCHBAWMWNE TpaHcpopMaume yraepoaa, pocdopa, Ka-
A # aszota. Faasuwil npouece, paceMaTpHBaeMuil B MOTEAN — 370
PALNOAEHNHE MHEPOOPTAHHIMAMH YrAepof-, a3oT- u ochopogepka-
WX OCTATHOB A0 CBOGOAHBX OPraHHdeckuy cOoeguHeHni, PE-IC'L‘!-'IELT[.'!II-
BAKTCA TpanchopMaunn cpoBOAHLY OPranmYecKny coeauHennii » 1o-
CTVIHLC I8 PACTeHHil i OTASABHHX MUKpooprannasmon dopun. Yto
KaCACTCA Kaiufd, TO MOLCTNpYeTcs NOAHWA Nepexol Kaiud pactu-
TEALHEX H MHKPOGHBIX OCTATHOR B NOYBEHHEN PACTBOP ¢ NOCJACAYiO-
LM Ero CBH3HBAHHEM B MHNCPAALHON (opMe, NPeRpaleHieM B HOHO-
ofMennyw dopuy, BHMEBANHEM K noraomennes. B paGore [199)
MOAeAb NPOBEPEHA N0 IKCMEPHMEHTANLHEM JaHHMM 0 HCNOJL3OBANA
N HCCAENOBANHA BAKHEX NOYBEHNLX NPoLEccoB H oOLACHENNA pAla
(pakTOR, MOAYHEHNHX SKCNEPHMEHTAALHO.

Hutpudukauns onmcana npakTuieckn B0 BeeX MOLEIRAX A30THOMO
WHEAS H NOAX0AK PA3dHMalTeR TOABKO MO THOY KHHeTHEH. 3710 Han
KiHeTHES Moko, coraacwo kKotopoil npoucce PACCMATPHBASTCH KAk
ABYX(Pa3ublf, T. €. ONACHBAIOTCA NPEBPALICHHA AMMOHHA B HHTPHTH
H padbhefiwee nx okucaenne B wnrpate [224), nan kak oanodaznui
(mimys craano Hutputor) [170]; 8 apyrux caywasx [172, 206] me-
NOABIYETCH KHHETHEA nepsoro nopaaka. B [140] cxopocts untpndu-
KalUHH ONHCWBACTCA A 3aBHCHMOCTH OT KOHUEHTPAUAHE AMMOHNA:
ACHMNTOTHYECKOR IHAYEHHE KOJHYECTBR HHTPATOR NPHHATO pPABHHM
80 % mavadbHOl KOHUEHTPALMK AMMOHHA; YNTEHO BAHAHME HAa HHTH-
PHEALNO KHCAOTHOCTH MONBE, TEMNEPATYPH, BIAZKHOCTH H EOHIeH-
TPAUHH KHCAOPOIA.

HdennTprpnkauns, kKak MHEPOGHOJOTHYECKHA npouece npespaue-
HHA HHTPATOB B cBOGOANKN a30T, onnckBaeTcs oanodasnon [170] wan
Asyxpaznoi KuHeTHEOR MOHO ¢ HCNOABIOBAHNEM B KAUCCTHE NepeMen-
HHX, KONTPOJIHPYIIIHX CKOPOCTH Npolecca, KOHLEHTPalWHH HHTPATOR
HAH HHTPaTOB M PacTROPHMOre opradideckoro yraepoia. HwmewTes
TAKAE MOASTH, CCHOBAHHLE Ha Kunetuke nepeoro [172, 206] nmopAika.
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B mogensax aeHnTpudHEAUHK rAABHAR TPYAHOCTE COCTONT B OHeHEe
YPOBHA collepHanna kucaopona s mouse. B [140] cropocts aennrpn-
(PHEAUHN ONICAHA VPABHEHHEM NEPBOTO NOpAika ¢ YHCTOM BAHAHIA
BHEUIMNX (PAKTOPOB — KHCAOTHOCTH NOYBH, TEMOEPATYPR, KOHUWCHTRA-
UMK KHeaopoda (Og) B A0CTYNHOTO OpraHdYeckoro BellecTBa.

B |62] npeanaramrea ypasHeHHA A08 ONHCAHHA CKOPOCTH aMMo-
HHPHKIUHN Oprasmyeckoro BeLlecTBa MOUBH, HMMOGIANIAWNH MiHEe-
PAABHOrG 83074, MUHEPAAHIAUNN ryMyea, HUTPHDHKALHH, AeHATPHpH-
Kauun, [Toaobpano Goabiuoe KoanuecTso GPyHKUHN BAHAHHA BHELIHNX
VCIOBHA Ha CROpOCTL npoueccoR. OaHako, KAk H MOJedb [140], aan-
HAfA BECLMA COREPAHATENbHAA MOLETL HE PELIeHa YHCACHHO.

Hutepechuii noaxon Kk MOIeaHpoBaHN0 HMMOGHANIAWHN HEOPraHN-
HeCKOro (POcpopa MHEPOOPraHHIMAMH B MPOUECCEe PAITOKEHHH PACTH-
TEABHMX OCTATROB npeanaraerca B [120]. Ceass mexay nordoueHnes
(pochopa MUKpoOpramnaMaMi 0 KoHUeHTpauneli docedopa B nouser-
HOM pacTBope ONHCWBAETCH VpapHeHwem Muxasanca—Menrten, 3ua-
YCHHA NAPAMETPOR, OLeHEHHBE N0 IKCNEPHMEHTAMLNEM AaHHEM, NOKA-
SLIBAKT, YTO MHKPOOPraHHaMBl BO MHOTO pas sgupesTHBHee NOFI0ON1A 0T
thocdiop (Ha exunmuLy GHOMaccen), 4em Kopui. OTpasen KoNKYPERTHEI
X@PaKTep NOrAGIEnna Gochopa MUKPOOPraRuIMaMu B KOPHAMH pacTe-
HHE_ B tex caywasx, woraa cuaGmende @ocopoM JHMHTHPOBANOD,
MHEPOGHOE NOrJIOUEHHE BRI KODHEBOTD. YuTeHO BAMAHHE Ha npo-
Wece TeMOepaTypu M BAaXHOCTH nouss. [lpuwsaTto, uto npn HabbTOM-
HOM copepsannn dochopa B MHUKpoSHON OHOMACCe NOTIOLICHHE KOH-
Tpoaupyerca obpaTHuM notokom, Taxkem obpazoM, HeTTo-HMMobAN-
3aUHS PACCYHTHBACTCA KakK NMOrAcUCHNe (B 32BHCHMOCTH OT TeMpepa-
TYPH H BJAXKHOCTH NOYBH) MHHYC oDpatheil notok. B moaean [120]
VUHTHBACTCA H MHHEPAANIAUHA OPra#nveckoro gocdopa, npuueMm cko-
POCTH NOMMOUWECHHA H MHHEpaJH3aunn cOalaHCHpPOBAHBL TakHM obpa-
30M, 4TOOH YPOBeHb JaGHALHOTO HEOPTraHRYecKoro Gpocdopa noaaepHn-
BAJCH B ONPEACACHHBX AJA JaHHWX KOHKPeTHHX YCJAOBHA npepenax.

Tpancopmauna kaaus s nouge mopeaupyerca 8 [101]. Ipunsaro,
UTO KaJAHA HaXOANTCA B nmoune B serHpex dopmax. Boapwas wacts
€ro J0KaAH30BAHA B MHHEpaaax W uHepTHa, CynlecTBeHnble Kojande-
cTBa (HECHPOBAHM Ha TJIHHEHCTOR PCIIETKE, YacTh Kaaus Yiaepwu-
BAETCA B OOMEHHOM KOMIIEKCE N O4EHb HeDOALIUNE ero KouuvecTsa
HAXOARTCA B pacTeope. CHOPOCTL peakuMil MeXAY HOHAMH KaJjaus,
HAXOASUWHMEACH B PACTBOPE M HOHO-00MENHOM KOMNAEKCE NpaKTHUSCKH
MIHOBEHHA, @ CKOPOCTh BIAHMONPEBPALIEHHA B CHCTEME Kaauill raHHA-
CTOH PelIeTEH—HONOOOMEHHRIT KA/ 0YeHbL HH3Kan ® paBHOBECHE
B CHCTEME B NOJIEBEX YCAOBHAX He AoCTHraetcd. CHROPOCTE H3MEHEHHA
ROHUEHTPALAN HOHOOOMEHHOrO Kaana ONHCAHA YpaBHCHHEM [NepBOro
nopaaKa.

ROHUCHTPAINA MHHCPANBHELY 3JEMEHTOR ¥ NOBEPXHOCTH KopHe
ONpeleaseTcd KOHLUEHTPAUHEeR B NOYBE, BLYHCAACMOR N0 MOSETAM
TPpaHcopMalHi, H CEOPOCTLI0 HX NMEPEHOCA ¢ NOTOKOM Boaw, Utofw
PACCHHTHBATE MEPEHOC MHHEPAJILHEY HEMEHTOR © BOAON, HEOOXOMHMO
MOAEAHpOBaTL NepeaBiAenne soin s nouse. [loaesno pasgeants
BEPTHEAALHYIO H FOPHIOHNTAABHYID MUTPALHID MUHEPAIBHEX NeMeH-
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Top ¢ Boaol W nepeHoc sGANaM KopHesoil nosepxnocti. Ilecaeanni
OCYULECTBAAETCH B OTBET HA BOIMYLLEHHA, COINABAEMBIE caMoll KopHe-
Boil nopepxnocThe, Belwlectsa rOAH3H Kopuell nepeaBHraloTca NyTeM
kKoupekunn o anddyaun [39]. Beprukaisuan MHIpAlis XapakTepHa
TOALKO AN HHTPATOB B aMMonHA, [losTOMY nepeaBHAeHHe BOAL Me-
HAY CAORMH HEOOXOAHMO VUNTHBATL TOJLKO B MOAEARX Tpancdopma-
UHKH 430THCTHX coeannenuit. Kaaui n docdop Masonoasumne,  ux
NEPEHOC MOAEARPYETCA TONBKO ¥ NOBEPXHOCTH KOpHEl,

B [158, 184, 206] aoctatouHo NONHO MOLEAHPYETCH NOTOK BOAM
B NOYBE, @ KOIHYECTBO NEPEHCCCHHOrD A30TA PACCUMTHIBAETCH HCXOLA
I3 €ro KOHUCHTpauwn B nounenwnofi moge. Buonornueckme npespanie-
Hild a30Ta B 3THX MOOeasx onucanuw ckyno. B [112] pacemorpenn
MaccoruHi noTok o anddvana.

B nexotopuix monensx [1, 101, 125, 127, 135] onucanu u nepetoxn
HETPATOR ¢ BOAGH I npoueccl TpaHCOpMaUHH A30THCTHX COEIHHE-
uiil, B [101] aas onncauns nepefpHmenns BoAW MeMAY CAOAMH
NOYMBER HCNOAL3OBAHA Moaenns, paspaboranmas & [111], B KoTopoil
BALGKHOCTL Kamaore ¢aof B GOJbLIHHCTEE CAYVYAER NOAIEDHHBAETCH
Ha VpobHEe HaHMeHBIIEA BAArOEMEOCTH HAH BAAKHOCTH 3aBAIAHHA.
Hexona ma sToro nepenoe HHTPaToB B 30He HKopHell Moaeanpyercs
YNPOULEHHO: NPHHATO, YTO NPH HAHMERbWIER BJATOEMKOCTH KOHUEeH-
TPAUHA HHTPATOBR ¥ NOBEPXHOCTH KOpHEd Takas e, KaK B OCHOBHOM
Macce NoYBH, 4 NPH BAAKHOCTH 3aBHAARMA NepeHoca HUTPATOR B 30HE
kopheii wer. Torja KonweHTpauMs HHTPATOB ¥ NOBEPXHOCTH KopHed,
HazuBaeMan asTopami 3fderTHRHON, OLCHHBAETCA TaK:

:12 Ricif
Ft el R {1.11}

n

2 R

T |
TAE ¢-— KOHUEHTPAUHA HNTPATOR ¥ MOBEPXHOCTH KOpHell; ¢; — KOHICH-
TPAUHA HATPATOR B {-M NOUBEHHOM cnoe; Ry — Macca KopHeli, Haxons-
Luxes B i-M caoe; f; — kosdubuunent Tpancnopra B I-M ¢cloe, NpHHR-
Mawmnfi snayennda 0 waw | B 3aBHCHMOCTH OT BAGMKHOCTH {-ro clhof;
R — YHCA0 CAOeR,

B mopenn [139] yunTmBaeTcn nepeHoc HHTPATOR B NPHKOpHeBof

soHe Graroaaps andbyain, KOTOpHA 3anHCHBARETCH B BHIE

& =6~ gpr {1 + (=) In{nm*i-n}}. (1.12)

rie ¢ — CpenHAfd KOHUEHTPALMA HHTPATOBR B NOYBEHHOM PacTROpE;
€a — KOHUENTPAWNA HHTPATOB ¥V MOBEPXHOCTH Kopued; [— cKopocTh
NOFIOULEHHA HATPATOBR Ha cAHHHLY NOBePXHOCTH KopHed; [y — koad-
(puuient auddyaunn; 8 — cogepmanne Boi B Nouse; y — GaxTop co-
NpoTHEACHHA; Ly — NAOTHOCTE KOpHER,

Ecan tpancnopr ocymectaneTca nyTem KouBeRumH n auddiyann,
HCMOAL3VETCs HeCKOAbLKO HHOE YpaBHEHHe, NpHBEACHHOE, B YACTHOCTH,
B [112].
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Boaswoe sHateHne B MOACAAX NOTAOUEHHA MHHEPAILHEX TeMEH-
TOBD HMEET OUCHKA LJAHHM H [MOTHOCTH KOpHefi. B sToM OTHOIEHHH
NPEACTABNAKRT HHTEPEC MOJe]H, YUHTHBAWUIME YYAcTHE KOPHEBHX
BOMOCKOB B nordouwenun. Hanpumep, 8 [144] onicana mexanncrade-
CHaA MOAEAb NOMTOUEHHHA NHTATEABHBMX HEMEHTOB KOPHEM ¢ KOpHE-
BHMH BodockaMmi. Mogenb sepuiUHpoBaHa A WECTH  KYJALTYP
H nposeaen ananns uyscreutentHoctd. [lokasano aasn doedopa, uro
Ha NOrMoHeHHe BAHAKT AAHHA KOPHEBWX BOJOCKOB, HX NAOTHOCTD
H pajuyc, HO HAHGOALLICE 3HAMEHNE WMEET JLAHHA.

B mogean [127], paspaGoranmofl a1s nous, 3absaTHX KyKypysoft
H coeil, ONHCHBAETCA MHIPALIA HHTPATOR MEHAY CJACHMH ¢ MACCOBLM
NOTOKOM BOAM, a Takie nyrem angdvaun n amcnepcun. Gunoxumn-
HECKHEe NPEBPAILCHNA AIOTHCTHX COCAHMEHHN MOAEAHDYIOTCA Ynpo-
LEeHHO.

Bropum daktopos, onpegensiomuy npy NpouMx paBHEX YCAOBHAX
CHOPOCTE MOTAOUIEHHA PacTeHHeM MHHEPanbNLX SJCMCHTOR, ABASETCH
peryanpyouee neflcTeie camore pacrenna. Huewrea pasanunue nog-
X0AE K MOACAHPOBAHHIO Npouecca pervasunn. B moaenax [105, 106]
poak pactenns B noraowenun gocpopa ouennsanack Gaarojapa see-
ACHHIO OHOJOTMYECKOrD NapaMmerpa, cpssWeawulero notok dochopa
K KOpHAM ¢ KOHUEHTpauued ero B nousennom pacteope. B |99] npo-
BelleH0 117 KYKYPY3H CpaBHEHHE PACMETHHX H 3IKCMEPHMEHTAAbHHX
AAHHEX, ONPEIeTeHa MYBCTEHTSNLHOCTE CHCTEMBl K PasauyiLM napa-
MeTpam 1 cAeNaH BEBOA, MTO PACCYHTAHHOE noriomenune gocdopa
G0nee HYBCTBHTEABHO K WU3IMEHEHHAM TNOYBCHHEX NapaMEeTpoB, He
NapaMeTpon PacTeHHA.

Huascen [175] paapaGoran TPaHcnopTHY® KHHETHYECKVIO MOLEE,
HAMOCTPHPYIOWLYIO POJL PACTEHHA B NOTJIOWEHHH MHHEPAJLHEX 37e-
MenTos. Bupenenw TPH HWHTEPBANA KOHUCHTPAUWA NHTATeNLHHX 37e-
MENTOB B MOYBE, B NPeACAAX KOTODHX BOSMOMeEH poct pacrenni. [Laa
NEPROrC HHTEPBANa (HH3KHE KOHUEHTPAUHH SAeMEHTa B No4Be) meTep-
MHHAHTE CKOPOCTH MOTVIOINEHHA JOKAAHIOBAHA B KOPHAX, BOIMOMHO,
B MemOpane Kaetok. [las Broporo mntepeana CKOpPOCTh NOrACUIEHHA
OMpPeACIAeTCA NMEPEeHOCOM SJeMEHTOB K 30HAM NOTpebneHns u (wan)
Tpancopmaiieii B wopue. 1A TPETLErD — CKOPOCTE MOMIOULEHHA
ONPeACAAeTCa CHOPOCTEIO POCTA PAIHYHKIX OPraHod H PACTCHHA B Le-
JoM. Mogenh noctpoena ana nepsoro cayaan. i onncaHus ceaam
CHETTO-NOTOK SJeMEHTa B KOpeHb — PAaZHOCTL MeRXAy KoHUeHTpauued
ICMEHTA ¥ NOBEPXHOCTH KOPHA H MHHEMANLHON KOHUENTpPaHed, npu
KOTOpOil 3HaveHHe HETTO-NOTORA GAHIKO K HYNI0® HCNOALIORAHO ypan-
Hewe Muxasanca—Menten. SPpPeRTHRHOCTL NONIOIMERHs  onpefe-
JAAETCH CACAYIOMHMHE, IJABHCALULMMHE OT PACTCHHN, MAPAMeTpaMH: MaK-
CHMAALHEM HETTO-NOTOKOM B KODEHE Ha eAHNHUY AJHHW KOPHA;
KoHCTAHTOR Muxasanca—MenTen, MEENMaNLHON KoRUeHTpaunes sae-
MEHTA B PacTBOPC H AAWHOH HOPHER HA eMHHUY Macch pacTeHHA.
[Tpopeaens pacueTs And noraouedns dochopa, [lokaszano, uto 3i-
(GeKTHRHOCTE NOMIOLEHNS BO3PACTAET NO Mepe YBEAHUCHHA MaKcH-
MaJbHOrO 3HAYEHHA HETTO-NOTOKA W AMHHE KODHER M CHUMEHHA KOH-
CTAHTH Muxasanca—MenTen W MHHHMAJALHOM KOMILEHTpAIHW,

25




Kova, Huane #t Cricapt [120] npn moxeanposannn peryagpyowed
POAH PACTEHHS B NOrAciienny ocdopa HCXOAHAN N3 NpeACTaBACHHS,
OTO TAEBHOM ABHAYLIEN CHI0R NPH NOMIOMEHHH ABARETCH NeépeHos
sACMENTa uepes nosepxHocThy Membpany wopua. Jaa nepenoca
ochopa wepes naaIMATeMMY B UHTOMAAIMY, Fie KOHUCHTpauns doc-
popa momer B 50—100 pas npeBmiInaTh €10 KOHUEHTPALNHKD B NOYBEH-
HOM pacTBope, TpelyeTcAa MeTafoanueckas SHepris. 3a c4eT 31010
MOTOKA CO3AALTCHA FPAAHCHT KOHIEHTPALHN B NOYBEHHOM PACTROPE, YTO
obecnennsaer npaTok hochopa K nopepXnocti Kophel nytes andgdy-
ann. TlpepenbHEil YpoBReHs NOTJOUECHAN ONPEleasieTcd B MOJEIH CO-
spannes oGpaTHOrO NOTOKA SACMEHTA H3 KOPHEH BO BHEWHIOW CpeLy,
YTO OCHOBANO Ha HaGAWASHHAX, CORAACHD KOTOPHM NpH Hekoell qocta-
TOUHO BHCOKON KoHUueHTpaunu tocdopa B nuTonsasMe kKopuell naas-
MageMMa npuobpetaeT cnocobHOCTE OTAABATE HOHK B HAPYKHWA pac-
Teop. B nTOore npofiecc NOMOUEHHA ONHCHIBRETCA  ypaBHeRHeM
Munxasanca—Menten, a o0paTHWA NOTOK PACCYNTHBARTCH KAK 3KCNO-
HEHUHAILHAR (PYHKUNA KOHUSHTpaunH dochopa B KOPHAX, MEHAD-
mancs or 0 g0 | npy n3Mesenun Konuentpaunn doctopa B KOpHAX
or 0,1 mo 0,6 % (Ha cyxyw maccy). Bropof acnekT BAHAHHA PAcTeHHA
Ha NOrAOLUIeHHe, YUTEHHBI B MOAENH, 3TO pasMepu AKTHBHOR GHo-
Macehl KOpHed, B WacTHOCTH, cOAepXanne B HHX asoTa. Pynkuns sans-
HiIl KOHUWEHTPALNH a30Ta B KOPHAX Ha noraouenne gocdopa paccun-
TaHA MYTEM JHHEAHOR HHTepNONSUNE B NPeleJax cOAepAaHus asora
B Kopuax ot 0,8 1o 1,6 % (Ha cyxvio maccy).

AHaNOrHYHBIM oOPA30M MOACAHPYIOT PerVARPYVIOUYID POadL pacTe-
uin Peyee w Hunne [187]. TIpH Bucokoll KOHUCHTPALUHK a30Ta B Kop-
HAX NOrAolleHHe CHHMABTCA 3a cuer olpatnoro notoka. [lpumarto,
97O OOpPaTHONG NOTOKA HET [PH KOWLEHTPalHH a30Ta B KOPHAX
Mensie 0,6 %. KonuenTpauwa asoTa B KOPHAX., BHIIE KOTOpOi
YCTAHABANBACTCA PABHOBECHE MEMIY NOTOKAMM, 3aBHCHT OT KOH-
uenTpaune HATpatos B nouse. [Ipn nopmimennn ee ot 0 go 20 rfw?
PABHOBECHAH KOHUCHTPAUMA #@30Ta B KOPHAX BO3pacraer ot 1.5 1o
25 %.

Moaeas docopHore nuTanus pactenni waaomena s [39]. Llen-
TPAABHLM NApaMeTPoM MOAEIH ABIAETCH colepmanne dochopa v no-
fere (B npoueHTax). :

B sonenn Crafiha n Cumura [193]) npunato, 4T0 KOHUERTpauna
docdopa BHYTPH PACTEHHA ONPEIeNAET er0 KOHUEHTPALUNKD Ha NOBEPX-
HOCTH KOpHA, T. €. aTTparupyoulas cnocobHOCTs ONPeaeineTca KoH-
tentpauned dochopa s pacrenun. [Moraomenne nyresm anddyaun npn-
HATO NPONOPUHOHAJABHEIM PasHULEe MeKLY cpeanel KonuedTpauuHed
SJACMEHTA B MOYBEHHOM PACTBOPE M THNOTETHHCCKHM €€ 3HaucHHeM,
NpefcTARIRIOUHEM KoHUeRTpauni pochopa B pactennn. Analorninue
OPEANOCHAKN HCNOALIOBANE NpPH NOCTPOSHHE MOJeIH NOrAOWEHHA
a3pTa pacrennes [194). B 3apHcHMOCTH OT HKOHUEHTPAIHK A30Ta
B [OYBE BHAEAEHO NOFAOUIEHHE, JHMHTHPOBAHHOE €HCTOMHHEOMS (npH
HH3KHX KOHUEHTpauuaAx azoTa), H «croxoms> <(npu OGonee BHCOKHX
KOHUWEHTPAUNAX a3ota), B npejgesax HE3KHX KOHUEHTpAauni norno-
HieHHe NPoNopPUHOHAILNO KOHUEHTpAURH asota B cpeje. [lo mepe no-
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BREIICHNA KOHUEHTPALUNH A30Ta B MOYBE H B PACTEHHH PEryINpYIOLIeE
AGHCTBHE HaWWHAET NPHOOPETATH KOMUCHTPAUHA A30TA B pacTeHnH.

B mopean Beprca [112] npuusto, uto MakcnManbHad CHOPOCTh
NOrACILEHHA OnpefeaseTcd NoTPeliHOCTAME PACTEHHE B IaHHOM NHTA-
TEILHOM 3EMEHTE W NpoHHUAeMoOCTE KopHeil. Tlpn cunxenun xon-
USHTPAUNH 3JeMEHTa B PACTCHHH VBEIHYHBAETCA € rpajHenT MEHTY
NMOBEPAHOCTLID KOPHER W NOYB0MH, YECAHUHBAETCH MAKCHMAILHAA CKO-
POCTL NPHTOKa SAEMEHTa K KOPHIO, 4TO o0ecneymnacT norjolenie
foapliero KOAHYECTBA 3AEMERTa NPH JaHHON  ero KOHUEHTPalUHH Ao
BHewnel cpege. Oanako, Kak OTMENEET aABTOP, BOIMOMI Apyrue
MEXZHHIMB  PEryAAUNE  MOrAOWEHNA, NOCKOJIBKY HMeerca npejed
B YBeJHUEHHH NPHTOKA SACMCHTA K NOBEPXHOCTH KOPHER.

B moaeasx azordoro nutanus, paspalboTaHibX I8 OBOULHEX Kyah-
Typ [101, 135], MakcnMaabHas CKOpoCTH NOrJOLENHA a30Ta (Ha ee
OCHOBE 3JATEM pacCUNTHBAETCH (AKTHYCCKAA CKOPOCTH NORIONLeHNH:)
3ABHCHT OT CHOPOCTH POCTA PACTEHNA, MaKCHMAaIbHO BOSMOGKHOrO Co-
JAEPAAHNA 23074, 3aBHCALLEID OT CYXO0il Macckl M OT COCTARA PacTelmHs.
Ha MHOrHX KyabTypax 6LNa BHEELEHA CRA3L MEHAY MAKCHM 37 bHBIM
COAEPHAHHEM 330Ta H CYX0f Maccofi

N =a + be™ ¥ (1.13)

rae Ny, — MakcnMaiLio BOIMOMHOE cofNepHAanie 33oTa; y — CYXas
Macca; a4, b — KoMCTaHTH.

PyHEUHA, YUNTHBAKOWAN BINAHEE COCTARA PACTEHHA HA MOTAONLE-
HHE 330Td, HMEET BHA

o il
Pa=1412,0e { *’F""”}, (1.14)

rae N'— pasuina Memay colep:anHeM a30Ta B PACTEHHN H Kojiie-

CTBOM €ro, NpH KOTOPOM PocT npexpamaetca (Ny); N}n—pasunsm
MEMAY MAKCHMAALHO BO3MOMHEM codepXanneMm azoTa H N,.

a5 Kaaus npefnaraercd aHAAOrHUHAR QyHKIHA.

B wmonean con [122] npumaro, uro ycBoenme a3oTa onpeneisercs
AOCTYNHOCTLIO AR 3TOFO YLACROAOR; VPOBeHb AOCTYNHOTO A30Ta He
AHMHTHpOBaH. B sToM cayuae ycroeHHe a3oTa KONTPOJINPYETCH CTAN-
AAPTHEM 3HAYeHHEM OTHOWEHHA €CYXA Macca/asoT» B KamaoM op-
rae (NpHHATO, YTO KaMALI OPradl YCBAHBAST A30T HHAHBHAYANLHO) .,
Ecan suavenme 3T0M0 OTHOIIEHHA CHHMAETCH NO CPABHCHHIO cO CTAH-
AGPTHLEM, TO ACCHMHAATHL HEMNOABAYIOTCA Ha ofpazosanue cyxof
MACCH, ecAl, HANPOTHB, €ro 3HAYeHHE BOZPACTAST, TO ACCHMHJIATH
NOTpedARTCR HA YCBOEHHE a30Ta.

B mopenn xnonuatnka [149] wscnoasayercs NPeANoCLAKS, UTO:
PACTCHEE PErYIAHPYET NOTJIOMEHHE A30Ta Yepes noTpeGHOCTE B a3oTe
s pocta. [lorpefnocTs ONCHHBACTCA Ha KamaoM are MOTenH He-
X0a8 HZ MAKCHMAILHO BOIMOBHOH EOHIUCHTPAUNE A30TA B EasIoMm
OpraHe H NPHPOCTA CyXO0H MAacce 3TOr0 Oprawna.

Hutepecnaa KOHUENTYaJbHai MOIenb, ONHCHBAMKILAN peryasimmo
pactennes nordomenns. HaTpatos (KNO;), npepaocxena Gen-Llmonn,
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Baaaua u Jlwncom [108]. Cornacko mogens, KNO; nocrynaer B no-
Gern ¢ TRPAHCOHPAWHONNEMY TOHOM 010 KCHISME; CHHTAETCH, HTO CHNo-
COOHOCTh KOPHER BOCCTAHABAMBATL HHTPATH OrpaHHYeHd, HaculleHne
NPOHCXOANT NPH CPABHNTEABHO HR3KOA BRemnel Konuentpamun KNOs,
Na0HTOK HUTPATOB NEPEABHIAETCA B HANIEMHEE OPraisl H TaM BOCCTa-
wapansaetcd, B untonaasme HuTpatm BOCCTaMaBANBAOTCH, @ COy
(puEcHpyeTea ¢ ofpasoBaHHEM ManaTa Kaaus, KOTOpHIl He 3anacaerca
B BAKYOAAX, 4 UETHOUHO nepesellaetes no daosme b kopni. B kopuax
Manar aexapiokenanpyercs u obpasywomniics npn stom annon HCO,
ofiMennBaerca Ma anmon NOj;, 8 KaATHOH KajnA OCTACTCH B KIETHAX
KOPHR H CAYRHT nfﬂTI-IHl.}JIUHUM npH nepeMentenns annona NO, B naa-
FEMNILIE OpraHu. rl]ll TAKOM PECyIRILHN MOradolaercd OO LI HHTpa-
TOH, YeM KaJHd, H pewaerca npobaema peryasunn pH npn moceranos-
ACHIN HATpaToB. Mogean npmiaoxnmMa K Cy-pacTenusis, y KOTOpLX
Maaat obpazyerca TOARKO NpH TeMuorod dukcannn COy.

Hesnacon, Pao u Ceanm [125] npeansosnan 1ae MOAEAK nepeisu-
Hennd, TpancdopMauny H NONIOMEHHS PACTEHHAMHE A30THCTHY COeaN-
Heii: 1) nonpoluyo TeOpeTHIecky0 MOAes, NPeAHAZHANEHHYID A8
HECALLOBARHA NPONECCOB, 1 2) NPOCTYI0 KOHUENTYANLUVE) MOACTh 18
pewenis aaiay yopasaeana. B ofenx mogensx paccmartpmeanTtes:
OAHCMEPHBI TPAHCNOPT BOAB W BOAHO-PACTBOPHMBIX A30THCTHX CO-
CAHHEHHA NPH OPOIEHHH ¥ OCAAKAX, TPaHCHOPMALMK #3074 B NOYBE
H NOrACIEHe BOAK i A30Ta KOPHAME.

[Moraomenne a3oTa PacTEHHAMH BEANMACT NEPeiBIMKEHHE A30TA
K HOpPHAM H 2acopbuni nopepiHocTbio KopHelh. Maccoswit notok
0 gapdysna — Apa rIapHEX NPOUECCA TPAHCHOPTa K KopHaMm. Kon-
UCHTPALLEA HOHOB ¥ NMOBEPXHOCTH KOPHCR CHHMACTCH, KOTAd CROPOCTE
NOTAOILENHA KOPHEM MPeBHIIAST CKOPOCTL CHAGMEeHHA 3THMH HOHAME
NYTEM MACCOBOrO NoToKa. Torfa, seaeaeTene KOHUSHTPAUHOHHOTD Ipa-
AneRTa npocxoant angupyanas NH, 0 NO; & kopram, B mozean pac-
cuatpupaercs notok NO; Makcumannioe noraoiienie azota pacre-
HeM [B MEr N-cyr!- (em? nosepxnoctn noveu) '] B awoboft MoMeHT
B HepHOJ pOCTa ONPeleafiach NMYTeM aHAAW3a KVMYIATHBHOrO MNoriao-
WEHNA a30Ta KVABTYpOil, pacTyulell npn aaekBatHoM chabxednn soaod
i a30ToM. B Moaenn ans 3aflaw yOpPABJACHHA Te Ke NPeANOCHARN
HCNOABIOBAHE B YNpoweHHoll dopme, O6e Mogeln peanHsoBaHB WHe-
SIEHHOD,

B smogean «NITROSIM» [184], onucupawmedi Tpanenopr u no-
FAGHIEHHE pill:Tl'.'.'HHH?-II‘I 4307 M BOAK H TPHH[‘I:]'&[![!MEHHF[ d30Ta H VTe=
pofa B KOpPHEBON 30He, NOTAOIIEHHE HHTPATOR H AMMOHNA paccMaTpH-
BACTCH KaK hyHKuHA MakCHMaavHoll noTpelHOCTH pacTedHs B a3oTe,
StpeRTHRHON KOHUEHTPALNH HHTPATOB ¥ AMMOHHS, BAAAHOCTH TIOYBH
o OOECHeNeHHOCTH a30TOM. YpoBeHb OOCCHeHeHHOCTH a30TOM YUNTH-
BAETCA uepes cTpeccopnft $aKTOp, 3HaYeHHE KOTOPOro 3aBHCHT OT
IIOTHOCTH KOpPHER o 3apalee VCTAHOBJACHHOrD KPHTHMECKOrD MITHH-
MYyMa KOHUSHTPALHN HHTPATOR H AMMOHHA B NOYBE.

Ecan smopeaupopanine QHHAMWEH MHHEPAALHHX SaeMeHToR (0C0-
Oenno azoTa) B nouse NpeAcTARACHO JOCTATONHO IUHPORD, T0 Moge-
Jdefi AHHAMHEN NOrMOMENHHX SJIEMEHTOBR B PACTCHHH CPABHHTEILHO
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gHemuoro, Mexay teM 370 pamuelul 37an B MOJETHPOBAHNN MHUEC-
paawnoro nuTAHHA. HuTepecHas KOHUENTYAALNAR MOAeAbL AWHAMHKH
A30Ta B pPAcTeHnH paspaGortana Muxaiidoswm [34]. B smoaenn suige-
AeHE ape 000cobAeHHBMe CHETEME TMOTAGUIEHHA H TPAHCNOpPTd HATPa-
ToB. B cHCTeMy naccHBHOre TPaHCHOPTa BXOAAT CROGOAHOE MeMENe-
TOMHOE NpOCTpaHcTBo (KopHs W JucTbes) B Kewaesma. TMaccupnoe no-
FAGIIERAe A30TAa KOPHEM 3IABHCHT OT PA3IHOCTH KOHUEHRTPalHi HH-
TPATOB B NOYBe H CROGOAHOM MEMEJETOUMOM NPOCTPAHCTBE KOPH A,
B cucreMy aKkTHBHOTO TPAHCNOPTA BXOANMT CHMOJAacT (KOpHA H
ancthen). [lepeapuiicine asoTa no cucTeMe AKTHBHOMO Tpancnopra,
T. & Er0 NOrAOUEHHE HOPHEM, BHIENEHHE B CBODONHOE MEKKJIETOY-
HoE NMPOCTPAHCTBO B NOTpedJeHHe CHMITACTOM JHCTHER NPOHCXOAHT
€ 3aTPpaTaMi 3HEPrHH H  ONPeAenseTcs noTpefHOCTLIO  OpraHos
pacTenus,

B monean [120] nepenoc docdopa B pacTenHs pervanpyerca mu-
HEMAALHEM YPOBHeM 3JCMCHTA B IKCOOPTHPpYHINEeR Teawn. Tlpuasto,
HTO CKOpOCTh nepedoca ¢ocdopa M3 KopHell B HagleMHHE OpPraHM
NpanopUHoHaNbHAE KOHUeHTpauuy docdopa B KOPHAX B nNpefejax M-
HHMANLHOTO H MAaKCHMANLHOrO ZHAYMCHNA KOHUEHTPaLHA, HHKe I BrILC
KOTOpwX mepenoca net. [Ipn nabutre docdopa B HAAIEMHMX OPraHax,
KOrla oTMedaeTca ANcHaTaHc MeX1y ere NPHTOKOM i HCAOb30BE-
HHEM, BRIIOYMAETCR MeXaHuiM oOpaTHOro notoka, B paskuue dasu
PAIBHTHA pacTeHHs nepenoc gocdopa B HanzeMHHe OpraHs NpoOHCXO-
AHT © pPasjaHYHOl CKOPOCTBEY, STO PeryaAHpYercs  (eHONOrHYecKHM
HugexcoM. Ilpm crapennn docdop nepeHocRTCS B PACTVINNE THKAHH.
Hacte docpopa yaeasercA ¢ onagom. TIpusoasates peayanTtatud ume-
ACHHOTO PelleHHA MOLEAH. AHAJOTHYHEM o6pasoM ONHCHBASTCR JHHA-
MHKa 230Ta B MOJEIH E]Bﬂ.

Bau Keyaenom s [155] KoHUuentyansno masomeno Moaenpozame
ANHAMHKH a30T3 B PACTeHHH H NPHBENeHM PE3VALTATH PACYETOB 019
noayapuanod 3onu. Mepoft norpebrocTn pacTeHHs B a3zoTe cunTaeTcH
PAIHALA MERAY KOHUCHTPAUNEH 330Ta B THAHH B MaNNKN MOMEHT Bpe-
MEHH H MaKCHMAaAbHO BOIMOMHOR KoHUeHTpauuedl, koTopas 3asH-
cnt ot Pasw passata. [lpn orpanudennosm cuaGmennn azoToMm
NOTACIICHHKH a30T pacnpefe’feTcs Memay noberoM H KOpHeM cooT-
BETCTREHHO HX OTHOCHTENLHOA motpebnocTu. Pacnpeneaenne semay
HAASEMHEIMH OpraHaMy OCHOBAHO HA OUEHKe OTHOCHTeABHOro aedm-
WHT@ FIEMEATa B OTAeAbHEX opranax. [lpm ectecreensom crapemmn
THAHH HAH CTAPEHHH, BHABAHHOM HEJOCTATHOM BAATH, A30T VIAJRETCA
¢ onanoM. Tpi eTapeHun BCASACTRHE a30THORO TOJIOMAHNA 230T Nepe-
HOCHTCA B pacTyllHe THAHMN.

Tpnusyn u Bapnec [137] paspabotaam Teopernueckyio anHaMu-
UECKYI0 MO/1eak, ONUCHBAKULYI0 CHIKeHNE CONepManna GeNKa B pacTe-
HHEH B MpoOeste pocTa. np&.ﬂ.ﬂﬂﬂﬂ.‘]l{ﬂ MOALTH COCTOHT B TOM, UTO {:ﬂz.
GHKCHPOBAHKAR B npounecce POTOCHNTEZN, BRIIOYACTCR B MeTaloqnaM
B ABYX HANPARNEHHAX: 1) A8 CHHTEIAa CTPYKTYPHHIX H aanackux Ges-
A30THCTHX KOMNOHEHTOB CYXOff Maccu, He TpebyiolmMx SHeprad Aad
nojaepHanng; 2) 1A CHHETEIA ¥ NOAACPMANNS GEAKOB HAH QEPMEHT-
HEX CHCTEM, OCYILECTBAARUIINE MeTABONHYLCKNE NPOLUECCH B PACTEHHN.
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B tedenue poeta noasepmusaerca Gaaaue MERAY AOJAMHE TIIOKO3H,
MeTaGOANINPOBAHHKMI B 9THX HANPaRIeHHAX. Ipu anexsatHoM caab-
HOHHH a30ToM Macca Geaka B pacTeHHn P cBA3aNa © Maccoll Go3aio-
THCTHX KOMNOHEHTOR COOTHOMEHNEM

In P/P, = (/) In FIF, — BM, (t — 1), (1.15)

rae Py u Fo— zuavenna P u F B moment [: 6 — KoxdipuunenT, caa-
3AHHHA ¢ OTHOCHTENLHWMME CKOPOCTAMH CHHTE3d OEIKa W Ge3azoTn-
CTHX KOMAOHENTOR, o o [ — kosdiHuienTH, XapakTepHayouHe npe-
Bpatlene rmokosd B P u F (cooteercreenno); My, — nmxanne noa-
AepAKANHA B CAHHHLAX I10KO3H Ha eAnHnuy Genka.

Kak suano ns ypasuenns (1.15), narypaibhue Jorapudmm ana-
HeHuit P n F ann oTAenbHEIX pacTeHHfi OANHAKOBOTO BO3pacTa (Ho
PasHuX pasmepos) Annefino ceasavd Mexay coboi. Ha ocHosanum
paspaGoTannofl  MOZeAH NOAYMEHO YNPOWICHHOE BHpamenne LaR
OUEHKH A0am a3oTa (B npouentax) s pacrenun [138]. INpupencunas
B [137, 138] monenw paccunTana Wa ajeKsaTHoe cHaGieHHE a30ToM,
UTO BECLMA OrpaHHYHBACT €€ HCNOALIOBAHHE,

B cossn ¢ TeM, TO @MEroAHO B NOMBY BHOCAT MHHEpa LHBe yiol-
PEHHA H BO MHOIFMX cayuyasx poct pacteHnfi, ypomxail B ere KayecTtso
JABHCAT OT HX NpHMeHeHnA, GodLIoe 3HAYEHHe ApHOGPeTaeT MOdean-
POBAHHE NOBEICHHA YAOOPEHH B nouBe W Peakuis pacTendii Ha viand-
penns. INocae suecenns yaoGpennil NPOHCXOANT UX PACTBOPENNE, KOTO-
poc B page Moaenefl PACCMATPHBACTCH KAK MrHOBCHHHMI npouece.
B apyrux moaeanx pactsopenne yaoGpenmnt onscupaerca ¢ HpHBIEYe-
HHEM CBEACHI 0 PHINKO-XHMIYECKOH NPHPOAe NPOLecca PacTBOPEHilA,
Haii u Tunxep [38] oTmeualoT, 4T0 B HACTOAWEE BPeMA HET TOUHOrO
TCOPETHUECKOTO ONHCARAA ANpPyann BeINECTEa W3 BHECEHHHIX B Nousy
yAaoOpennii. B HexoTopHX cAydasx (3HAUNTEABHOC H3IMOHEHHE oliei
KOHUEHTRAUNN CONH, peakoe uaMenenne pH npn BHECEHHH HeKoTopux
THNOB YAoOpeHud, BOIHNKHOBEHHE TPaANCHTa OCMOTHYECKOTO NOTeH-
HHala npH BHECEHHH CROMHWMX yaobpennit) zaaaua onHcaHHR pacTeo-
PeHHA YROGpeHni yeaoMHReTcs.

B paGore [62] npasoanTes ypaBnenne nu pacuera cKOpoOCTH pac-
THOPEHIA MHHCPAAbHHX a30THWX VA0GPeHnii, BHECCHHHX B BIIE rpa-
HYyA. CKOPOCTL YBEAHNENHA COACPAANHA AMMOHNANOTO AN HITPATHOTO
d30Ta B ORpYHallleM PacTBOPE NpPH PAacTBOPEHHH TPaHya NpHHH-
MAETCS NPONOPURONAIbHON CKOPOCTH PACTROPEHHA TPAHY.I, YHCAY rpa-
HYJ H BAAKHOCTH [OYAR.

[Mocae pacteopens KOMNOHEHTH YAOGPEHHA BOBNEKAWTCH B pas-
AHYHEE NOTOKH: NOTAOWANTCA PACTEHHAMH, GHKCHPYIOTCA B HEAOCTYN-
HEX AAA pacTenHs Gopsax, HMMOGHAHIVIOTCH, TEPAKTCH NPH BEIME-
BAHHH WAH CTOKe, OCTalTCHA B NOYBE B JOCTYNHON AJ8  pacTennf
popme. Hanloapimee sHagenne HMeeT OUEHKA KOJNYECTER NHTATEIb-
HHX EMCHTOB, OCTAIONIHXCA B NOYBE H JOCTYNHBIX AJA8 NOrAOILCHAR
PACTEHHAMH CNYCTA AJAHTENBLHOE BPEMA NOCAE NPHMEHeHHR Yiolpe-
HHH, MOCKOALKY 3TO NO3BOJAET NPOrHOSHPOBATL BHECCHWE YAOGpenni
¢ yueToM 3(upexTHEHOCTH HX HCNOJIb30BAHAS B SABHCHMOCTH OT foy-
BEHHO-KAUMATHYECKHX H NOroAHHX YeaoBmil,

B [61, 219] onucwpaerca nepenoc yaolpennii B novse n noraoue-
wne pacrenuami. B smomeaw, npencrapmenncit s [219). pacemarpu-
BAWOTCA TPaHCPOPMANHN A30Ta B NOYBE (IMAHMATHUCCKHIT FHAPOAMS
MOUCBHHL, HHTPHpUEaas, Aenutpudukauma), oanoMepuuil Tpamnc-
NOPT BOAM R A30Ta i NOTAOUIEHHE BOAL H 430Ta PACTYLLEN KYALTYpPOIL
Moaeas npumennMa fas caydan BHECCHHA Bpasdpoc a30THHX yaobpe-
HHH B BHje ModesnHE, OUCHEHE KOHCTanTH AN YpasHeunii nepeoro
NOpPAAKE, ONHCHBAIMHE 00pA30BAHNE AMMOHHA H3 MOUCBHHE, HHUTpA-
TOB H3 AMMOHHA H NOTEPH HHTpaToR npu AeHuTpudusaunn, Ilposeteno
CpapHeHHe PacHeTHHIX H IKCNEPHMEHTAALNLX JaHHBX ¢ HeCKOJALKHME
Aczami yaobpenni u opowenns. CYVILECTBEHHEM HeIOCTATHKOM MOASTH
ABAACTCA HEY4eT HMMmoGuanzawun yaodpenuli o BANSHHA TeMnepa-
TYPH H BAAMHOCTH NOYBL HA CKOPOCTH TPAHCHOPMALUHN,

Pyccenn [189] npennaraer oGoGWeHnYI0 MEXaHICTHUCCKYIO MOAEIE
NOBEACHHA B NOYBE NHTATENLHEX YICMEHTOB YioGpennii. Cuctema pas-
AeNeHA HA IBa KOMNapTMenTa: JOCTYNHWE A48 PACTeHHN SJeMEeHTH
NUTaHHA W neaccTynnue. [lopeaenne STHX ABYX NEpeMEHHHX COCTOS-
HHA ONHCWBACTCA ABYMA JAHHENHWMMH AHPOCPEHINANEHHEME VpaBHE-
HHAMI, YPaBHeUHs PelieHH aHa nTHYCCKH i NapaMeTpH OUCHEHH 11
cayuan pHeceHna dochatnmx yaobpenni. [lo mozean paccuntano Teo-
PETHYECKOP MAKCHMAABHOC KOJHYCCTEO AOCTYNHOrD 3ACMENTa B M060d
MOMEHT BpeMeHn nocie BHecenns yiobpennii, Mojean Omaa Henods-
J0BAHA, YTOOH OUEHHTHL Q036 yRoOpeHHfi AAR AaHHOrO THOA NOYBH
€ UeALlo NoAACpAKanuda pasmoro yvposua (Ao Bucokoro, Janio
HH3KOro) acctynuoro docdopa NpH  BHCCENHN PA3HBX 403 yAOG-
penni.

Cpuneygom [139] paspaGorama AMHamuueckan MoAedb OTIBBH-
BOCTH pacTesni Ha asornwe vaoGpewns. Mopeas nospoaser exe-
AHEBHO PACCHHTHBATD Ha pasinoM done yYaolpenni MakcHManLHo Bo3-
MOMHOE NOFI0UCHHE HHTPATOB KYARTYpoR, rayGnuy saaeranns kopued,
CKOpPOCTh HUTPpHBHEAUNN, obllee colepialle HUTPATOR B KopHeBod
30He, (PAKTHUECKOE NOrAOLIEHNE HHTPATOR, KOAHVECTEO a30Ta (B npo-
UEHTAX) B PACTEHHH, HAKOMIeHNe cyXofi GHOMaccH pactensfi. Moaeas
JARET BOIMOMHOCTL NPOrHOSHPOBATL 3JABHCHMOCTE OTIWMBYHBOCTH Ha
yAcOpeHnA OT CKOPOCTH pa3pyIUIeHHS OPrauiyecKoro BellecTsa NovBhH,
rayOnHu NPpoHHKHOBEHHS KopHeil, KoaHYecTBa HHTPATOR B NOANOYBE,
KOJHMECTBA BHeCEHHWX npH nocese yaobpenni. Hecheposanus ¢ no-
NOGHHMH  AHHAMWYECKHMH  MOJACAAMH, NOZBOAROUIIMH  OUCHHTE
OTBET DACTEHHA HA BHECEHHWE A30THHE YIOGPCHHS, OTKPHBAIOT
NyTH COBEPIIEHCTBOBANNA PEKOMEHAAUMA 110 BHECOHHI A30THHX
yaoGpenni.

YUHTHBEAA MHOr00GPAZHE ACTEKTOB MOASAHPOBANNES MHHEPAALHOTO
MATAHHA, TECHYI CBA3L C NpoueccaMu  dorocHuTess,  IWXanns
H PACHPEfeNeHHA ACCHMKIATOB, CuHTaeM uedecoobpazuuy ofioh-
NHTh PE3YIBTATH B OGNACTH MOTENNPOBAHHA MUHEPAILHOrO MNH-
TAHHA B KOMIVIEKCE C PE3VIABTATAMH MONCAHPOBARMA APYFHX MNpo-
LECCOnB.

OcranosnMcs Ha MONCAHPOBAHWEM pacnpefeledns ACCHMIIATOR,
POCTa, PAIBNTHA M OHOCHHTE3IAa CTPYKTYP B 3aNacaloUMX opraHax.

ail




1.3, PacnpeiedeHHe ACCHMHEAATOD,
pOCT W PAIENTHE

B conpeMeHHHX MOAEIAX NPOAYEUHOHHOrO npouecca pactennd
ganboaee NOAKO PeadH3CBaH NOAXOA K PAacnpemecHu acCHMHIATOR,
npesaosennni snepane 10, K. Poccom [67]. Ha nenoaszopannn poc-
oy dyukuii K. K. Pocea ocHosan GMoK pacnpeleeHns accuMins-
top B modenax [26, 53, 74]. Hurepechnit noaxon x paspaborke pocto-
sux divikumii npeadoked B [54]. Bo muornx mopensx, paspalotan-
HEx 3a py0esoM, pacnpefeieHiie OCHOBAHO HA STOM e NpHRLHNE
(96, 122, 142, 223]. MMoapobuuil obop MojencH npeactasien s [57].

Henoasaosaune Goaee WIH MEHee HECTED 3aJaHHEX POCTOBHIX
PYHEURE npH MOAEAHPOBAHHH HHTErpaldd H KOOPAHHAUHK MeXay
OpraHaMn (Ha YpoBHE Uea0oro OpPraHdaMa) orpanduHBaer, a nopofi
ALAdeT HeBOIMOMHLM YUeT Peakiuuu pacTeHyNs Ha HIMEHeHHA YCIoBni
Brcmned cpeasl. Boace nepcneKTHBHLM ABISETCA ANHAMIFIECKOe pac-
npepenenne accnMuanTos. Takofi noaxon nNOSBOJARET YMECTh B paMEax
UEJTOro PACTEHHN NOTPeOHOCTH PACTYIIMX OPraHOB B ACCHMEJARTAX,
BIAHMOBAHAHHE PACTYLINX OPraHoB H GEpe3 YPoBeHb AOCTYNHWX acch-
MHAATOR BAHAHNE YCAOBNA BHeWHed cpeid HA POCT OTAENLHHX Opra-
HOB H PACTEHNA B WETOM,

B cosnapacMHX HAMH MOAEAAX <«NOTOAA—KAYECTBO YpoKaas mfe-
AOL3YETCA (¢ yueToM Mopdorenesa KyabTYpB) AHHAMHYCCKHA noaxod
K pacnpeaencnnw accumuaator |79, 81, 82]. Bnepeue aumnamunueckoe
pacnpeieaenye accumunntos ocvmecreaeno de Butom [232] & wmo-
aean ELCROS (Elementary CROp growth Simulator). Cornacho
HCMOALIOBAHNON B MOASAH KOHUEMIHY, pacTenne (a TaKse pacTiTeb-
HOg coObIIecTRo) COACPHHT 3anack (WAH Pe3epeRH) VOACEOAOR, CO-
sfaoWpeen B npoltecce QoTocHHTe3a, Peleped  HCNOJABIYIOTCA HA
AWMXEHNE H poCT OTABIALHWYX opranos. PakTHUECKad CKOPOCTL pocTa
OPraHoR ONpPeieiseTcs ROMRYCCTROM PEIEPROB N BOIMOMHON CKOPOCTHIO
pocTa, aamdcailedl OT OTHOCHTeNLHON ckopoctd pocta. [las wopHed
OTHOCHTEILHAA CKOPOCTh POCTA 33BHCHT OT TEMNEPATYPH NOYBH, A4
AHCTEER — OT cOOep:Kana BoAw B ancre. B nocaeaymouinx Bepoisx
moaeqan (BACROS w FHOTON) [234] pocr EyALTYPH MOEIHPYETCH
KaKk HaKonaesue cyxofi Maccw cTpyrTyp. [lpenaowena pyHKUNE pac-
npefleeHss, ONHCHBAKILAA NOLABIEHHE POCTa KOPHA M YCRAcHHRE
pocTa nofera ¢ NoBLIeHReM BIaMHOCTH MOYBE.

DynaaMenTaisie TEopeTHYeCKHEe pa3paloTKH  JIHHAMHYECKOID
NOAXOAA K PacnpefeneHuio acCHMuAAToB nposeens Topuan [213].
JapHCHMOCT POCTA THAHH JAHCTa, cTefAad WAH KOPHA OT KOHUEHTpA-
UMM cyGeTpata  onucuBaerca  ypasHennem  Mmuxasanca—MenTen.
Mepenoc cyGeTpaTos  PeryaANpyerca pasHocTbIo HX  KOHUEHTpauHf
H CONpOTHBAeHHEM Tpancnopty. O0Wan cyxas Macca PacTeHHA CKAA-
AMBACTCA H3 MACCH CTPYKTYP W Maccw samacos, Mopens Topuan
[213] momuo paccMaTpHBATE KAK MaTeMaTHYecKOe OMHCaHHe HAed,
paaomednnx B [230], 0 naapuAH PYHELHOHAAGHOIO PABHORECHA Me-
MAY pasMepoM H AKTHBHOCTHID nobera, ofecnedHBaloUErc pacTeHue
YIAEROAAMH, H PA3MEpoM H AKTHBHOCTHI KOpHA, o0ecnevHBarlleroc
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pacTeHHe BOAOH B NHTATEABHHIMH BEWMECTBAMH, D72 MOJCAL ONHCH-
BAET pacnpeAefeHHe YIAeBoA0R H A30Td MEWAY NoGeroM o KOpHEM.
B nef paccmarpusaetcs OaNaHC CHHTE3A YIICBOAO0B NoGEroM M NOF10-
WEeHHA 23078 KOPHEM, TPAHCIOPT 3THX 3JAEMEHTOB MEMIY KOPHEM H no-
DEeroM H HCOOMBSOBAHHE B KOMODAPTMEHTAX noGera W KOpHA STHX
ABYx cyOcTpaton. C onpelefenibyM YCnexoM MoAean NpHMeHeHa 1aH

acrepnt tomara [121]. [lpakTHYeckoe HenoAb3IOBAHHE MOZETH

OPHAN AOBOALHO JATPYAHHTCALHO BBHAY €€ CAMKHOCTH, 2 TaKme
DBHAY HEOOXOAHMOCTH OUEHKH HAH HIMCPCHWA CONPOTHBACHHA TpaHCc-
NoOpTy cyOCTpaTos.

B [213] maaomena monens (A0IMHOrO TpaHcmopra, oAHAKO OHA
He obecneuneaer yuera passutis. B [164] npeanaraerca xommenis
SMIHPHYUCCKOrD «[IPHOPHTETA®, COMMACHO KOTOpON Kamawfi Kaacc op-
FAHOB 33A8ETCA pasdnudeMy GYHKUHAMH oTBeTa K cyberpary. Buge-
AGHH NYAR YTACBOL0B, MHHEPAIBHBIY 3NEMEHTOR H BOAM. Y4Y¢T B3al-
MOAEHCTBHA ABYX HAH GOJlee NYJ0B, 3 TAKKE BAHAKKA BOIpACTA pacTe-
HHH M YCNOBREA Buelined cpeiw obecneuHBaeT AUHAMBYECKHA MOAXOL
K MOASAHPOBAHHID pacnpeieledis, HOTOPHIA MOMeT AONOAHATLCT
BRIIOMCHHEM (DYHKUHOHAILHOTO Oalanca B CHCTEME <HOPEHL—MHO-
Ger= [110].

B [188] nperraraerca Mofens pacnpefeneHns, B KOTopof caeaana
MONETES HAATH KOMIPOMHACC Mem1y CAOKHEM MEXAHHCTHYSCKHM Moj-
XOJIOM H npocThM sMnupuucckaM, leasio asTopor sRAf10Ch OTHCKA-
HHE NPAKTHYCCKOrD HHCTPYMENTA JAA HIYYeHHA H HHTEpHpeTauHH
ceAdell MeRLy YAeALNOA CROPOCTLI POCTa  PACTEHHHA, OTHOMEHHEM €10
Ger—Kopenbs o yASTBHBEMH AKTHBHOCTAMH NoGEra H KOpHA B 3aBHCH-
MOCTH OT BHEWHHX YCA0BHH. B Moaean nocryanpobada PyHKUNA pac-
NPeAcACHNA, YIYHTHBAWMAA AJANTHBHEA OTBCT pacTeHHA HA HaMeHe-
HHE BHEWHNX VCAOBHA Yepes OTHOCHTENbHLE VpoBHH cyfcTpaTton
BHYTpH pacteHia, CymecTBeHHMMI HELOCTATRAMH MONCAH ABASIOTCA
CABAYIOULHE: HE YUTEH TPAAHEHT NOTOKA ACCHMHAATOR, NPHMEHHMOCTD
MOJEAN OFpaHNYEHa SKCOOHCHIMAILHEM POCTOM, TapaMeTp, onpeage-
AT B QYHEUNH PACTPEACACHIA CTENEHL KOHTPOAR CaMOr0 PacTes
HHA HAA pacnpeaeacHueM, oUeHHBACTCA oYeHb yeaosno, Onnako B uwe-
AOM MOIETE BECEMA HWHTCpECH3, Kak MONHTHEA NapaMeTpH3alnH pac-
NPeAeIRTEALHON CTPATErHN PACTEHHA.

B paMKax QHHAMEYECKOro NOAXOAA K PACHPeRencHHI0 ACCHMLia-
TOB paspaboTana Mojens Jouepuw SIMED [174].

Moneas pacnpeaenenns cyXoro BEMIECTEA MEMAY OPraHaMu pacre-
HnA, paspaGorannan Hapassom-Sapapacom [116] ocnopana, Kak n mo-
aeas Topman [213), na naee pyHEUHORAARHOrO PABHORECHA MeRAY
noberom n Kope™m. JlocTOMHCTROM MOmedw Hapawaa-3apapaca as-
ASETER TO, 9TO GHA NO3BOTAET OTHOCHTEALHO MPOCTO ONPEACAHTE KO-
(PHUHERTI PACAPEIEIEHHR CYXOT0 BEUeCTR MeHay noferom u KopHes,
Kosdguunent pacnpeneacuns 8 noGer paccMaTpHBAGTCH B 3ABHCHMO-
CTH KaK OT YAGIBHLX akTHBHOCTER nofera H KOpHs, TAK W OT J0AH
430Ta B Yraepoaa B cyXxol macce pacrennd. Kosdduuuenr pacnpene-
ACHHA B KOPHH HAXOAHTCA HCXOAS H3 TOTO, NTO cyMMa KosddHUHERTOR
pacnpefeseddd B Kopens M nober pasna eaunune. Crapenne Jncra
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MOLCAHPYETeR KAk (PYHEUHA MeTaloaHueckoll aKTHBHOCTH KYALTYpPH,
HHTCHCHBHOCTH (POTOCHNTEIA N CTENCHH 32TEHEHNA JAHETa B HOCeBe,
PenpoaykTHaHEE MEPHOL  pOCTa ONACHBACTCH A8 KVALTYD, pOCT
BETCTATHBNLEYX OPradoB KOTOPMX NPeKPAliaeTcss ¢ MOMEHTA WBETEHHA.
lNpopeacna OUEHEA NAPAMETPOB METOAOM ONTHMHIZWHH H npoBepKa
MOoLe.

Bo peex pHuenpHBeleHHNX MOACIAX pacnpelenenus acCHMIAATOR
HE YUHTHBAETCA passiTHe pactennd. B paae moaeaen [149, 150, 171]
NpeanaraeTcs TPeTHil NOAX0A K pacnpelelcnHio, B KOTOPOM VuHTM-
BAETCA MOTPEGHOCTL B ACCHMHAATAX pacTyulero oprana. OnuckBacTcs
(PaKTHICCKH CHCTEMA SHCTOMHHE—CTOK» (source—sink). B wosuen-
TYAALHON opMe 3TOT NOAX0A H3J0MeH, B yacTHoCoTH, B [150]. Pacre-
HHE Pa3jenedo Ha KOMOApTMenTW (AHCTEA, cTefan, KOpHH # naoau),
4 KaMAblil KOMOAPTMEHT, B CBOI OMEpedb, NOAPA3ACAACTCS Ha B3
KAACCE — MOAOAME H 3PCALEe TEAHH, B TeX H APYIHX TKAHAX HMEWTCA
PACTEOPHMHME YTAEDOAW B YFACROAW, CBA3AHHLE B CTPYKTYpax. Marte-
MATHYECKH OpMATNI0OBAHE ABE FPYINE NPeRpRULEnHii; NPeRpallenHe
PACTBOPHMMY VIJCBOLOB B CTPYKTYPH PACTYIHX THanel ¢ yuetoMm 3a-
TPAT HA AHXAHME. AJMH 3IPENLX TKAHER 3TO PECHHTES W 3aTpaTtil Ha
Auxanne nopiepmannn. [Apyrasn rpynna npespaueHni — 3to we dm-
SHOMOTHYECKHT MEPEHOC, & OUEHKA ¢ NOMOUILIO CKOPOCTH oTapeHis,
onpefenseMoll Kak GVHKUHA CYMME TEMOepaTyp, AoaH  pactyuied
TEAHH, Nepexoafiled B apeays TKalb. .

Hanbonee noanan YHCIEHHAN PEAAHIALKA AHHAMBEYECKOrO NOAX0Aa
E PAacnpeacienno ¢ Y9etoM MoporeHeTHIeckiX ocolennocTel Kyib-
TYPH OCYLIECTBAEHA B Modennx xaonuatHuka SIMCOT I1 [149, 171).
Poct pacTenns B 3THX MOJAeNAX ONHCHBAETCH B 33BHCHMOCTH oT doTO-
CHHTE3a, NOTAOIULEHHA 330T2, ALXAHHA H PEIEPROB YIJICBOAOB W A30TA.
Yraceoaumii Gananc npeicTaBaed TPeXKOMIOHEHTHON cHcTeMmoll an-
Heiinux anddepeHunaitim@x ypasHCHHi NepROr0 NOPRAKA: CKOPOCTH
HIMEHEHHA PeIEPBHOMO NYJa Yraesolos Kak dyekupn dortocHHTesa,
CKOPOCTH JMXAHHA POCTA, AWXANHA NOAAEPHAHIA, AMXaANHA €pe3eprH-
posanpsx n obllere CyXoro Beca TKaHH, CKOpOCTH (oTocHnTeda, Kak
thynkuny navencnanocTs PAP; cropocTi pocta (HAKONJEHHA CYXOTO
BEULECTBA) Kak Gyukumn ofbeMa yraepoanoro nyaa, AOCTYHHOMO LI
HeNOAL30BAHHA B pocTe. PesepBul yrieBolos oUEHMBAKOTCH NO pas-
HOCTH MEMAy DOTOCHHTEIOM H 3ATPATaMH Ha pocT N auxanue, B cay-
HAg eCAH YIAEBO10s, 1ﬁp33}'m1mixcﬂ npi I:im'mL'J!II'm:ﬂ: Ha [AaHHOM
Ware MOASAH HENOCTaTOMHO AAA POCTa, HEROCTATOK BOCTIONIMACTCA 3a
cuer pezeppob. AHanorHuHiEM  O0pa3OM ONHCHBAETCA 3ABNCHMOCTL
pocTa oT noraouledds o pezepsos azota. [lpeanoaaraerca, uto doTo-
CHHTE: JHHeHHO CHIDEAETCH © ':'."|H..‘F[l|.[[[i.'1l||l""ﬂ ]]ﬂﬁﬁ,‘FI'H-{IH A30TA HIEE
H]:|||'|'|:|'-|L"L'HHJ'II:I '_I.'FI-IIF.I'HH. KEHITII'IL‘T‘HI!M :.'IH:IHHE'!H'I CHHTAETCH TOT, [l.]JH
KOTOpPOM HEAOCTATOR A30Ta HAYHHAST BOCNOAHATLCA 34 CYET PE3epB-
HOTO 330Ta.

[Tpi Beefl ee CNOMHOCTH ONNCAKRHAR MOASAL HMCET PAA HeLOCTAT-
KOB: poeT o [|Jt:|m::||r|ﬁ:.'+ CHIRAWTeH JNHEAN0 cO CHHAEHHEM YPOBRHA
A30T4; H3 MOLEAH He caelyeT, Kakuum ob6pa3zoMm nepepacnpefensiercs
CYXAR Macca PACTEHHA MEMAY HAJICMHBMI OPraHaAMH H KOPHAMH NPH

H

HEAOCTATKE A30TA; HE YUHTHBAETCHA Pa3BHTHE KVALTVPLE; HE NpoBeleno
pacnpeleJeHie No OTACALHWM Opranasm B mostoMy norpefuocTi pa-
CTYLLHX THAHEN 0 OPraHod B a307Te¢ H YrABOLAX, MEHRIDUIAACH B Xoie
PAIBHTHA OPraHa OT HHHUHALHE 10 COIPCRAHNA, HE VYHTHBASTCA.
B sapuanre wmogenn, waspawmom COTCROP |[151], norpednocTs
B a30Te Onpeleasercd HCXOAA H3 noTpelHocTedl B VrAeBOAdX, KOTO-
paf, B CBOM ONEPEAL, PACCUHTHIBAETCA Ha OCHOBAHWH NOTCHIAILHON
noTpefHOCTH B AAaHHOM cyOcTpate. 310 CHHMAET UeHHOCThH MOJLETH.

B amnasuveckofl moaean tabGaka [228], paccuntanmnofl Ha yCAoBHA
AACKBATHOrD CHACMEHHA BOLOMN 0 SIeMCHTAMHA MHHEPAALHOTO [IETAHHT,
B NEPHOL BErETATHBHOTO POCTA PACCMATPHBACTCA TPH KOMOAPTMEHTA
AR KAMI0TD KAACCH OPraHoB: Ny pacTROPHMBX YIAeR0A0B, MOAOIHE
pacTyulne TKaHH B 3peaue PyHKUHOHApYIOMHe TEann. Juxanie pocTa,
ARXAHHE NOLIEPHAHNA H POTOARXAHHE BKAWYCHE B Kamanil 03 KoM-
naprMenton. PAaccMaTPHBAETCA TOABKO NOTOK SHEPTHH B PacTHTEALHON
CHCTeMe, AjanTusnme peakunn GH3noAorHYecKnX GVHKLHA OTACTLHEX
OpPraHos B OTBET HA H3IMENCHHH TeMNCPATYPH H OCBCHICHHOCTH HE
MOACAHPYIOTCH. JHEPreTHYCCKHM NOTOKOM, BXOARULIM B CHCTOMY, AB-
anetcs PAP. Cyxoe BeulecTso WHTEPNPETHPYETCH B MOAGTH B €50
SHCPreTHUECKHX  sKBHBadeHTax, CHOPOCTE  BRIOYEHHS  YIrOeBOAOB
B CTPYKTYPE KAMAOI0 OPrala OonBCHBacTes Kak GYHKUHA KOHUEHTpa-
UHH [0OBeMHOI) YrACROJOR B NYJ1E 3TOTO Opraa,

Monennposanue gm-m H pacnpenesieHid accHMHARTOR B pafoTax
Moanay ¢ corp. [3, 37] ocnopano Ha KOHUENWHN WAJNYHA B PACTEHHH
onga croloIHEX ACCHMHAATOB, COMNACHO KoTopof NPOAVETH HoTo-
CHHTE3A CHAYala NoCTYNawT B GOHA H JAHIEL 3ATEM HCNOABIVIOTCH HA
poct. Moaeanpyerca cosnanme o pacxofoBanne QoM ACCHMEASTOR
HAR3EMULX H NOA3CMHHX Oprafos npy soanoMm gednuure. Pesyab-
TATH HHCACHHWX SHCOCPHMCHTOR ¢ MOAGALIO NOIBOJINIH BHEABATL PAA
FAROHOMEPHOCTEN ALaNTAUNN PACTEHHA K HELOCTATKY BAarm.

[pn AunasiveckoM NOAXOAE K Pacnpeie’eiiio ACcHMUIRTOR pe-
MAKIYKD POTs HrpaeT MOIENHPOBAHHE BIAHMOCBASEN B cHCTeMe <]10-
Hop—akuentope. Mypeii [38] paspadoran moseas moctynaeuns npo-
AYKTOR (hoToCHNTEZa B MmeTaboanueckuii nya PoTOCHHTEIHP YOI
TEAHEH (ARWXATEABHO-POCTOROA NYJA) H OAHOBPeMEHHOrD OTTOKA N3
ITONO MyAa ACCHMHIATOR HA APOUECCH HX NPEBPalleHis B 3KCNOPTHHE
dopue ¢ VHACTHCM NPOAYKUHONHOTO AWXaHHA. ABTOP BMACAHA AWxa-
TEARHO-DOCTORON Ny ACCHMIIATOB, TPAHCNOPTHEI NyA 0 pesepBHL
nya. B yeromueniom sapuanTe Mole N BLLeACHH A XaTENbHO: POCTO-
BHIE MYAW XAODONAACTOR H WHTOMNIA3ME.

B pafiore [124] caenana nonura MOASAHPOBAHNS BAHAHNA 3K30-
FEHHK X PECYARATOPDORE pOCTa 1|:|||r]_-|'_|n_'|||,'j'r|,'[{r':|'|;'|-||}ﬁ " r[lﬁ-ﬁ-npl‘:.'l:lﬁnnﬁ KHE-
0T | DEH3NNAACHHNA) Ha TPAHCNOPT ACCHMUANTOR B JMNCTBAX Mie-
Huub. Henoaszosan meran PARACTEHHA HIVUAEMON CHCTEMH HA KOM-
napryMent. B oaHokoMnapTMentnofl mogean accHMmRATH Mpe1cTaR-
«IcHE TOALKO IKCMOPTHHM nynom, [lepnon Gucrporo (1—2u) Hauafs-
HGro I'._IIT'ID}I:II ACCHMHAATOR H3 3TOTG nyJaa onHcLBaeTcH oaHol sEcno-
Hentol, B asyxxoMnapTMentHof momenn yuntepaeres Tanme Gogee
seanennsii (10—144) 0TT0K yraepoaa B pesepmumit nya, [pouece
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ONHCHBARTCR ABYMA SHCMOHCHTSMH. agny-auba Onpeieaeniuy  pe-
FYALTATOR N0 BIHRIHIO HCHWMTAHKEX PETYAATOPOB POCTA HA PAICPYIKY
d.lﬂf.l':i?-ll'\-'l HE IO MEHRD, Onnako pﬂﬁUTH NpeieTasNReT HecOMHCHHLI
HHTCepEC B MNaHe MOOEAHPODAHHA PEryAdAlHE PacnpeieifeqHHd accHMi-
JATOE,

B paGote [103] npu MofeAHpOBAHHH PACHPEALICHHA ACCHMILTATOR
NPHEDANTCH KOHWENUAA O 3ABHCHMOCTH CKOPOCTH HCNOJL3OBAHNA ACCH-
MILTATOR OT pa3sMepon H AKTHEROCTH l‘l-'I'JHH-TIHTPEﬁIIT'I."':ISI H O S3BHCH=
MOCTH CEOPOCTH ABXAHHA OT CHHTETHUMECKHX NOTPEOHOCTEN 1 3aTparT
Ha nopaepxanne. Obulee ypapHeHe HMECT B

Ins=ua+ylnr —yt, {1.16)

Fie £ W r—cyxan macca noberos n KopHedl; [ — pO3pacT pacTenus;
2, F. — napaMerpl., HMeHe qlll-';lﬁﬂ'.ﬂﬂFEI'-IE'L‘HUE OOoCHOBAHE,

:"rl:'aﬂ“m”“: MOATREDAICHD MHOCHMH SECHEPHMEHTAALMBIMN [AAH-
HBIMH 0 NOCAHVHHTO OCHOBOH MOACAH A8 HHTEPNPETALHE BAHANHHA
TOPMOHOR Ha pacnpeleiedHe ACCHMIARTOR MexAy opradamm [104].

MoaesnpoBanie paspnTiR (HMEIOTCA B BHAY MEXaHHCTHYCCKNE MO-
AeAH) npeactaginer HanboAblINe TPYAMOCTH B CPARHEHHN C MOZEIH-
PUBSHHEM ADYTHE NPOLCCCORE, COOTRETCTREHHD npupoLe Npoletca paz-
BHTHA pazpalaTuBamTCR MOAETH ABYX THROB: NMeperuenEd paanH-
THA C BEFCTATHEBHOIO HA PENPOLYETHBHER O¥Th (Mepexon K HReTennm )
i opranorenesa. B caow ouepeab, npoliema WBETEHHA BHIGE, LVBCTHH-
TeALHMX K QOTONEPHOAY, PACCMATPHBACTCH B IBYX acnektax: 1) yvaas-
SBEHHe d?[i'TliJilll‘Elllﬂml'IWHE!E‘G CTHMY.TA H NEPERO] €ro B TPaHCmopTa-
GeavHuil curian; 2) PEORrafiIalHa MEPHCTEME Ha VIABAHBAHNE CH-
FHa 4.

MaTematuuecKie MogeAH UBETEHNHA pazpaboTanm raasieM olpa-
30M B pamMEax neppoii npobaemm [117]. Momno puaeants asa noa-
xona. [leppuii caAsuBacT nepexon anekca OT BEreTATHDHOTO K penpo-
AYKTHBHOMY POCTY € KPHTHYCCKHM VPOBHEM HEEOTOpPHX MeralonnTon,
HERANAHBEAOMIHNCH] B MEpPHCTEME. B cooTBeTCTHHE ¢ KHHETHKON Ha-
KOTIenHs MeTaloAnTos Hj'.IHTH‘IE!IZ'HHﬁ X YpoBenh. JOCTHTAETCA NpH
OApeIeIeHABIY  HHAVETHRHIEX YCIORHRAX. Tl.'rj'ILI-I:I NOAXOA COCTOHT
B DNMHCAHHM TWPE"IH'—IE-E‘HDﬂ OFOX FER EEEEC KO CHETEMB], OCYLIISCTRT R0~
uefi nepexaovenHe MeAAY BEreTATHEHOR W PenpoAyKTHEHON daszavu
[210, 213, 217]. B [114] na ocHosannan Haeh o GHOXHMHYECKOM nepe-
RAOYATETE I O POIH pAzxepoB anexkea B Nepexoac Ha penpoayeTiE-
HEH [YVTh NpeACTaRTIeda MOJAeab IEETenHs XPH2ZANTCME, Mogens
OIMHCEBASTCH HENPEPRBHEMHE H NPEPRBHBME MATCMATHYCCKHMH l|.'.|}'1lh:-
IRF SR I'Jp-;:uc::-:u, NpOHCXOOALLES B Npeaetax oJHoro MAACTOXPOHA,
HANPHMED, TAKHE, KAK POCT ANHKEAALHOMD KOHVCA, ONHCHBAKTCH B paM-
Kax QaHHOTO NAACTOXPORS HENpEePLBHLIMI II]]}'E[HII,II.’-IMLI:-

B moMent HHWIHAWHE HOBOTO NPpHMOPOINA NPORNCXOORAT NpEpHEBRRWEe
HAMEHEHHA, KOTOpLWEe ONHCWBAKTCH CONTRCTCTREHND NPEPHBHEIMH QYHK-
ELH A MR, ”]'.IE.IIICICL'I."IHII K MOLSTH OCHOBAHE HA TEODPHH NOOH, HaK
riaeHoro npuamaka dmasotakcnca, npueexennofi 8 [210, 212]. B oe-
HOBY STOH TEOPHH NOJ0MEHe NPeACTABACHHE O TOM, 4TO BHOBL ofpa-
3}'*'1:'““!“';-'” ttIJH?-“JF.'-I.Hﬁ RBAACTCH HOTOMHNROM IFJIF'Hﬁl:TﬂP-'l. MOTTHOCTREHY

L]

NOZABTHILETe BaibHefilyn nHHEnaudo npesopines. Toasko B cay-
yae, KOrld KOHUEHTPALNA HHIHOHTOPA CHIMKAETCRA 10 HEKOTOPOro Kpu-
THYECKOTD YPOBHH, MOMET ObTh HHWLHNPORAH HOBHA nprMopani. Pac-
cMatpupan npobaemy B asyx mamepennax, Topuan noxasan, uro KpH-
THYECKHN ypoBenb BHrHORTOPE OTMEYAETCH B AHCKPETHHWX NOIHIHAX
o OKPYAHOCTH aNHKAABHOTG KOHYCA, 4To ofecnedHBacT NpOCTpa-
CTBEHHYI0 HHPOPMAWHK O MECTe HHHUNALHN KaMA0r0 NOCAS1yI0mero
npuMopans, ¥ Takum obpazoem obecneunsaer ¢uadoTakene, B monean
UBETEHHA XPUSAHTEML NPHHATO, KPOME TOro, 9Te HHrRGHTOp MOMeT
NPOLYUHPOBATLCA KAK NPHMOPAHAMME, Tak H JAHCTERMH, ViaJAeHHHEMN
of BepEyiiky. Mojeas no3soaser pacciNTHBATL KONLENTPALHK WHIR-
GHTOpa, Maccy anukajiLHOrG KOHYCA H NPOAGTHMHTEILHOCTE MJIACTO-
xpond. [lo gocTHRenHH ONpelecHioro KPHTHUECKOrD pa3Mepa anekca
(KOTOPRT H3BECTeH), KOHYC HAPACTAHNA NEPEXOAHT B PenpoAVKTHEHOE
cocronnne. Cornacuo MOAENY HIMeHEHHE B cHabEeHHH ACCHMHAA-
TAMH MOTYT BJAHATE HA WHCAO BEreTaTHBHEX W PCOPOAYKTHBHHX NpH-
MOPAHES, HHHUHEPYEMBX KOHycOM. B KavwecTBeHHOM OTHOWEHHH MO-
Aedb COTAACYETCH © SKCTICPHMEHTANBHMMH 18 HHEIMI.

Kak s1o otmeuaerca » [117], raaewas TpyanocTs npn Mogeanpo-
BAHNH WBETEHHA COCTOMT B OTHICKAHHH HEKOR FPaHilBE MeEAY BErera-
THBHEM H PENPOAVKTHBHEM cocToRHHeM. B nanwoll mogpean takas
FPaHHILE ACCOUHHPYETCA ¢ KPHTHYCCKHM Pa3sMepoM KOHYCa HAPACTaHHA,
Oanako mogens we ofLACHAET, NOYEMY HIMENACTCH (HINONOIHYECKOR
COCTORHHE ANEKCH, HOMAA KOHYC AOCTHTAET KPHTHYCCKHX pasMepos.

B paGore Yapavaa-asapaca [118] npeanaraercs momens nmepe-
KAKMENHA PAIBHTHA ¢ BETeTATHBHOID Ha PENpoiYKTHEHWA NYTh, OCHO-
BAHHAA HAa FHOOTE3E O BIAHMOACACTBHH HEKOEro sHIOrenHoro serabo-
AHTA 0 BHEWHErO HHMAVKTOpA. YuHTWBAeTCH pasawime peakuds Ha
AAHHY AHS AANHHOANEBHX H KOPOTKOLNEBHEX BULOB,

B soaeaw, onmcaumodt v [213, 216, 217], ucnoasayerca Teoprs
KatacTpod, ¢ noMombio KoTOpoil o0neAnHsIOTe TPH HACH: NEpeKaK-
UEHHH, OHCTPOro (KaTacTponueckore) cMelleHHs H3 OJHOMO COCTOR-
HHA B APYrOe 0 POON Pa3MepoR dNEKca Kak JCTEPMHHAHTA €ro cocTofN-
Hitt. Mogean ceaanBaer Mexay coloil n3MepHMEe napaMeTpe co-
CTOHHNA aNeKca: pasMep anekca, pa3Mep NPHMOPARA H NAACTOXPOH
(M0A naacTOXpoHOM B AaHHOM cAYHAC NOHIMAETCR BpeMeHnol HHTep-
BE MEHLY MOMEHTAMH HHNUMALHN NPHMOPIAKER).

ﬁf»l'i:n.wnh ONBCHBACTCH ABYMA MEPEMEHHEMH, CBAIAHHLMH MeXay
cobodl,

g, (1.17)
Wa

"

y=a(W; —C.), (1.18)

rie We — cyxas macca anekca nepes HRMUNALNE]] npusopann; Wy —

LYAAE Macca NpUMOPAHA CPa3y me nocAe ero HMHOMawwn; C, — KoH-
CTalTa; @ — dakTop MacwTada.
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CHOPOCTE HIMEHEHHS X ONNCHBACTCH KaK PYHKUHA HAYZALHOTD MIHH-
MAABHOrO H MAKCHMAALHONO e¢ 3HAYCHHR, a y— KaK dyuxuna obued
OTHOCHTELHON CKOpPOCTH pocTa anekca R.. 3uauenne R, naxoantes
H3 COOTHOUIEHHA

R-a:-':ll-l-fl“”“fl (1.19)

Foge | = NPHCYLULIAR aNekCy YAeAbHad CEOpOCTh pocTa; fp — NJacTo-

XpOH.
Han ouenkn naactoxpona menoabsyerca Gopmyaa

I ix
IF—-WHI(] +T:]' '[I-EUI
rae kp-— KOHCTAHTA CKOPOCTH pacnajla HHrHGHTOpa; A — KOHCTAHTA
CKOPOCTH CHHTE3a HHrHOHTOpA; [.— YpoReHs HHrHOHTOpA, KPHTHue-
CKHA 208 HHHUHALNH IPHMOPIHA.

Mogeas ABIAETCH TEOPETHYECKON, XOTA KAaYeCTBCHHOC COTTACOBA-
HHE ¢ SKCOEPHMEHTANLHEME JAHHEMH QOCTHTHYTO.

Bropoe wanpasienne MoJAeNHpOBAHHA PAasBHTHA COCTOHT B MOJe-
AHPOBAHHH PasBHTHA OTIENLHLIX OPradHos, T. €. opraHoredesa. B oc-
HOBE TaKHX MOAeTed DakTHYECKH HAXOAHTCA KOHIENUHA PasBHTHA OT-
aeaphofi Kaetkd. [loka M3BecTHa JAHlL OJHA TEOPETHUECKAR MOLe]L
(Ha yposHe KaeTkn) nogoSHoro poja, Hanomennan B [213, 217]. Kua-
HEHHHI UHED oprana pasjedled Ha nats asz: HEHLHAUNA KIETOK, jJe-
JAeHHe, PACTAMCHHE, IpeocTh H crapedne. CAeAyeT cpasy oTMETHTD,
YTe cyOMOAenb CTapeHHs NaeTcd B KOHUenTyadsuoi dopsme, B [57]
STOT NPOUECe MOACAHPYETCH KOHKPETHO, B CBA3H ¢ pacnajom OeKos.

Has onwcanss ckopocTH O0PA30BAHHA MEPHCTEMATHYECKHX KJIETOK
B [213, 217] wenoabzoBado ypasHeHHe

dM Inih
T:TM(] _.W). :[-2']

rae M — uHcao Jensmmxcs KAETOK; ¥ — YAeALNas cKopocTs AeeHHA;

8 — BEPOATHOCTE MEPHCTEMATHUECKOTO COCTOAHHA KASTKM.
Onpeaeaenne dyakunn 0 (0=1) npeacraBAseT TPYAHOCTH M B 1aH-

HOR MOMEAH ©¢ BPEeMEHHofl Xoa 3a4aeTCA SMNHPHYECKH ¢ HCNOAbIOBA-

HHEM KOHCTAHTH AndupepenunpoBkn:
o P (1.22)

rae 0 — KoHCTaHTa CROpocTH AnddepeHunpoBkn.
Cropoctes obpazosanus anddepenunpopaiiny, NpekpaTHBIING Je-
JAeHHE KAeTOK ONHCHBASTCH VpaBHeHHeM

gy Ing .
&=~z M, .28)

rae N — uncao auddepenunposaniux KISTOK.
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PacTasennme HAeTOK MOACIHPYCTCH B LAGHE PacTHMeHus HKaeTod-
HEX CTEHOK. C}'HHH MACEAD CTEHOK "]:IH"HTE COC10RA e Ha HHTEP“HJ’[H
NEPEHYHKE KIETOYHREY CTEHOK I BTOPHUYHBYX HICTOUHRIX CTEHOK, Cko-
pOCTH CHHTE3da MATEPHANA NEPBHYMHEXY CTEHOKE ONHCHBAETCH VpaBHe-

HHEM
o I
T"' = k,sCE, (1.249)

rae Wy — cyxan macca NepEHYHMX CTeHOK, By — Koxpduupedr;, s —
NACIEAAL KJeTOWHHX cTeHok; C — ypoBeds yraeeofon; E — ypoBeib
HEEOTOPHIX FHIHMOB.

AHAJNOTHYNO ONHCHWBAETCA CKOPOCTHE CHHTE3d BTOPHYMHEX CTEHOK.

Heansn ne OTMETHTS, MTO QAKTHYECKH MOAEAHPYIOTCA AHCKPETHHE
pazel pocTa, T. €. POCT, A4 MEXAHHIMH, Neperawuawye 37H daiu,
T. €. MEXAHHIME, BLILBAKILUKE NPpEeKpalleHie NeleHHd HAH pacTAme-
HitH, #e AcHbl B eymnocT, npi MoAe HpoOBaAHKN PASBHTHA KJIETKH HJH
Oprada BCTaeT Ta ke npobiaeMa, 4TO NPH MOJEITHPOBAHHH NEpexoia
PAcTeHNA B3 BErCTATHBHOTO B PenpoAYKTHEHOS COCTOAHHE,— npo-
Gaema MOLeAHPOBAHHA MEXanu3Ma NeperIoNeHHd W3 OJHOro COCTOR-
HHi B Apyroe. 1ak Kak GHOAOMHA NPOUEeCccoR NepekiwHeHis He BHAC-
HeHa, TO N MOASIHPOBAHHE 3ITHX NpOULECccoB (HA MeXaHHCTHYECKOM
OCHOBE) NpeacTaBineT Goabliie TPYIHOCTH.

H. A. Kau n E. E. Kan [20] npeanosman mMETALHONHYIO MOLEAL
pocTa pUTOMepa Kak 3JeMeHTa MophoOrHYecKofi CTPYKTYpW pacte-
HHA 33aKa, POPMAAHIYIOTCH OCHOBHBLIE 3AKOHOMEPHOCTH POCTa (PHTO-
MEPA, NPHBOAATCA YpaBHEHHA 108 ONHCAHHA POCTA KJIETOK 33 CHET
ACNCHHA R pacTAMeHHA. Mojeds NO3BONRET PACCYHTATH AANHY dueTo-
Mepa Kak cyMMy ABYX KOMIOHEHTOB: IJIMHH dacTH ¢uToMepa, obpaso-
BAHHOH PACTYULHMHE # SPEALIMH KACTKAMM, # ANMHW YIaCTEAa MEpHCTE-
MATHYSCKOR THAHM,

M cuHTaeM BOZMOMHBLIM BHASINTL ELE OAHO HANpABICHAE B MO-
ACTHPOBAHNE PA3IBHTHA. IJTO COIJAHHE NOJYIMOHPHYECKHX Moaeacd,
OCHOBAHHMX HA ONHCAHHA CBA3CR MeMAY OTALILHHEMH XapaKTEepHCTH-
KaMil Npouecca pazpuTia (BpeMs NOABJTEHHA Oprada, LAHTEILHOCTL
POCTa, KOAHYECTSBO OPraHoB) H BHEWHHMH (YCAOBHA cpeam) H BHY-
TPCHHHMH  (YPOBCHL SCCHMWAATOB) nepeMeHHuMu, Takne wopenn
Hanbodee nepenekTiENE B Kavectee cybmonenell npuw HMHTALNH Mmpo-
AVRUHGHHOMD Npolecca pacTenil, paccuntannoll Ha pewenne npakTH-
YeCcKHX 3a/ay.

nEpﬂHEg{]ﬂﬁﬂTH B paMEaN STOM NOAXOLAE ORAH BEOOTHEHR ._l']a]i_'l_'[.
cheprom [160]. CroOpocTh KYMIEHHA AYMEHA OUCHHBAGTCH Ha OCHOBA-
HHH AOTEHUHAABHOH CHOPOCTH KYLLEHHH npH onTHMANLBHBE YCAOBHAX
KaK PYHMELWSA TeMAepaTVpe H cHAGWEHHH 330TOM N yraesogamn. To-
MOGHEM He o0pa3oM ONHCHRAETCA BIAHAHHE yoaoBui cpelM Ha UBeTe-
Hie paﬁrpaca H r.m;:q}nrmma nouer sbaoun. OnucatTeasHas MOLE b
nobercobpasonaind o HAKONJEHNA cyXofli Maccw Tpag (MoAeab
T[LDY?’-:] npeacTapleHa n ||-2G] I'lpI!HHTD, 4T I.Fﬁ]lil:iﬂHH-HHE‘ HOBLIX
noberos 3aRHCHT OT cHabMennn ACCHMIJIATAMH, AOCTYNHLMHE 038 BEre-
TATHBHOrG POCTA, H HAMMHACTCA TodnKo TOrQa, KOAa YAOBJIETRO-
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pefa noTpefHOCTL B ACCHMHAATAX AR POCTA VIKEe HMEwIINXCA nobe-
rog., QakTHYECKH TaKHM nyTem (GopMainioBaHa NPeAnockIka O KoH-
T!]I:}I.']-E IIQHEE(]ﬁP‘HHEJnﬂHHH noderon '-.I'L"Pf.'? MEXAHHIM anHEansuoro a0-
MUHHPORAHHA,

OTHOCHTEALHO NMPOCTas MoAeab GopMEPOBAHNA KOJMOCA MUIeHHIL
paspaGotana Ban Keyaenom [156]. Cam asrop cuntaer moneas npes-
papuTeabiod. HHeao KoAoCLes Ha pacTeHH, YHCAO KOAOCKOB B KOJOCe
H 3CpeH B EOJ0CKE ONMHUCHBACTCA Kak QyHKIHA CHabmMeHHA VIJeRo-
namy. Bansune a3oTHOro NUTAHHA Ha PA3BHTHE KOAOCA HE PACCMAT-
PHBAETCH.

MaTeMaTHUYCCKIE MOJEIH poCTa pacTeHnfi, KAK H MOLeAH APYTHX
NPOIECCOs, MOMHO PA3ISARTL HA TPH KIacca: MeXaHHCTHYeCKHe, moay-
MexaHucTHucckne u sMnnpuveckne, [Moapobuas XapakTepucTHEa sMnu-
PHYCCKHX Mojeaell pocta pacteHufl npusoadTes, nanpumep, s [128,
143], 1 Mu ne Gyaem ocTaHaBAHBATLCH Ha uXomucanun. K mexanncrn-
YECKHM MOREAAM POCTa LENOro PacTeHHA MB OTHOCHM MOLSTH, B KOTO-
PHX CYXaf Macca pPacTeHHA ONpeaedseTcA no pasznHue mexay dorto-
CHHTE30M H ALXAHHEM, pacnpeleeHHe acCHMHAATOR OCHOBAHO HA
yHere noTpeGHOCTH B WHX PACTYUIHX OPraHoB, a NpH MOJeAHPOBAHIH
paseuTHA (T. €. BPEMeNH HHHUHALKY, HAY413 BHAHMOrO pocTa U OT-
MHpaHHA OPraHa, a TAaKMe BPEMEHN NEPeXola PACTEHHA B PENpoay-
THERYIO (pasy) oNHCHBAOTCA NEPERANYANUINEG MEXAHHIME, AEACTEHE
EOTOPHX ONPeleserTci FeHOTHNOM PACTEHHA H yoaosnamp cpeaw. Do
HACTOAUEro BPEMEHH TAaKHX Mojenefl, ONHCHBAOUIKX POCT UEAOFO
pacTenus B NEPHOA OT NOCeRa 10 YOOPKM, T. €. AAHHHONEpPHOAHHX
Mofgenefi MeXaHWCTHYCCKOro THna, He paspabotanc. [lpusmennrtensuo
K OTAEALHOMY OPTaHy (AHCTY) MEXaHHCTHYECKAN MOLeNs pocTa npet-
Aoxena Yapavaom-Sasapacosm [113]. Faasnas npeanocwika Mogens
COCTONT B TOM, YTO CHKOPOCTH CHHTE3a CTPYKTYP KAECTOUHOR CTeHKH
(anTop HA3WBAET ITH CTPYKTYPH HEAErpaiupylouwusMil) Saimetcs
QYHKIHeRA cKOPOCTH NOrAolleHHs BoaW. Buaeneno aAsa nyaa soad
B JHCTE: |) TKAHEBAW BOAA, «OTHBETCTBEHHAN® 33 PACTAMEHHE KICTKH
H eobecnieunsaritan> Mertafoanveckni ofnem ancta u 2) Tpancnupa-
LHOHHAA, MeTabONHYCCKN HHEpTHaR Bofa. B mogean peus nier o Tea-
Hepofi one. [Ipunato, To B cyXol Macce AHCTa HMeoTeR: Aa0HAbHLI
A30T (HHTPaTW H AMHHOKHCJAOTH), JAaGHALHEE VEIeBOAW (reKcodw,
CAXaposa M T A.), JerpaaHpyIide CTPYKTYpH (Geakn, Kpaxmad, He-
KOTOpHE LUeTAKA03N), HeIerpajHpylllie CTPYKTYPH (MaTepraa
KAeTouHHX cTeHok). JIaGunbpHui a30T HMNOPTHPYETCA B JHCT ¢ NOTO-
KOM TKaHeROH BOAW W Hapaly ¢ JabHALHEIMH YrAEROLAMH MEpeHo-
CHTCH B JApyrHe oprans pacremss. Jlabuabnwe yraesoaw ofpa-
3VIOTCH B npouecce oTOCHHTE3a M CAY®ar cybeTpaToM A CHHTesa
CTPYKTYP.

CHOPOCTL HIMEHEHHA KOJHYECTBA JNaGHARHEX YIAEBROAOB onpene-
AfeTcR paznHued Mexay HX olpajopaHHeM NpH (oOTOCHHTE3E H pac-
naje Nerpajupylollnx CTPYKTYP H PACXOJOBAHHEM HA MEpeHoC 0 CHH-
Te3 cTpyKTYp. Koanwectso naGHALHOrO 430Ta papHO PA3HHIE MeHAY
ero NOCTYMACHHEM ¢ TOKOM TEaHesoil Boaw W ofpasoBadHeM npH pac-
naje JAerpajHpYiOLIHX CTPYKTYP H' PacXOfoBaHHEM Ha mNepeHoc
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H CHHTE3 CTPYKTYP. ]-EFI‘“HF”U, HTO CHROPOCTL NOrAGIEEHHA BOAR IaBH-
CHT OT OCMOTHYECKOro mnoTeHunaaa Jancra. Cwnamu, NPENATCTBY M-
MEAMH NOCAOUICHHD BOJARE, ABJHKNTCH ZMACTHUYSCKIE 1 HemdacTHYSCKHE
CHAE B TRAHAX AHCTA, KOTOPBE BOIPACTAKT ¢ YBOANUCHHEM pasMepoB
JIHETA. "pEHPﬂLLI,E‘HII[‘ nOrAGUIEHNA BOAL H POCTA JHCTA NPOHCXOANT Mo
MAOGLETH TORLE, KOFda 3TH CHKM YPpagHHBAKMTCH © OCMOTHYECKNM NOTEH-
LHAJOM JHCTA,
CHUPDCTE NOrAGHIEHEN RO GNHCKRBACTCH YPABHEHWAMH

dMy {U.'rM: — Ye(Ms)" npu ByMc > Yg (Ms)", (1.25)

i 0 npu By M < ¥V (Ms)",

rae My — macca TRanenod soaW; Mg — KoaH4ecTBO JabHABHLIX yrae-
pofoB; Msz— Macca weperpaampywomnx cTpyeTyp; Oy, ¥e. n— xon-
CTAHTH.

HYaen Ye(Mg)™ onucupaer npoTHBOACHACTBHE KASTOUHOR CTEHKH
NOrAoUenHo podn. Mojeas napaMerpHsoBada A8 JAHCTHEB TOMAaTa
H Orypuos o O0DeCHeHHBAET KAYECTREHHOE OMHCAHHE POCTA JHCTHEB.

K upcay mogenefl MeXanncTHUeCKONO THIA MOMXHO, HA HAll B3rAAL,
OTHECTH HHTEPECHYID TEOPCTHHECKYIO MOACAL pPOcTa KOpHEed, HAaJdoMen-
Hyw 8 [132]. [lpn Mopeanponanun pocta Kopueil riasHas TPYAHOCTE
B (QOPMYJHPOBKE TEOPETHYECKHX NPelNocHIOK COCTHT B HACHTH( M-
KAalHH MEXaHH3IMa, KOHTPOIHpYlomero poct kopua. OcHosnas npea-
NochlAKa, Henoasaosanwan B [132], raacur, uro pactenwe pacnpene-
JAET B KOPHEBLE CHCTCML He GOJLILE ACCHMHANTOR, “eM 3T0 HeolXxo-
AuMo aas odecnedends NOTMOWEHHA AJCKBATHOMD KOAHYECTBA BOAL
H MHHEPAALHEX eMmenTos. CuHTalOT, 4TO POCT KOpHefl KoMTpOJH-
PYCTCA FeHETHUECKH M YCAOBHAMH BHEWHER Cpein.

Kak oann 13 raasiex akTopos, BARAKILE Ha PoCcT Kopueil, pac-
cMatpuBaiot poay. llpumsto, wto npn panHoMm ofbeMme accHMBIATOR,
KOTOpHA MomeT OHTL Npeppalicl B Matepuan KopHed, dopmupyerca
CTPVKETYpa KopHed, ol0ecnedHBamwilas MHHHMHR3IAUNK CONPOTHBAEHHN
NOCTYOACHHID BOAB B KOPeHb H NEPCABHMCHHID €€ N0 KOPHIO B OTBET
Ha awfoe najeHie NOTCHUHANA MedLy OCHOBAHHEM KOPHA H MOYBORA,
T. €. NOTAOMIEHNE BOAK HA ENHHHLY NajeHHs NOTeHUHaAa OYAeT ONTH-
MaTLHBIM,

Ofmee conpoTHBIEHHE NOTOKY BOAH Ry ONHCAHO BHpaMeHHEM

Ry

anal.”

R, = r (1.26)
rie Ry — paanaibHoe CONpPOTHBACHHE KOopHeli Ha CAHHHUY NOBEpX-
HOCTH, @ — paauyc Kopua; L° — sddexTusnan aAnHa KopHH,

XOTH B MOAEAH PACCMATPHBAIOTCH YCJAODBHA, Koria cHaGimenne
BOOH He AHMHTHPOBAHO, 0 B LeN0M MOIeAb TEOPETHYECKad, ONa npea-
CTABIHET HECOMHEHHEIN HHTEPEC, TAK Kak ZanAuil NOAX0] MOMET OHTL
NEPCHEKTHBHEM npH  paspaboTke AAHHHONEPHOAMHX JHHAMHYECKHX
MOeel pocta pacTenmil.
1_[“-13-'-‘-“."."'--'!-1!!II:'TFr'rE'w.'HIIE MOJEAN POCTA LCAOID PACTEHHA MOMHO pa3-
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deants Ha Tpu rpynne. B smopensx neppofl rpynnm ammaMuka cvxof
GHOMACCH PACCUNTHBARTCH M0 pazHiile Meway QOTOCHHTEIOM i AEXa-
HHEM, a pacnpeAcfieHHe ACCHMHANTOE H PA3IBHTHE ONHCHBAETCA HAa
sunupuieckol ocnope. [Noapobnui 0630p TaKNX MOIEAel NPHROANTCH
B [57]. Muorne mongenn 1aHHON TPYNNW HENOALIYIOTES AAA peuIeHid
NPAKTHYCCKHX 3aaa4.

B noaymexaHHCTHUECKHX MOAGARX BTOPOH rpynnu CKOPOCTh HiMe-
HEHHA CyXOA MAcCH PacTeHHA ONHCHLBACTCH KAKHM-AnG0 sSMnupuue-
CKHM YpaBHeuues (THNa SKCNOHEHTHW, ypasiednn Fomneprua n 1. a.),
HO NApaMerpaM sTOr0 YpaeHeHHH NPHAACTCH (PHINOJOrHYECKHA CMBICT
H OHH HAXOJAATCH HA MEXaHHCTHYECKOH ocHOoBe. K TAKHM Mogeassm oT-
HOCATCH MOoJleaH, paidpaGatusacsmuie Topuam ¢ corp. [205, 211, 213]
HanGodee 0anaka K NpakTHYECKOMY HCAOJBLIOBAHHIO MOAENL poCTa
canata [205]. CpapHenHe SKCNEPHMEHTAALHEX JaHHWX 0o cyXoil
Macce H NPeACKA3aHHEX MOAEALI0 PeayJbTaToOR NOKA3aA0 BIOAHE VI0-
BAETBOPHTEALHOC HX coBnajenne, B TakoM #e KAwde PelliawTed Mo-
peam (115, 221). Metogoaornueckne acnekTH 3TOr0 NOAXOAA HAJ0-
Henw B [116, 213].

Tpersio rpynny noayMexamucTHYecKHX Mogenell pocTa coCTananior
MOIEAH, B KOTOPHX CKOPOCTE POCTa OUEHHBACTCH NO PazHile POTOCHH-
Te3a # AHXAHHA, 4 pAcnpeleNcHie acCHMIIATOR NPOROAHTCA Ha JnHa-
Mugeckofl ocnore [123, 130, 151, 155, 228]. Ocofo cnenyer BuiedHTb
B atofi rpynne moaent PAPRAN, paspaGoramnyio Ban Kevaenom
[155], » KoTOpONl paccMaTPHBAETCA BAHAHME BJAAMHOCTH NOYBE H
YPOBHA A30Ta HA pPOCT OAHOJIETHHX KYJALTYp H nNacrOHMAOR pacTH-
TeawhocTH. B paGote [155] npHBOAHTCHS NOTOKOBAas AMArpaMsa Mo-
HeiH H Ppe3avibTaATH PACHETOB MO MOASAH B CPABHCHHH C 3KCHEPHMEH-
TAAbHEIMHE A3HHEMH, NOAYMEHHHMH 148 PACTEHHA B NOAYApPHAHLIX
YCAOBHAX. AHAAHTHYECKAR CTPVKTYPA MOAEAH HE NPHBOAMTCH.

1.4. GHOCHHTES CTPYKTYP B 3ANACAKUIHK
opraax

Hecmorpa na Goapliyin BaMHOCTE NPOLECCOR, NPOTEKAKILNE B 33-
MACAMILHX OPraHax B NePHOA OTIOMEHHA 3aMacos H onpeacan oy,
HAPALY € NPelllecTBYHMUNM COCTOAHNEM PACTeHHA, BENHYHHY H Ka-
HECTBO YPOMAH, pazpaloTku B 00A3aCTH MOJACIHPOBAHHA ITHX NpoLec-
COB BECHMA HEMHOrOYHCACHHE,

Topaan [215] npegnosena TeopeTHHECKAR MeXAHHCTHYECKRA MO-
Aehb POCTa 3€pHa NWeHHUH OT WBETeHHA 10 cospeBanna. B soaeaw
ONHCHBAGTCA HAKOMAGHHE CYXOM0 BEULECTBA 3EPHE B 3ABHCHMOCTH OT
KOHUSHTPaUHH YriaepoaHoro cyOcrpara, oGpasyollerccs npn doto-
CHHTEIE,

CHCTeMa XapakTepH3yeTcs ABYMS MepeMeHHHMH COCTOAHMA: cyXoil
MACCOH FepHa M CyX0oH Maccol peacpeHOro Yraepoasoro nyaa, U3 ko-
TOPOro HEpnaeTcAd MAaTepHan QAd CHHTE3a CYXHX BeIlecTB 3epHa.

CHOpOCTE N3MeHeHHA cyXofl Maccw Pe3sepBHONO NyJa ONHCWBAETCH
VpaBHeHEes
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—d:;’ = Pgexp(—Dpt) — (1/¥e) (dWg/dt), {1.27)
rae W,—cyxas macca pesepeos (B pacuete HAa cTebenn); Pp— HH-
TEHCHBHOCTE WCTHHHOrO (GoOTOCHHTESA Ha MOMEHT HaYadla UBETEHHA,
f}p — napamerp crapenna a8 GoTocHHTEesa; Yo — shdekTHBHOCTE
[lPE‘HP‘ﬂIILIl‘HiIH -E].-'ﬁL'Tlil]lTE B li.'j.'i'ﬂ][‘ BLEMIECTHO .'-tl:]'.IHﬂ‘, u:'rf_; = I:'}'.'E.BI-! MacCa
aepHa (B pacyere Ha credein).

CKOpPOCTE HAMEHEHHS Cyxofi MaccwW 3EpHA ONHCAHA YPARHCHHEM

Mnxasauca—Menten

dlF 5
=G R (1.28)

rie fmax — MAKCHMANBHAR CKOPOCTE POCTA 3€pHA; S — KOHUEHTpa-
uus cyberpata; K — KoncTanta Muxasanca—»Mented.
Juadenus S u Wy cBA3AHH COOTHOWIEH HEM

W,=V§, (1.29)

rae V' — ofmem BMecTHAWMA pe3cperEX CYOCTPATOB, NPHHATHA no-
CTOAHHLIM.

Boaslioe BHHMaHHE B MOJeNH YISAEHO oOuenke napaserpa K
B CBRIN C PIAHMOACHCTBHEM B CHCTEME €HCTOMHHE—CTOK». B cooteer-
CTBHH C STHM HCNWTAHO NOBEICHHE MOASAH NPH pasHux sHavennax K.

Vpasnenne Muxasanca—MenTen A0 OUCHKH HAKONJEHHS CYXOTO
BELLECTRA 3EPHA HENOABIOBAHO TAKMKE B MOACAH NPOAYKTHEHOCTH, pas-
pabdorannof B [57].

BecoMa mepcnekTHEHLM SBARETCH NOAXOA, npeanoxennwi s [45],
rae npobaeMa NOCTYNACHHA IAACTHYSCKHX BCLUICCTE B 3¢PHO H OTJAO-
MEHHE HX B 3anac paccMOTPEeHA ¢ HCNOAb3OBAHHEM TEOPETHUECKOR MO-
Aean wexoolpazonannd Ha abeTpakTHoM poHKe. B sToil paborte, Hak
w8 motean Topuan [215], pewaercn npoGacMa szanMoaeficTRHA B CH-
CTeMe <HCTOWHHK—CTOK®, Oodee cAoXHAA 108 Npouecca OTJ0MEHHHA
BEUIECTRE B 3RANAC, WM [AA NPOUecca CHHTe3a MeTalonnvecHH aKTHR-
HHX CTPYKTYp Beretupywowmere pacteHns. [To-smaamomy, Ha JaHHOM
3TANE Pa3BHTHA paloT No MOLCTHPOBAHHIO NPOAYKTHEHOCTH KOJHYe-
CTBEHHOC ONHCAHHEe CHCTEeMH <HCTOMHHE=—CTOK® SBJRETCH OJHHM H3
Haulogee aKTVANLHEX MOMEHTOR.

Bonpocs MopeanpoBanus IWHAMHKH XEMHYECKOTO COCTABA CYXODO
BElIECTEA B MPOMECCE OTAOMEHHA B 3a0ac (a HMEHHO 3TO OnNpefenser
B KOHEWHOM HTOrME Ka“ecTBO XO3AACTReHHO UEHHONA YACTH YPOKan Kylb-
TYpH) pazpabatmsaincs Toasko B [80, 161, 225 226). B reopernve-
CKOM  Modenn, ONHCWBAIOWEH HAKOMJEHHE pPEIepBHOTO KpaxMana
B aepre mwennus [161], wenoassosano noHsTHE NYA0B W KOMNAapT-
MenToB, MOASNHpPYEMan CHCTeMa pasnenefa Ha [ipa KOMOAPTMENTa:
I} taarosufi aser # 2) kKoaoc. Caxaposa ma l-ro KoMuaprMmenTta
TPaucnoprTupyerca B0 2-i KOMNAPTMEHT COrAACHO TPAIHENTY KOHILCH-
TPAUHY W OTTYAA — B NYA peaepsHoro Kpaxmaia, CROPOCTh HIMEHEHNHA
KOMHYeCTBA CAXAPOIW B JAHCTE ONPEIeSAETcA N0 PasHiLe Meway ee
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PEPSET RSN ) N T

NPHTORGM B KOMIEEDTMENT (33 BRYSTOM TEMIORODD J'IHJT.-EHIIH} 0 OTTO=
BOM B REOJOC, # B KOMOOC — [0 PAIHHEUE MEHLY NPHTOEOM H OTTOKOM
B OyA peacpBrOro QRXAHNH, CHGFDCTH razoofMeHa JHCTE H EOJDCa
QUEHEHK Mo SKCMePpHMEHTANLHEM @ JaHHLIM, "puﬂe;l,ﬂlu HEROTONEE
UHCTEHHME IBCNERPHMEHTHE © MOLET R,

Boc [225, 226] paspafota’ MOgedb pocTa 3epHa NUCHHUW B ne-
pPHOIL HAJITHBEA, Onucanm E'TD}'HT}'PH MOASAH, PeIVILTATH NPOREpEH
MOJeAH o HEKOTOpPWE ACNeKTH ee npuseHenns. B sogean paccmor-
PEHBE HNCTHHHB {I]ﬂ-TI]E‘IIIiTE&, JEXAHHE, HAKOILAEHHE :,'I‘ﬂﬂnnjum. i frl'_"::l-
KR H IEFHE.!, MECAOGIEHRe | IIEPEPEIIIIIP’L"_.’J.I'.‘.HEHFI:E" [Ilﬁ BEFCTATHEHLIX
DPI'II'H'DI-!] d30TH M l."fil]:I'E'IIIIE JHCTHEE B SABHCHMOCTH OT COCTOAHNA
KYALTVDPE B MOMEHT UBETEHHA H BHEWHNX YCAOBHA (OCBCHICHHOCTS,
TeMnepatypa) B nepuof naamsa. HelocTaTKoM Mozenn, Kak oTMedacT
CaM ABRTOR, HARJAACTCH OTCYTCTEHE 0S10Ka Ellli]IIDTFIEIHEIH!FHIllliL BCOEA-
CTEHE YEro HeNLIA OUCHHETE BAHAHHe BIaroolecnedednocTHd Ha pocT
AepPHA. TEM He MeHee QOCTHCHYTO BIoJdHe YIOBAeTROPHTENEHOE COoBRna-
ACHHE PACYETHRX H IKCNEPHMEHTAALHEY QAHHEX.

E paMEAX MOACAH f-I:'ﬂ]'.IH'HpDH-EH“FI KAYECTRA YPOHEIAA ONHCHRIALTCH
AHHAMHEAS XHMHYECKOID COCTaBa JCpHA B NEPROT HAaAHPRA [-Hﬂl

1.5. NMpofaemsl # nepecneKTHBLN pasenTHE pador
no MOAEAHPOBAHWID PHIHOMOrO-GHOXHMHHECKHX NPONECCOR
B CBAZH ¢ AOCTHMEHHAMH B 370l ofaactu

B paspabotke monenedi dortocHHTesa (Ma yposHe, paccMaTpuBae-
MOM HAMH) 338 NOCAeIHHE MOAR CASTAHO OTHOCATEALHO Hemuoro. Chie-
AYET CKA3aTh O MOASIHPOBAHHM IHAOTEHHON peryiasunn GoTocunTesa
HIOBWTHOM accHMHAATOR [3] H HOBOM NOAXOAE K VYETY BAHAHHA BHEL-
HHX ycnosnfi Ha nHTeHcHsHocTe dotochnteaa [T73]. [lNMpeanomennan
B [3] drynkuna BanaHAs H3GHTEA ACCHMHAATOB Ha (OTOCHHTES BECBMA
NEPCIEKTHEHA AR NCNOALIOBAHNA B AHHAMHNECKHX MOLeaAX, npei-
NoAarawuy paziedcHne cyxofl GHOMAcCH Ha CTPYRTYPY H 3anachl,
MpH ONHCAHHH AAANTAUHH PacTelHA K MeHSUNMCA YCAOBHSM BHEL-
HeH cpeikl.

Cenn u Toomunr [73] noaarawT, uTo WHPOKe pacnpocTpanenibil
CHoCcoh yueTa METEOPOAOTHUCCKNX (akTOpoB Ha NPOAYKUHOHHWA npo-
Hece B BHAE NPON3IBCACHHA GYHKUNA BAHANNA HC ONPABAAH, TAK Kak
BEAET K YBEJHUSHHI cyMMapHoro soafeficteus dawtopon. [pn yvuere
JHMHTHPYILHY PAKTOPOR ARTOPW HCXOAHAN M3 sakoHa Jlubnxa, no
KOTOPOMY YPOouai orpaHnyusaercas QakTopoM, Hanbojee OTINYal0-
HIAMCH OF ONTHMANLHOTG COCTORHEHH. K -I'IIII":_.:I_L!.'IHUMI:]M:.' nex T-H.]iﬂ}l}r
NPHHOHNY KOSMPHIHENTY BROLNIN KOPPHIHPYIOUYI NONPABKY, YUNTH-
BAWWLYIO, 4TO NPH OAHOBPEMEHHOM BO3IACHCTRHN BRCOKON TeMNepaTypu
H 3ACYXH HANW HHIKOA TEMOEpATVPH W HAOLITEA BOAL BJAHAHHE JHMH-
THPYIOWNX GaKTOPOBR HA NPOAVKTHRHOCTH PacTeHnil VeHAHBaeTCH,
a NpH BHCOKOR TeMnepaType u  HaluTKe ROAW HWAH NpPH HA3IKOA Tem-
nepatype o aacyxe — ocaabanercd. Takofl NoIxXon K OUeHKe BAHAHNA
BHEWIHHX YCAOBHA ARAAeTCH OOJee KOPPeRTHHM, HeM HCOOILIOBAHNE
NpoH3BeacHds GYHKUNA BARAHHE, W NPH  MOAETHPOBAHHH JAPYIHX
(PHANOAOTO-GHOXHMHNECKHX 11POLECCOR.
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BecsMma CVUIGCTBCNHE JOCTHAKEHNA B O0AACTH MOREIHPOBAHNE Npo-
Hecca Auxannd. B ocofeHHOCTH 3TO KacAeTcA AadbHefiero passnTia
Guoxnmuueckoro noaxopa [Mewnnura ae $puza [179], nospoasomero
VHECTh SHEpreTHYeckHe 3aTpaThl Ha CHATE3 CTPYKTYP PasaH4yeoro
XHMHYECKOTO COCTaRd, MTO nMeeT GONLIIOe IHAUCHIE, B YACTHOCTH, JAH
Mogeael, oueHuBalOWHX XuMuteckull coctas pactennid, Tlpeacras-
JAET HHTEPEC MOASAHPOBANNE AWXAHEA NOAACPHAHHA B CBA3N ¢ CO-
nepaannes Geakon [102] @ yuer 3aTpaTt Ha NORAGUIEHHE HHTPATOR
[148]. J7oT noaAxXoA OTKPHBEET NYTH MOASAHPOBAHHA BAHAHNA YPOBHA
cHalieHns A30ToM Ha AbXadie i Tpeldyer danbwHefAWero pasBHTHA.

Hurencnsio # pasfocTopoHie MOASNHPYIOTCH B NOCACINRHE oL
npoueccll MEHEPAdLHOrO NHTAHHA, NPHYEM MOICAH UMEIOT CcaMmbie
paznoolpasisie cTpyRTYpw. B oaumx Moaensx Aenaetcd aKUEHT HA
OHONOrHUYeCKHE NPEeBPAUCHNA MUHEPANBHEIX 3ACMEHTOR (B OCcoOeHHO-
CTH, A430Ta) B NOMBAX H FOPA3L0 MeHbIUE BHHMAHHA yAeAReTCH OnHca-
HH NEpPeHoca JeMeHTOR B No4Be ¢ [OTOKOM BOAL; B JAPYTHX, Ha-
NPOTHE, XOPOWO PasBHT OJ0K TPAHCAOPTA BOAW H MHHEPAABHEIX 3Je-
MCTOB M, HAKOHCW, B MOACIAX VPOBHA <NOYBA—PACTEHHe® TAaBHOE
BRHEMAHKHE VSARETCH Noraculedno asora W pocty. Hanboaee npreM-
AeMai 408 MoAeaell NpoAYKUHOHEOrD npouecca cTenelh cHalaHcHpo-
BAHHOCTH MEXAY PasIHUHEMH COCTABRJRIOMHMHE NPOUECCOB MHHEpadbL-
HOTO NHTAHHA ROCTHIHYTA, HA HAW BACAAJ, B MOAENHAX POCTa OBOLIHEX
kyastyp [101, 135].

B nanGoapiwed crenenn Tpedyior naisHefwnx paspaloTok caeayio-
uiHe TpH MoOMeHTa: 1) peryiasums npouecca NOTAOLIEHHA MHHEPaIb-
HEX MEeMeHTOB; 2) cyvasda MHHEPANLHEX AEMCHTOR B PACcTeHHN;
3) BKAwMeHHe cyOMOoaeacii npoueccoB MHHEPANLHOTO NHTAHHA B MO-
AeAH NPoAYKULHOHHOTO NPOWecca.

B compeMeHHBIX MOAeAAX PEryAHPYIOLIAA Ppoib PacTeHHs VHTH-
BRAETCA Hepes KOHUCHTPALHI WIeMEHTA B pacTeHdn o (HAH) KoHUEH-
TPalWHK B NOYBE, 3 TAKMKE 4Epes MAKCHMAILHO BOIMOGKHYW) CHOPOCTh
noraowennn. B Mogesax oBOUHEX KVALTYP podb PEryJATOpOBE BLINOA-
HABT CHOPOCTH POCTa H MAKCHMANLHO BOIMOMHOE cOfepHaHHe sae-
MEHTa B pacTelHH.

[Npespamienns MHHCPANLHEX 3JEMEHTOB B pacTeHuH — Hanbonee
l;'."lﬁ'ﬁl'.he JBCHO B Ml!)_u'li..'.'[ﬂfll[hﬁfl![“ll Nnponecca MJ!HE]]E.‘H-HDT{:' MMHTaMHE.
Kpose komuentvansHof moaean Mnpxafaosa [34] n pecLMa TeopeTH-
qeckoil Moaenn bBen-Llnonn [I108] MoHO HAIBATL JHIIE MOIE0b
Fpaneyaa n Bapueca [137], s kotopoft onncana ceass Geaka ¢ Geaazo-
THCTHMHE KOMIOMEHTAMY, CYVIUECTREHHBIM HEJOCTATHOM KOTOPOR SEB-
JARETCA TO, MTO OHA PACCUHTAHA Ha AJcKBaTHOE cHalmeHHe BOAOR
N MHHePAALHEMHE SeMEHTAMH.

Ha vpoene mogeanpoBasns peryanpyiolledl poAH pacTeHHs H npe-
BRAIEHHE MHHEPAALHEY 3ACMCATOR B PACTeHHH ONHCHBAETCH CBA3L
MHHEPAALHOTD NMHTAHHA ¢ JHXAHHEM, pacnpejeJeHieMm ACCHMUIRTOR,
POCTOM ?ulljp-lihﬂrl:'llt",'il'.ﬂl. 3]’0 ODCTONTEALCTEG  AOJAMHO, Ha Ham
B3rasi, MY AHTE OTIREEHE M M OMEHTOM |I‘|Hl _.'J.i'L.']h“'E'ﬂ.!IIE'H ]:IHZIHITHII
pafor B sToM HANPaBJICHHN,

Mumeerca cpapHuTeabHo HEMHOro Mojedell pocta pactemmil, KoTo-
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PHE BEIONAOT CYOMOLCAN NPOIEcca MUHEPAABHOTO nutamua [1, 101,
195, 151]. B page cayuaen raasHoe BHHMAHNE VASINETCH ONMCAHNIO
NOLIOWEHHA MUHEPAILHMX 20EMENTOB, 2 B3GHMONPEBPAILEHHA HX
B NoYBe ONHCHBAKTCA HEAOGCTATONHO noawo. TlostoMmy B aaunod ob-
AACTH CACAYET YACANTE BHHMAHHE GoAee NOAHOMY ONHCAHNI0D Npo-
UECCOB AHHAMHKH H TPaHCIOPTA MHHEPAABLHHX TEMEHTOR B NOuRe.
JTo He cocTaBaser npofAeMH, eCAH pPedb MACT O ATHHHOMEPHOIHEX
MOLETAX, DPeAHAIHAYEHHLE 8A8 HHTETPAUEH CYIICCTRYIOUINX 3HAHHM
O NPOUEcee H KOTHYECTBEHHOTO onicanua npoueccos. Oanako, Kak 370
noapobuo obcyxaaercs, nanpumep, 8 [185], npn coazaunn Moneaed,
OpPHEHTHPORAHHEIX HA PelIeHNe NPAaKTHYECKHX 3a/1aY%, BOINHKAIOT Npo-
fnemu OueHKH napaMeTpol, o0nema BXOAHOR HHQOPMAUHH H T. A
B srom cayuae Gananc MeMay onHCamHesm nNpOLECccoB B3aiMOnpenpa-
HIEHRI MHHEPANBHWX 3ACMEHTOR H TPAaHCMOPTA WX B NOYBE, & TaKmKe
NOrAoueHNesM ONPeAeNReTcn  AOCTYNHOCTLID BXOAHORM HHpOpMaLHn.

B annumoneproaHuy Mofensx pocra, NpeaHasHAYCHHME AT npo-
FHOSHPOBAHNHA BHCCCHHA MHHEPAIBLHEX VAOOGpeHnd, GoALIIOE 3HAYeHHe
NpHOOPETAET YYeT NPeBpalleHnil BHECEHH X vaobGpennii.

B ofaacty soaesupoBamus pacnpelenenus ACCHMEANTOR YeTKO
O0HAPYRNBAKOTCA TPH TCHACHUNN: 1) ajbkefiuiee paspuTHe No1xoMa,
OCHOBAHHOID Ha HCNOALIOBAHHN pPocToBEX dyHKUME: 2) Henoassosa-
Hie KoHUenunn $Gonaos; 3) yuer noTpeGHOCTH OTACALHHY OPraHow
H PACTEHNHA B UGIOM B ACCHMHAATAX B CBR3W ¢ Mopdorenezom, B pam-
Kax nepporo HanpaeJeHHs BechbMa CYWECTReHHME BRAan puecen Tloae-
BuM [54, 57], KoTOpM NPeIOKNA METOA OUENKH POCTOBMX (yHKLI
¢ HCTOUBIOBAHHEM JOTHCTHYECKOTD VPaBHEHNA, a4 CTApCHHe MOIETH-
PYETCA Ha MeXauHcTHHECKON ocHome. M nosaraem, uTo K stoMy me
HaNpasaedHo creayer othectn pabory Puwepa u Yapasaa-3nsapaca
[131], xota ona sunoanena B apyrom ctine. Kosdpuunents pacnpe-
ACTEHHA ACCHMHAATOR B OTAEAbHBIC OPraHW OUEHEHH Ha OCHOBAHWH
YACALHHX CHOpPOCTEH POCTa, KOTOPHE ONPCICACHE METOLOM ONTHMH-
aaunn. OUeHKN NOKA3aAH, 4TO NP 3acyxe GONLINAR 4ACTL ACCHMUINA-
TOB PacHpeseaseTcs b KOpPHH, MEHBILAN — B JHCTEA.

B pamkax proporo HanpaeleHHs Brnodnena patora Buxene, Moa-
aay u Pocea [3].

Moaxon, ocHoBanuwit Ha oueHke noTpeGHOCTH B ACCHMHAATAX,
peaanayerca GoJee HAH MeHee VCNeWHo B MOAEAAX XAoMYaTHHK:

I51], B mogennx, paspaGotannux Ban Keyaewom c coTpyannkamm
153—155, 222], n 8 monensx con [948].

B HacToAlee BpeMA ACHO BHPHCOBHBACTCH HEolXOMHMOCTH A3.0b-
HEMIIEro PasBTiA BCEX TPEX HANPABACHHA B MOLEAHPOBAMHI Pac-
npefeqenns accHMUARTOBR. Yenexn AaasHefiwei paapaloTK TpeThero
HANpaBAeHNA B MOLCAHPOBAHNYN PpAcnpeleneHid ACCHMHJIATOR TECHO
CEASAHE C ADCTHMEHHAMH B O0JACTH MOZETHPOBAHHA NpOLEcca pas-
BHTHA H MHHEPAILHOTO MHTAHHA.

Toapko waunnawTes pazpaloTEH N0 MOAEAHPOBAHHIY CHHTE3ZR 38-
nacos npu GOPMHPOBAHNH 3ANACA LN opranos. Kak otaeasnan cvi-
MOLeAs, 3TOT npouece onkcan s [225, 226], 8 pamkax aausHoneproa-
HBX Mojeaed namn [80].
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Fnaega 2

OcHOBHBIE NMPHHUKNB MATEMATHYECKOTO
MOACAHPOBAHHA (POPMHPOBAHKA KAHECTEA YpoHan
H BJAMAHHA HA 3TOT Npouecc
ArPOMETEOPONOTrHYECKHX YCAOBHI,

TeopeTuueckne AHHAMHUECKHE MOLEIN

2.1. MocTaHORKA 3a0a4H H KOHUENTYAAWIAUMR

B coBpeMeHHHX MO1eadX NPOAYKUHOHHOO NPOLECCa pacTeHui
CKOPOCTE HAKOMACHWS CYXOT0 BCUICCTRA OUBHHBABTCH B HedoM, Ge3
pasieacHus cyxofi OHOMAcCk Ha COCTABRJAHIOULINE €€ KOMMOHEHTH.
Toabko B mopensx [137, 138] paccmatpupaercs Hakonackne Gemka
B NpoUecce pocTa OBOWHEX KyabTyp. (QIHAKD HEe MOISAHPYETCH pery-
JAAUHA NpOUECCd, TAK Kak NOAPAIVMEBANTCA JAEKBATHHE YCIOBHA
A30THOTO NHTAHNS H BodocHalennd. Kposme Toro, MoaeadpoBanne
XHMHYECKOrO COCTABA PACTEHMH He CBASLBAETCH ¢ MOACAHPORAHHEM
KauecToa yposan.

CAGAYIOUINM 3TanoM B passuTHl paloT no MOJeHPOBAHNID Npo-
AYKUHOHHOMO NPOUECCa PACTEHH ARAAETCA paspaloTEa TAKHX LAHHHO-
NEPHOAHBWX ZHHAMHYECKHX MOaeaell, s KOTOpHX npouece obpa3onaHns
CYXOro BeUlecTsa pacTenuit paccMaTpiueaica 0wl KAk Npouece Hakonae-
HHA o BIAHMONPERPAWLECHHA OCHOBHEIX XAMWYECKHX KOMNOHEHTOR
pacTenna (yraepoios, GEAKoB, KPaxMaaa H reMHUeI 03} B TedcHne
BCErD MEPHOIa POCTA H PAIBHTHA PACTEHHA OT NOCEBA A0 COIPEBAHNA.
Taxoil noaxon noasoaser nepefiTi 0T MOZETHPOBAHNA BOPMUPOBARNA
ROJHYECTBA  YPOMan K MOAeNHpoBaAHHID (QOpMHApPOBAMHA KauecTea
Yposan, 4T0 0 COCTABMNACT 34084V HACTORWEN patoTh.

IMon KavecTBoM Xo3ANCTECHHO WEHHON 4acTH YPOMKan MOHNMAETCH
COAepKaAHNe GelKa B Kpaxmaia B 3epHe 3epHOBWX KyaLTyp, Henka —
B cemeax 3epHofoboBwX (y com — Gedka B KApa), Kpaxmana —
B KAVOHAX KapTodend, caxapodd — B KOpHEMAOAax cpekan. Konuwen-
UHA, HCNOABLIOBAHHAA HAMM NPH MOISNHPOBAMHH, COCTOHT B TOM, YTO
HAUECTRO VPOMAA KyJALTYPH (POPMHPYETCA B TeMEHHEe BCEro nepuoas
POCTa 0 PA3BHTHR PACTEHHA HAYHHAN OT NOCERA H ONpPeleNdeTeHd reHo-
THIOM pacTeHHA # YCAOBHAMH BHewHeR cpeaw. Ocnosoli nas paspa-
GOTKH Takol KOHUENWHH NOCAYAHRAH MHOMOYHCACHHHE JHTEpATYpHbLIE
AAHHEE O POAH MATEPHHCKOTO OPraHiaMa B QOpMHPOBAHNE PenpOivE-
THEHEX OPraHoB, HX POCTE H KavecTeeHHom coctase [4, 47, 48, 50,
al, 60]. 3aBHcHMOCTL KAMECTBa YPOMKan CeAbCHOXOIARCTBEHHEY KY.b-
TYP OT NoroAw B Kanmarta [6, 14, 21, 24, 27, 52, 76, 77, 78, 85, 90, 95
134] ofycaosansaer neolXoANMOCTE MOASAHPOBAHHA npouecca dop-
MHPOBAHNA KAYeCTBa YPOoas H BAHAHHA HAa Hero VCIoBMA BHEwHeR
cpeln. .

Hunamunueckne Mofenn GopMupoBaHNs KAUeCTBA YPOXKAan MM pac-
CMATPHBACM KEK MOJEAH NPOAYEIHOHHOTO NPOILecca, NPeiHazHateHite
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AR HOAHYECTBLION OUEHKH XHMHYECKOID  COCTABA PacTeHH
B NEpHOA OT NoceBa A0 YOOPKN, B OCOGEHHOCTH A48 OUCHKH KauecTRa
XOBRACTBEHHO UeHHON uacTH ypomas. [lo smuenwo, naromennoMmy
B [164]. AMHAMHYECKHE MOLEAH POCTa CENbCKOXOIARCTHEHHHX KyJb-
TYp 0TOOpAKAOT OrPpaHHYEHHBE SKOCHCTEMB, BENIDYAOINE PacTi-
TeAbHLA NOKPOBR H HEKOTOpHE aGHOTHUECKHE KoMnonento., TaknM e
O0pazoM ME MOKEM ElacCHPHUHPOBATE AMHAMHYEcKHe Moaean dop-
MHFUIFE’I“H.’-{ KauecTaa !."[!ll;,!l,'.ﬂﬂil.

3apaua paspaloTKH AHHAMEMECKHX Mogeael QopMHPOBaHNA Kave-
CTBA VPOKAA CENLCKOXOSAACTBEHHWX EKEVALTYP CTaBHAACh HAMH
B MaaHe Co3a8aHNA TLH}pE‘TII'[I'.‘vI:'Hil:I; !.{|::|]'|'13'.I'|:1!'|-1r T. & TAKHX, KOTOPEE HH-
TErpHPYIOT HALIN 3HANHA O AAHHOM OrpaHHdYedRofl SKOCHCTEME, H B TO
WMe BpeMA Moaeaeil, KOTOpuEe cay®man O OCHOBOH 1A paipafortei
NPHEAIHEY MOodeded, OPHeHTHPORAHHLIX Ha PeleHHe 3aaal nporioaa
n yapasieind. B ockony pazpaboTkd Moaedell noaoken eHeTeMHBR
N0AX01, KOTOPHH BechMa WHPOKO HCMOAL3YeTCR Bo MHOPHX palorax,
FATPaArHBaMKY BONPOCK METOAOACIHH Moneaupobanms [8, 10, 32,
a5, 63, 89, 164].

Cornacio cucTeMHOMY NOAXOAY OHAH NPEHIE BCEro KONKPETHINPO-
BAHE NPOUECCH N CBOACTRA, HeoOXOAHMEE 148 oTOOpaMeHHd CHOTEME -
OpHrHHANa ¢ Y1eTOM NOCTABACHHOH 3aaauu. TIpH MoAeaAHpOBAHHN pac-
THTEABHOTO NMOKPOBA ONUCHWBAKTCA CACAVHIILHE Npoueccu: obpazosa-
HHe nyaos cybdeTpaTos nas pocra B peayastarte OTOCHATE3a M
doTonuxanna (RAH rHAPOIH3A 3anacoB MUTATEALHON TEAHN Ha pan-
HHX (aszax PasBHTHA) ¢ YYETOM 3aTpaT Ha JAMXaWHe NOAACPHAHNWA;
pacnpeaeseHne nyaos cyGCTPaTos, CHHTES CTPYRTYP (C Y9ETOM 3aTpat
Ha AWXanue pocTa); CHHTES 3anacos B nepHo] GopMupoRanns 3ana-
cawownx oprasop. Takum obpaszom, npouecc GopMHpPoBAHAA Ka¥eCTRA
YPOrkasn CeALCKOXO3HACTECHHHX KYALTYP B UEJIOM paccMaTpHBaeTCR
KaK npouecc cHHTE3a, pacnaja H BIaHMONpespauieHinil OCHOBHEX Me-
TAGOANTOR B X0je CO3JARHA CTPYKTYPHMX KOMIMOHEHTOBR CYXOro Beule-
CTBA PacTeHNs B OepHOA OT NoceRs A0 cospesaHna. ChopocTh W Ha-
npagaIeniocTs BIaHMONpespamiennfi MeTaloAHTOR 3ABHCAT OT reHO-
THOA PACTEHHA W YCAOBHA OKpysawed cpean. Poab BEréTaTHBHOMO
NepHoaa MHIHH PACTEHHA ABJAHETCH KAk OW NoOArOTORHTEALHON Aas
CO3AAHKA YPOXKAR TOMO HAH HHOMO KaYecTBd B MEPHOI POCTA 3anacan-
wux opravos. OT CKOPOCTH ¥ HanpasieHHOCTH npoleccos Merabo-
AHEMA B BEreTATHBHOR (a3e pa3BHTHA 3JABHCHT KOAHYECTBO W Kave-
CTECHHHA cocTas CYOCTPaTOB, KOTOPHE 3ATEM PEYTHAHINPYIOTCH NpH
CHHTese 3anacos. B nepHoa, npepmecTsyomui cCHHTE3Y 3ANacos, pop-
MHPYETCH TakWme ﬂﬂpl."ﬂ_'l'.'fllllll‘li:lﬁ ML ONLA Tk Hl".'l.'.‘ll!!ll.'lll]]':'ﬁ']]]l-l.‘:!l INOHEPX-
HOCTH, OT KOTOpOf 3asncHT OTOCHHTES B neprod GopMipoBanNHA 3a-
MACOH.

Bee dmanodoro-GHoXMMHYECKHE NPOUECCH, VYTEHHWE B MOLEAH
opMUpoBANIE KaYecTBa YpodKasn, ONMCHBAKTCA Ha Tpex Hepapxnie-
CHHX YPOBHAX: OTAENbHHX OPraHos, PacTeéHHs ©» WenoM H NOcepa.
nl.‘p'f.‘."iﬂﬂ B CHCTEME EHFI-FEI!—].'IH{'TL‘H“L';I lTE}'IE[L‘H.‘TII::IHE']'EH ﬁﬂ-‘dl’ﬁ:l..‘:tpﬂ
HETErPALHN OTAEIBHWY OPOLCCCOB N0 BCEMY PACTEHHIO H PEryasaliH
HIAHMOACHCTEHA ."-“;":rl'i..-l:p' 1]-]1['.']“.;".[“ B J]|'IllLI,L'L'l‘E pHEIIlhl“,‘]_E‘.‘JE]!|15| ACCH=
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sianTon. [lepexoa or oTAENBHOrO pacTeHii K NOCERY OCYILECTBIACTCH
NyTeM YHYeTa KOAHYECTBA PACTeHHA Ha onpeaeacHHol niouiagm u pa-
MEHEHHA HHTEHCHBHOCTH (POTOCHHTE3A NPH Nepexofe OT pACTEHHS K No-
CEBY 3a cHeT ocaabiaenns paiMalny B NOCeRe.

.I:I-ﬁHUTI['-I'EC[".HHH HOMMOOHCHTAMH SKOCHCTEM B OAHAMHYSCHHENX MO-
AeAax QOPMRPOBAHHA KAYECTRA YPOXKaA ABNAIOTCH NOYBA H BHYTPEH-
HAH aTMocepa SKOCHCTEMH.

Peaopos v Mwasmanos (89) pasiennoT cROACTBA NOMBH KakK KOM-
NOHEHTA IKOCHCTeMH Ha Apse rpynnel. B nepeyio Bxoasr taxkme cnofi-
CTEd, KAK MAOTHOCTL, MEXaHHYecKnfi cocTan, COAEpMAHNe ryMyca, ob-
LEro 83073 H Ap. 370 OTHOCHTEALHO KOHCEPBATHRHLE CBOACTBA, HX
HEMEHEHIA OPH BHEWHHX BOZALHCTBHAX (PHECHPYIOTCA NPH A0CTATOYHO
OoMBLIOM ware no spesenn, Ko sropoll rpynne oTHOCATCH JOCTaTOMHO
HIMEHYHBMEe (yi#e B Npeaenax CyToK) XapakTepHCTHER NOYMBCHHOMD
NpodHAR, HENOCPEACTREHHO BAHAWING HA KHBHE OpPraHnaMu, 3To
TEMNEPATYPA NOYBH, BAAKHOCTE, KOHUSHTPAUNA ACMCHTOR MHEHEPAIL-
HOrG NHTAHHA, COOACPAIHHE BOIAVIA H AP, B Hauiel sogenn VUTEHE
H3 NEPROA FpyNnW cleaywoiuye cpoficTBa: NAOTHOCTE NOYRH, COACp-
#wanue obmere asora (B npouentax), pH; wa sropodll rpynnu: Bnax-
HOCTE MOMBBI, KOHUEHTPAIHS JOCTYNHOIO A30T3, TEMOCPATYPa MNOMBH,

IunaMuka BAAKHOCTH NOMBH ONHCHBAETCH B FHAPOJOFHUYCCKOM
OJ0Ke MOAeTH; ANHAMHKA KOHUEHTPAWHH 230738 — B cyOMOACTH BIaH-
MONPEBPALLEHHA A30THCTHX COEIHHCHHA B NOUBE; TEMNEPATYPA NOHNBH
aagaerca, Ha Tex noxazatenefi, KoTopwe XapaKTepHIYIOT BHYTPeHHIO0
atMocepy FKOCHCTEMB, B HAWER MOASAN YMHTHBAKTCH HHTEHCHE-
HOCTH COMHENHON PaaHaUiH, TeMnepaTypa BO3AYXa, BAAKHOCTE BO3-
JAy¥Xa U cKopocTs BeTpa. TpH mocaennne BeAHMHHE 3aJa10TCH, 4 pajaMa-
UHOHHBIA PeXHM OUCHHBACTCH B COOTBETCTBYIOWEM OAOKe MOXCAH,

[Mpoueccul o cBA3H MEHLY HHMH, HCNOJAL30BAHKEE NPH paipaboTke
KOHUSATYAALHON MOIEAH <NOrofa—HKavuecTho Ypomas» (B UeTOM 1A
CeABCROXOIARCTBCHHEA KyabTYp) usobpamenw wa pne. 2.1, Cneundn-
KaUHA 0 HASHTHPHEALHA ONMHCHBAIOTCA Ha YpoBHE cyOMopened,

B [57] auaansupyioTca pasamukble NOAXOAW K KaaccHPREaNHH
Mogenefi «noroja—ypomatiz. Kaiaccnduxkauma sogeneil «noroga—
KAYECTBO YpOMKad» MOMET OuTL NPOBCACHA N0 TeM e NpHIHAKaM,
4To H MOgedeld «noroga—ypowaii». Bechma yapaunofi MB cunTaem
Kaacenpukaunw Pocea noap. [2]. wa ocnose Rotopofi waww mogean
LNOro1a—KauecTEO YPOXans ABIANTCA TEOPETHYCCKNMA H nphHHaaie-
AT K KAacCy AAHHHONEPHOAHBLIX AHHAMHYECKHX Mojenci.

Ha ochoBanun knaccpukauus, npuseaendoi ®Petoposniy o Fitiab-
MaHopM [89], onpeaeans pazpaloTanHuie HaMH MOLSAH CACIYIOLIHM
obpaiom, [lo THOY peaNH3ainl — 510 IHAKOBMC MATEMATHUECKHE MO-
Aean. Ronuentyanbibie MOACAH HCNOALIOBAHB HAMH Kak NpoMexy-
TOYHWIA 3TaN NPH NOCTPOEHHN MATeMATHYECKNX Moaeneii. [To cnocoby
HAXOMCHHA Pa3pellaomere onepaTopa MoAenci OHH HBIASIOTCH MHC-
AeHHBIMH, [10 CTENEHA ONpeaeaeHHOCTH NpeIcKasanns 3Havenwil nepe-
MEHHBIX MOAEAH ABAAKOTCA ACTCPMUHHPOBAHHEIMH, N0 XapakTepy Bpe-
MEHHOrO ONUCAHNA AHHAMAKE NepeMeltby COCTORRHA — ARCKPETHRIMH,
npuues  BeOGpaHMbfl  War no BpeMeHH  MOMET B ONpPeleieHHBX
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o apefenax MenaTeen Gea cyvmecrbennof nepectpofikn mogean. Ilo xa-
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Ir 1 : = £ MOIEN ¢ PACTIPEACICHHBIMH IHAUCHINAMH,
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1 WAL IRMEOSIUDE Fot = =
: a7 f:.ﬁy.;-.;u.n.-.-r.'.r n DIIDN BBIR} : “ ¥
e
X J 1 1' = = 2.2 06man XapakTepucTHEa AHHAMHYECKHX Moaedaei
: : = ; g opMUpOBANKA KAaueCTBA VPORKAN
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= & 5 B s
It E £ 8 = 2R % -
r ug = =
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1 Ty i g = =
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i ! L |EE EE AHYHBX) wan kaybnedi (v kaprodens, 6atata). ¥ 3epHOBHX NUTATEAb-
3! 3 i i3 B ud HOH THAHLIO #ABARCTCH KpaxMaincTuill n SeaKoRwil 3nA0CNEpM, ¥ HEKO-
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| bt 3 . E o pe E uE —— o — E I = E -
I o 5 EE %-,_; S : Bz rae (CN) —sanacw (yraesonos, GeakoB) nutateabholt THamm, I
. ] §
: § N3 %E 2o 3 I il ((CN)#? )mi%¥ — KoqnuecTho  3anacos, CHAPOANIOBAHHOE TPH ONTH-
= 5 L a3 '
: (= ; I < 8 MAJALHEE BHEWHHX yenosusx, r, (CN)7! — kputnyeckne koauwvectea
: L_________L__, - % 3aNacos, ONPeie]flie HAYAA0 PeaKlHH FHAPOAH3A Kak PearilHm
e s o SR s R TS T ey a8 nepporoe nopaaka, r; (CN)®  — pauajgbible KoaWdecTsa 3anacos, r;
& Rox — yAeabHan  CKOPOCTL  THApOAM3a  3anacos, cytl; Fi (T) —
= GVHKUHA BAHAHASA TEMNEPATYPH  Cpeas  Ha CKOPOCTH THAPOAH3A,
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Geapaamepuan; F‘::Hl:ﬂ?'}—ftr}rn:mlm BANAHHA BJI4MHOCTH cpean Ha
CKOPOCTE FHAPOAN3a, GeapasvepHa.

Buiw $yHKUNA BAHAHNA TEMNEPATYPH H BAAMHOCTH HA FHAPOJINS
YIACBDANKX 38N4C0B AAA PAZHHX KYJABTYP PazaHudbl, [OCKOJILKY
PaBAHYHL THNL 3a0acos (KPaxmat, #HPH) W COOTBETCTBCHHO pai-
JHYHE THAW ibcp.\ml-lmu. KaTadH3NpYy X  HX pacnag. Jasa nseex
COPTOR AAHHOH KYJALTYPH 3TH QYHKUNH 10 NPOPACTAHHA OANHAKOBH.
Buaw dynkuni nansanns TeMnepaTypu H BAAMHOCTH HA FHAPOAHS
DeMKOBMX 3ANACOB A0 NPOPACTANHA OAHHAKOBH 118 Beex KVALTYP o
Hx coptos. [locae nmpopacTanua BHIM Beex (YHKUHR BAHAHNR onpe-
AeNAOTCA NOTPEOHOCTAME pocTa KyATYpH. [lapaMerpu ((CN)ni jmax,

i
kew, (CN)" | pasamuaioTes B npeiesax oANOf KYJIbTYPW B 3aBmcH-
MOCTH OT COPTA,
CropocTs ofpazoBamus nyna YrAeBOAOB A48 pocTa NPOPOCTROR

PaBHa CEOPOCTH FHAPOANZES YIAEBOOAUKY 3ANACOBR C YUETOM JATPAT Ha
AHXANHE METATEALHON THAHE:

P
@Ciab _ dCliy  dRw

arec - e ar. ! (¥
rae Gl —nya aabunaenux }Eenmnn B NepHoL noces—ecxoawl, rC;

£
Crr, — MabHabibe YIAeBoAH NHTATEARHOR TRAHH, 06PASYIOMMECH NpH

ragpoanse, r C; Ry — Auxanne natateanHoi tkaum, r O,
duxanne nuratensuoli THAHH OUCHHBACTCH B 3ABHCHMOCTH OT Qhi-
XAHHA 33POAKINA HAH NPOPOCTHA:

dRy dRa (s
— df ' Ekﬂ'ﬂ d;{ i ' fi:",a_:i

rae kg, — KosdEUHENT, 3aBHCAWAA OT KYALTYpH, fespasmepruii;
R tan — AHX3HHE 33poAKIa {NpopocTEa).

En::'m HCTOMHHKOM NYJa YriesoloB wa paHnnx daszax pocra pa-
CTEHHN ABAAKITCH 3ANACH CEMEHH, TO HCTOMHHKOM 330THOTO W doc-
fOpHOro NYNOB CAVAAT KAK 3aNACH COMEHH, TAK M a30T N rocop
nound, W0 NPaKTHYECKH YAe cO BPeMeHH NPOPACTAHMA KOPHH CNO-
COOHN MOrACUIATE MHHEpaIbHBE 3aeMentd [23]. Cropoers ofpaiona-
HHf A30THOMO NYJAa 3aBHCHT OT CKOPOCTH rHAPOJARza OelKoBHX 3ana-
COB H OT CKOPOCTH NOFAOIEHHA A30TA H3 NOYBH:
d”f::lh i "'rr":ﬂh ™ abs

T e e (2.4)

TPl T - g
rae NP —poctoBofi nya asota B mepnoa 10 BCXOAOB, I Mg
Jmaf L] -
I"-:m Ja0HABHM B30T NATATEALHOR THaHHN, obpasywwnfica npH
rHApoan3e GeNKoB, r; MNp, — 8307, NOCMOWEHAI H3 NoYBMH, I
B nepHoa oT npopactawns A0 MOABJAEHKA BCXOJAOB HENOAb3IOBAHHE
SEIOTEHHOID A30T3 NPOPOCTHAME OCYIIECTBAACTCA TOJBKO 33 CYET ak-

THEHOIO NOFACIIEHHS B NOTOMY CEOPOCThH NOTJACHIEHHA ONHCHBAETCH
ypasuennem Muxasanca—Menten [39, 135] kag QyHKUHA KomuenTpa-

b2

UHH 230Ta B No4Be H TeMpepatypsl nousd, [IpH mogeanpoBannH no-
FAIOIEHHA B 3TOT MEPHOR MBI DOJgaracM, 410 BCH NOBEPXHOCTE KOPHHA
MOrACILACT MHHEPAABHBIE 3JeMEHTH. FPHBIIEFFIIE. OIHCE BARMILEE  [i0=
FAGILEHHE, HMEET BHA

dNaps _ ANGhs Ng

i T di E!‘ig“ T |'I-'_5- F:":-!M {T':"] F—'";um {“:II:'} MF" ‘-9'5}

rae :"-1’:;:: — MAKCHMAJALHOE KOJAHYCCTBO A30Ta, KOTOpPOe MOMET OMThL

NOCACULEHG MPH ONTHMAABHON 408 Npolecca  TeMnepaType noyYBH,
r N-(r c. b kopueii) =" eyt Ni— KONUEHTPALHA AOCTYNHOMO a30Ta
8 nouse, r N- (kr c.n.)~!; Ky , — xonctanta Muxasanca—Menten,

rM-(krec nm)™"; .F,-;m (Tg)— PYHKIHA BAHAHHS TEMONEPATYPH NOUBL
HA NorJoulenye, GespasMepHan; .F:-.-m (Ws) — dyHKIHA  BAHAHHA

BJIAMHOCTH NONBN HA Noraouende, Gespasmepuan; M. — cyxas macca
ROPHEH, .

KoHleHTpauna a3ota B NoYse OUeHNBALTCA W3 cybMOLeNH AnHa-
MHEN 830THCTHX COCAHHEHHA B NouBe,

[lya neopraunseckoro ocdopa ofpasyeTca 3a cHeT 30JbHBX 18-
MENTOB NHTATENbHOA TKAHH, HO TAdBHLIM 00pasoM 33 CHET NOrIouLe-
HHS H3 NOUBL:

P
dPgy  dPRy, o _dPas
i T b af !

rae Fﬂn.-_ mya neopranudeckoro docdopa, r P P_.:':*,J — HeopraHne:

ckuft ochop nurareavnoli TRann, r P; P, — neoprannueckni doc-
{rop, NOrAoMENALT B3 nousl, T P.

lMoraocwenne nouwsennoro dochopa ONHCHBACTCH AHAJOTHYHO NO-
raomennio azora, Onxcanne nordaollednd docgopa copeplienio Heobh-
XOANMO B MOOEAAX KYALTYP, colepHamny (oabluoe KOAHYECTBO A30-
THCTHX BEIMECTR H YrAeBOA0B [MIUEHHIA) M, caeloBaTeabho, Tpebym-
uHx aaa poeta ocdopa. das kykypysu, cojepmauledl no0cTaTouHo
ellie M 30JbHEX ACMEHTOR, norjowenne docdopa na pannnx dazax
BOZMOGRHD HE BROAHTE B MOACTE.

Mocae BexoAoB, B NepHOA Nepexona or reTeporpodiHore K aRTo-
TpodHOMY NHTAHHW, VA YIVEBOAOR [ pocTa olpazyerca B npo-
necce (pOTOCHHTE3A ¢ YYeTOM 3aTpat Ha goToamxanue (aas Cy-pacrte-
HONfi) W 3a ¢ueT rHAPOAH3IA YIAEBOAHLIX 33MACOE NHTATENBHON THAHH
Fanacaiix opra’os:

dPpr ! dCl dR Ly

(2.6)

nf
dCI% 8 npH Crer = 2, e
- dFpy dCiap 1
+ {naa C,-pacTennit)

dt dt
npu Cres > 0,
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rae Cﬁ-_._ nya nabuALHKY VIACROAOE B NEpHOA NEpexoma of reTepo-

Tpoduore Kk apToTpodrHoMy nurammm, r C.eyr Y Pu— dortocHnTes
peero pacrennd, r C.cyt!; RLy— dotoauxanne Beero pacrenns,
rC-eyTL

B 3aBHCHMOCTH OT 3ajay HccheaoBanus POTOCHHTES MOWET OMTh
ONHCAH KAk PYHEUNA OCBEUEHHOCTH, TeMNepaTypl BOIAYXA H BJa M-
HOCTH NoYBH, AHO0 yuRTHBaeTca Takme o anddysua CO; B aucre
(2, 213]. B npennaracmuex HaMH MOJENAX CKOPOCTL OTOCHHTE3a JH0-
Goro QOTOCHHTEINPYIOUEro OPraHa PaccMATPHBAETCH B 3aBHCHMOCTH
OT OCBEULEHHOCTH, TEMNEPATYPH BOIAYXA, BAAMHOCTH NOYBL H YPOBHA
pe3epBHEX ACCHMHAATOR B OTOCHHTEINpYIOWER Traun. Heobxoanmo
TakMe YUHTHIBATL BANAHHE (a3n OHTOTEHE3a opraHa (HAH pacTeHHA
B IEN0M) Ha HHTCHCHBHOCTL (oTocHuTesa. Bauaume yposua yaoGpen-
HOCTH NOMBW BBOAHTCH HAa OCHOBAHMH IKCOCPHUMEHTAJbHMX AaHHLX
N0 HIMEHEHHI) NaPaAMETPOBR CBETOBOR KpHBOR (OTOCHHTE3A NpPH H3Me-
HEHHH VPOBHA A30THOTO NMHTAHHA:

s
o I T 1] ﬂj-j‘nl.u:
| T

Fo(Ta) Fp(Ws)ken, (2.8)

rae dPifdl — ckopocTe HCTHHAOMO (OTOCHHTE3a j-ro oprama, r Cx
Kam~Eeyol dPTAS[df — MAKCHMANBHO BOIMOMHAS CKOPOCTL HCTHH-

HOMO POTOCHHTE2a (-TO OPraHa NPH  ONTHMAJALHHX 008 [pouecca
BHEWHNX yoaoBusax, Mr COz-am-2.y~!; g, — gavaaeHefi nakion cee-
MrCOs . g2 gt
Br. M2

DAP, Br-u™% Fp(T.)— QyHKuHa BAHAHHA TeMnepaTypu BO3IVXA
Ha (oTocHnTes, Geapasmepuan; Fp(Ws) — dyHKIHA BAHARHE BAAK-
HOCTH NoMBW Ha QoTocHNTe3, Ge3pasMepnan; koay — NEpecUeTHHA Ko-
s HIHENT.

CysMmapnbi  #cTHHAEBA  GOTOCHHTEZ pacTYIUHX W 33aKOHYHB-
IWHE POCT PYHEUHOHHPYIOWNY OPraioB paccHHTHBACTCA 0O Yypas-
HEHHKD

TOBOH KPHBOR (OTOCHHTERA, s — HHTEHCHBHOCTE

dPy
.PjE?_I-rr”:T Lﬂ;"’g{"ﬂl' ['Erg}
rae Prr” T foTOCHHTES pacTyulere (pyHKUHOHHPYIOLLETD) [-ro op-

raga, r C.eyr™"; Lg— AAHTeAbHOCT:  CBETAOTO BPEMEHH CYTOR, 4;
L*;:r{fm_ NACIMAAL ACCHMHARPYOWER NOBEPXHOCTH pacTvimero (dyHk-
HHOHHPYEMIEra) §-ro oprama, am=,

PoTOCHHTES CTAPEOIIHX  OPraHOB  ONHCHBAETCH  AHAJOTHYHO,
4 BAHAHHE CTAPEHHA VUNTHBACTCH KAk yMeHLITEHNE NIOLAAN AcCCH-
MHAHPYOIWEeR noBepxrocT QYHKILHOHHPYIOUHX Oprafos.

&

JUAOrenHan PeryaAluns (OTOCHHTE3A YYHTHBASTCA B MOIeAn ye-
pe3 YpoBEHb PEIEPBHEX ACCHMBJATOB  CORMACHO  ANNPOKCHMAUHH,
npeaacEennon 8 [3],

- P
0 np Crps = ((-r::”)m“-n

- Peryy
FRiC et P iy < (G e (2.10)
(—Cresf30) 4 1.5

ITPH [ P:;"}m“, L= Crﬂ L) ({:fg”)mup

rae Fp(Cri) — hyHEUHA BAHAEHA YPOBHA pe3epBHbIX  ACCHMHJIATOB
Ha goTocknTes, OespasmepHan; (CPerit)max — KOHIUEHTPALNA pedeps-
ri'a

HEX SCCHMHJAATOB OPH KOTOPol OTOCHHTER NOJTHOCTHIO HHrHOHPOBAN;
(Clerit) max — KOHLEHTPALNA Pe3ePBHBIX ACCHMIAATOR, HC BAHAWULLAMN
H3 CKOpOCTH (POTOCHHTE3A,

B wrore metHmHuil (pOTOCHHTE3 BCEro pPAcTeHMA OUEHHBAETCH 0O
VpaBRHeHH I

"'j'rr

Ppl‘ e E Ir'-"i r -+ E PIJ-" FF {Err.s}- {2-11}'
fem1 & =y

rae P, F—ttlnmcmrrea pactyulnx opramos; r C.eyr -F,-h—-.pnm-

cHHTes QYEKUHOHHPYWILRX opranos, r C-eyT™h ng— 4HCAO pacty-
LIHX OPraHoB; fig, — MHCA0 PYHKUHOHHPYRIHX OpPraHon,

QoToABXAHKE YYHTHBACTCH TOJABKO 05 AHCTHER. Vpapnenue 1.4
OUEeHKN (GOTOALIXAHAA BLIOPAHO HAMH HA OCHOBAHWNH NOAXOLa, npej-
acwennoro 8 [31, 163, 213),

dRL;  dRLP™ ape!
i et dR LT
oy - ﬂm_l'

FpiT a) kcu, (2.12)

rie dRLi/di—ckopocts QoTonHXanna aumctees, r G- au2- 4yl
dRLUAT/df — MaKcHMAABHO BOSMOMHAR CKOPOCTb (OTORHEXAHNA JH-

CTBCB  NPH  ONTHMAABHON AIA NPOUECCa TeMNEepaType BOIAYXA, Mr
CO:-am~2 - u™!; apy — HAuaNbHLIfl BAKAOH cBETOBON KpumoR doToiuH-
mrCOz. am~2. gt
Br-n—2 *
PoToABXAHHE PACTYILHYX H PYHKUHOHHPYIOUNY AHCTLEE PACCHHTH-
BAeTCH AHANOIHYHO (POTOCHHTE3Y:

RLJ;rIIm: aRLy LiL,

df g ijmy
rae .R'er”“:l—l:bDTDJ.HEEIIH-L‘ pactyutero ($yukumonnpyoiero) an-
eta, r G-y} nglhl — ACCHMUJINPYIOLWAA NOBEPXHOCTE PacTYILErs

(dyHREUHONBPYIOWEro) AncTa, ame,

XaHHA,

(2.13)
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mﬂ']"u,ﬂ.u:":ﬂl‘“‘lﬁ BCeX ANCTRCR PACCHHTHESETCH MO FPHEJ!EHHHI
] I
B fa

Rlm= ¥ Rl + X RLy, (2.14)

rie RLp— doroauxanne seex amcrees, r C- oyt RL,,-r — thoTOAk -
Xaune pacTyipx anctees, r C. oyt RL;,, — doTonuixanie QyHk-
UHOHHPYIOIMIHY AHCTREB, © C.e¥T™; [gpr— uHCAO pacTyLIHX JHCTLEB,
lyn — 9HCA0 PYHEUHONHPYIOUNX AHCTLED,

B nepuoa nepexona na astoTpodmioe NHTAHHE YA a30THCTHX CO-
enHueHnil, HeohXoANMHEX a8 pocTa, olpa3yercd 3a cHeT FHApoAHIa
FANACOR NHTATEALHOA THKAHH, AKTHEHOMO NOMJOUEHNA  MOYBEHHOTD
43073 H BHHOCA A30Td ¢ TPAHCOHPAUHONNEIM TOKOM:

AR e AN et vl
i et o (2.15)

rae Nf? —nya naliabHoro asoTa B NEpHOA NEPeXofa Ha aBTOTpod-

Hoe nuranne, © N; Ny — 3307, BRHOCHMBIE ¢ TPaHCOHPAUHOHHLM TO-
KoM, © M.

A oueHKH KoaMdecTsa a3oTa Ny, BEHOCHMOIO C TPaHCHHpPalH-
OHHBIM TOKOM, 3JAMAIEM YPaBHEHHE

n';;'n:rr ___HI:I Pl'f qu. {EIIE}

rae N" — KOHUEHTPAUHA JOCTYNHOMD aiora o MOYBEHHOR  BOAE,

r N- {Hr'll. B)~ Epy— q:lﬂHTllllE:‘:Haﬂ TPpaHcNHPaLHA, Kr-M—2.cyT=!;
SQs — naowant NOUBL NOL NOCEROM, M2,

KolllenTpanua asoTa B NOYBEHHON BOJE PACCHMTHBAETCH no cyh-
MOMEJAH AHHAMHEHM S30THCTHIX CORIHHEHH B nouse, a QakTidecKas
TPAHCOHHPAURA — B HAPOAOTHYSCKOM OJOKEe MOASJH,

Konuenuna, wenods3yemas HaMH NpH MOAENHPOBAHHH NOCJOLLe-
HHA MOYBEHHOrD 330Ta, GCHOBAHA Ha npeactapaennsx [64, 70] o apyx
THNAX NOrAOUIEHHA A30Ta: AKTHEHOM, NPH KOTOPOM MNPOHCXOAHT CBA-
AHBAHHE NONOMEHHOTD A30Td THAHAMH KOpHEl, H naccHBHOM, NpH
KOTOPOM A30T (B BHAe HHTPATOB) BWHOCHTCH B HAal3eMHBE Oprame
€ TPAHCOHPAUHOHHEM TOKOM, AKTHBHMA NYyTh ABAACTCH EAHHCTBEH-
HHM NPH HHIKHX KOHUEHTPAUHAX 430Ta B noype. C NOBWINCHHEM KOH-
HeHTPaAUHH Aa30T& NOAKJOYAETCA NACCHBHLIA NYTh, CTAHOBAILARCH
CAHNHCTREHHWM, KOM1a COQepAAHHE a30Ta B NOYBE HACTOILKOD MOBHI-
MIAETCH, 4T _.’.'l.i].."lhI-I'Er!LIJ'I'."E eno ‘ll.'I:I'E'.'III'H:I[]!{.‘ '_l.'.'rl'-'.E‘ HE MPHBOOAHRT K BO3[E-
CTAHHID CKOPOCTH NOTAOIIEHHS,

Kak npapnao, azoTcoaepialine 3anachl NHTATEALHON TEANH HETO-
LLaTEA GRc FPE*I':. N }'I.'.iii'.‘HlZ]ﬂ_Hlﬂ-l..’.. MEETOMY [IPHIHGROM DOJHOTD [1e-
pexona ia asTOTPOHOE MHTANNE CAVAEAT NOAHOS pacXojoBanie yrie-
BOAHEX 33MACOB. ¥ PasHWX PAcTeHHA AANTENLHOCTE NEePHOLA CMe-
IAHHONS NMHTAHER PASAHMHA: V 3CPHOBEYX, HANPHMEP, OH OrpadHdHBa-
ercs dazofl 2-ro wan 3-ro anera [23), a v Kaprodens npojonsaeTes
OKOMO MECAlla nochie pexopop [90). EFH:!.'IS-I MOAHOMO Nepexofa Ha an-

A

‘n}‘i‘paqlpme NHTAHHE JerK0 ONpPeIefAeTed H3 MOACAH, KOrga BLNOA-
HAKTCA 06a yeaopua, T. e, Nof =0 u Co =0.

B oTanuse OT a30THOrO H YrAEBOAHOMO NYJA0B NyA  HEOpraHnde-
cioro docdopa # NyA KAJHA B STOT H NOCASAYRULHA NMEPHO] HHIHK
pPacTeHHA COSAAI0TCH B NPOUECCe NOrAculeHHs H3 nouss. CrOpocTh
NOrAOWeHHA onNHCHBAETCA ypapHeduamn Muxasanca—Menten.

C nepexonom na asToTpodHOoe NATAHWE HeoOXOMHMHE AAA POCTa
Yraesoin o0pasyvioTes HCKJIKUNTENLHO B Npomecce POTOCHHETE3A:

dPsi  dRLa

B (nna Ci-pacrennii)
dCi npu Cres =0,
T= de‘ {E-IT}

{(nna C,-pacrenni)

npi Cres=0,

roe Ci’r:b— nyn JafHALHMX VIJeROA0BE B NepHOL ABTOTPOPHONO NMHTE-

uEa, r G,
Mya nabnapiby YrAeB0L0B B MepHO] CHHTE3A 34nacoB B 3ana-
CAIDIIAX Oprafax onpeaednercs, kag u CH

falk ?
dtl'ul! dcfrri 2 E

F G ASt)
rae Club_ Iy JalHIbHBIX YrAegoJos B NepHol pOCTa 3ANacabiliHs

opranos, r C.

[Mockodsky B NepHos ABTOTPOMHOrO NHTAHKA B PACTEHHH NOABJS-
WITCA CcTAPCIOLULRE TEANHH, TO myJ JalHAbHOrO a3oTa olpasyercs elle
H 3a CHET pacnaja cTPYKTYP cTapewiinx TEanef:

dNfGy _ aN dN dN
d':-“ oy d;nﬁ ;”rr + ;;:H ! {2.19}

rae N3 —nya naGuasnoro asota B nepHoa aBTOTPOGHOrD NHTAHHA,

r N; Nan —aa0uasuuil azor pacnajawinxcs crpyeryp, r N
PopmupoBanie nyaa JalHARNOTO 230Ta NOCAe UBETEHHA 3aBHCHT
OT HaAHYHA K 3TOMY BPEMEeHH JOCTYNHOTO 330Ta B NoYBe:

d”ﬁl\t "-rr"'rlr + -‘IN:M

dN, npH Hm = 'El.
gt AN
dr

npit Neg =0,

(2.20)

rae NP, — nyn naGuasHoro asoTa B NEpHOA cHHTesa samacos, r N;
Nipc— colepixanne Jerkoruapoansyesmoro asora, Mr N (kr c n)~L
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[Mya neoprasndeckoro gocpopa B NEpHON ABTOTPOGHOTO NATAHKA
TaAKHE MOMOJIHAETCA HE TOJBKO 33 CHET NOrACUICHHS H3 DOHBE, HO H
aa F;I:ET pacnaia cTPpYKTYp:
dp];ﬂl 3o llfp.n.'n.l- dpm

R AR T (2.21)
rae PiY — nya aabuasvoro gochopa B neprol aBToTpodHOre nETa-

nus, ¢ P; Pen — docdop pacnagawowmnxes ctpystyp, r P.

1
I
|
|
®
I
1
|
|
|

. B N i s g

-
! |
" i : |
=2 B e 7PN s TR
i1
O ep )T
B I 1 1
-+ L LT
-_é)___ o R e
bt = e ]
#
Cra
£0,
al = c.l-‘.r
lab [T 5 Ik
oz
Brak

']

=

e

ar
r'I.

Pie. 22 Muarpasus noTOKOE BeUecTEE M nHGOpMALNE OpR Mofeadpoeamng obpa-
AORAWEA WY cybeTpaToOR AfNE pOcTa (CHMBOANESA I-'ill'r!||r|:-u-|‘.'I!'q.'pzlj.
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abs Wal-

Ha pue. 2.2 nokazana cxema cyGmoaean (QOPMHPOBaHHS nyJa
cyGeTpaTos AR pocTa.

b

222, Mopeawpopanime pacnpepeicnnn cyBorparon memay sMerafoauTasin
H OTACTLHLME GANaAsN, OCTA W PASEATHA

Konuenuus, HenoAw3oBaiian HAMH NPH MOASTHPOBANNK Npolecca
pacnpefefenns acCHMIANTOR, OCHOBANA HA SKCNEPHMEHTAAbHBIX pa-
GoTax # Teopernuyecknx ofobuUleHHAX, cAeNaHHWX B 3ToR obaacTil
Kypcanopua [30], Cabuunnwy [70], Tlotanopws [64], Moxponoco-
BHM [36].

Coraacio Hawefi KOHWUENUMH pacnpeleierie acCHMHAATOR NPOBO-
AHTCA B MOAeAH no MeTaloaHd4ecKoMy rPaaHeHTy, CO3AABaeMOMY
CTPYKTYpHMM ofmenom pemects. [loa cTpykTypHusm obmenom  Be-
IECTB MBI MOHHMAeM oOMeH BEleCTs pacTyulnx Thaned, Hbo «pocT —
3T0 HOBOOGPA3OBAHNE 3JaeMeHTOB cTPyRTYpH» [69]. Metafoanteckni
rpajHenT Co3RaeTca B cHeTeMe <AoHOP (PyHEUHOHHPYKIAR TRaHL—
HETOYHHE ACCHMHAATOR)— akuentop (pacTylian TRaHk—NoTpelduTeds
accHMHAATOB) > (source—sink) 3a cuer aanpoca ¢o CTOPOHM NOTpes-
AAwmel TRann. Taknm ofpasoM, MOAeAHPOBANHE pacnpeledeHis ac-
CHMHAATOR NPH HalleM NOIX0Ae — 3T0 PAKTHYECKH MOASAHPOBAHNE
AOHOP-AKUENTOPHHX B3AHMOOTHOWEHHA Memay ThausMu (1 opra-
HAMH) B Mpollecce POCTa PACTEHHA, T. €. BIANMOOTHOWEHAI B cHCTeMe
£HCTONHHK—MOTPEGHTE LS.

Ha pamuosm srane pa3ssHTHA Mofean smetaboandecknfi  rpaaHenT
BBOAHTCA B HEe KAK COOTHOWEHHE MEXAY OCHOBHHMH KOMIOHEHTAMH
CTPYKTYp: yraeposom, azotom # (ochopom. HasecTHo, 4To cooTHO-
wenne CfN mensercs B xoae paseutus oprana [12), a y opranos, 3a-
KOHYHBIUMX poOCT, NOAAEPHHBACTCA HA  NOCTOAHHOM, MOCTHIHYTOM
K MOMENTY 3aBeplleHHs pocTa, ypoBhe, Yuantusas, uto dochop Bo-
AHT B COCTAB BaMHeRlINE KOMNOHEHTOR PacTeHnl, TAKHX KAk HYKJeH-
HOBHE KHCAOTH H (ocOpHAHPORAHHIEE HYKACOTHAH (B NOCIEAHHX
AKKYMYJAHPYETCH  3Hepruf, HeoOXoaumas AAA POCTa), ME CHUHTAEM
BOAMOMHEM BEECTH B Mojeas cooTHowenne N/P, xoTopoe B npouecce
pocTa oprana aranoriuko coothowenmo C/N. Beenenne stux napa-
METPOB MOIBOAET YHECTh HE TOALKO PACNPEAeIeHHe BamHCALINX 3ae-
MEHTOB B cHCTeMe <3penas, (YHKUHOMHDPYWILAR THKAHb—PACTYILadA
TEaHb*, HO H PasAnHYHYI0 CTENeHL <3anpoca® co CTOPOHH  HAXOXA-
MUXCH B JAHHWA MOMEHT Ha pasubx dasax pocta opranos. Kax
npaBuno, B AG0f JaHHEA MOMEHT B PACTEHHH HMEETCH HECKOMIbEO
ATTPArHpyOUNX UCHTPOB, OPHEHTHPYIOUINK Ha celA NOTOK ACCHMMs-
tos [30]. Pacnpepeautensuan GYHKUHA PACCUNTHBAETCA Kak dymx-
MHA cyMMb 3(eKTHBHELX TEMNEPaTYP H EMEOCTH MYJA0B 448 pocTa,
KOTOpas NpH NPOYHX PABHHX YCJAOBHAX ONPEALARETCA BAHARHEM dak-
TopoR BHelHell cpean.

[MpennaraeMas HaMH KOHUENUAA pacnPeieNcHHA MVAa aCCHMEAATOR
npeanciaraer TecHYD CBAIL MEHLY PacnpeicacHHeM W 3aTpaTasMp Ha
POCT H MOITOMY 5TH NpPOUeccH MOASAHPYIOTCH B Komnaexce. Bapmant
pacnpeaeaenns, onuEcaniEf B janHof paloTe, He npeiycMaTpHBaer
KPYroBOPOT 430Ta M0 PACTENHID B TEUEHHE CYTOK.

Cootnoutenne Cf/N ABafeTcA (DYHKUHER cyMME sddeKTHERBX TeM-
MepaTyp o KOHUCHTPAUMH A30THOFO M yriesoamnoro nyaos, Kak ¢ymk-

o




IWHA CYMMul 3¢|lbﬂ-;'I'HH![IJ.‘E TEMOEPATYD CHOPOCTE YREJIHWEHHR OTEHOLIE-
A L—_II'H no AMEpeE pazBHTHA uprajla IAJAETER }'Pﬂﬂ!]!(‘l[l!ﬂ'ﬁ!
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rae y.—otnowenne C/N aaa i-ro oprana; g — orsowenne C/N
AR 3AKOHYHBIUETD POCT (-ro Oprasa; y, — HauaabHoe 3HaveHHe C/N

aaa i-ro eprand; X Ti— LANTeIbHOCTL POCTa {-ro OpPrasa cooTBET-
CTREHHO CyMMEe 3P PERTHBHLX TEMOCPaTY].
3navenne y; - onpegenserca cOHANANCHPOBAHHOCTEID A30THOMO M

VEMEBOOHOMD [THTAWNAA. [lpr H30HTEE a30Td4 3T0 3HAYEHHE HANMEHL-
IEe, MPH HEOAOCTATEE A30Ta — Han0OILIIce, Tarum Uﬁpﬂ.ﬂﬂ-!ﬂ, i
PRCCMATRHBATE Yy HidK [!'I'_I."ill{ll_i[i-l'll I{HHLI.EHTFI-EHHH. A30Ta H }'Pﬂ.ﬁ'ﬂﬂ"

008 B PACTeHHH, TO 3HAYeHHe 3TOH MYHEWHH MEHASTCH OT MHHHMYMA
A0 MAKCHMY M, |-||3Ill',t_.-'|_¢.'l.li e¢ HAMEHEHHA, T, € HanboAblIEE H HaH-
MEHBIEE 3HAUMCHHHA, 3ABHCAT OT KMWIERTYPH, a4 B Npeiedas manHod
HY ALTYphl =— 0T COPTa, ,Ll.rm pPa3HME OpPrados OoHH TAKAe PasaitiHi,
"pl‘.:l.l.‘..‘ll.'-'l HIMEHEHHA JHANEHHA Yi ., HeOGX0AHMD OUEHHBATE HI 3HC-

nepuMenta, KOHKPeTHOE 3HAUEHHE y; ONPEAeaseTes B TaKoM cayuae
W3 caMofl MORenH, T. €. paccuNTaHHOE No cyMMe sPeRTHRHEIX TeMIe-
PATYP 3HAUEHHE ¥, KOPPEKTHPYETCH, HCXOAA NI OOEcneqennocTH pac-
TEHHA A30TOM H YIACBOSAMHE,

HMasmesenne MAKCHMAALHOTO H MHHNMAALHOMO, 8 TAKKE CPEAHEro,
AOCTHraeMoro NpH COANAHCHPOBAHHOM YVIACROAHOM NHTAHNH, 3HAYe-
HHA y; ONPeLensioT U2 coOTHOWEHRIT:

maf

ml!l:__l.'l

o i Yi_ ¥i
Jﬂ = 'E’n Ta, (2.23)
d AL -.'_-?:I‘" — 1';\{' ]
":;; - nm'T‘ Tiat (2.24)

; 0

T ik
::'r = Eril'i Ta G

rie y9OX — MakcHMAaJNLHOE 3HAUEHHE Yy AAR  pacTyulero  Oprana;
YOS — MAKCHMAJLHO  BOIMOMHOE 3HANEHHE Yi AAA 3aKOHYNBLIETD

(B
poct oprana; YT — MHHHMAJbHOE 3HAYeHHe Yy AAA PacTyWero op-

CaHA; 1,*':"" — MHHHNMAALHO BOIMORHOE IHAMEHHE i LA 33ROHYHB-
il

Wero poct opraua; Yy — pauente AAR PAcTyUlero opraxa npu cha-

60

AAHCHPOBAHHOM A30THOM H YrAeBOAHOM nATammn; Y79 — snauenne
i

AAA 3AKOHYHBIIETO pocT Oprada npn cO2AAHCHPOBAHHOM NHTAHHH.

Mockoasky Henodbayercs cootnomenne CfN, To pacuer KOJINYECTER
830Ta. CASAVET NPpoBECTH pPaHLlle, beM YRAepodld, & 3ATCM, 3Has co-
gepaanne asota B opramax B cootomenwe C/N Ha nannon dase
PAZBHTHR OpraHa, oUeHiRTh HeoDXOARMOE ANA POCTa KOAHUECTBO Yriae-
poaa. [Tlpu mcnoaszoBausy coorHowena N/C, HanpoTHe, BHAYaAe
cAeloBan0 O PACCUHTATL KOAMuecTBO Vraepoja. HasecTHa monens
[151], ® wovopofi RHauale «cBOAHTCHA® YIAEPOIHW Gajsade, nocae
qero, HMes SKCMePpHMEeNTa bibe MAHHLIE [0 HAaHMEeHLIIeMY, NpH KOTO-
PoOM elle BOIMOMEH POCT, 3HAUSHHIO NPOLEHTHOMO COACPHAHNN A30Ta
B TKaHW AGHHOTO Oprapa, onpeienfioT KOJHHMeCTRO 33073, HeoOXOLH-
MOr0 A0H CBASHBAHNA A4NHOrO KOAMMeCTRa Yriaepola. STo BapHauT
MOAEAH XAongatudga, HocAulpd mazsanne COTCROP. Cywectsed-
HEfl  HeloCTATOK TAKOPO MOAX0AA COCTOMT B TOM, 4TO NOTPEeOHOCTH
B VIAEROAAX PACCHHTHBACTCA HA OCHOBAHHN NOTEHUHANLHON CROPO-
CTH pOCTA, A& KOJIHYECTEO d30Ta, HeobXognMmoe ANA pocTa, PaccinTH-
BUETCH 10 MHHHMYMY.

[epean npoGiema, KOTOPas BOSHHESET NPH PAcHpeleneHid a30Ta
MEMIY PAINMUHEMH CTOKAMH, COCTOHT B TOM, KakHM obpaioMm pac
NPeieanTh 2207 MEXIAY KOPHAMH H HAAICMUBIMN OPragamMy, MOCKOLRY
3TH CHCTeMB KOHKYPHpYRT B norpebaenun asota. B nepnoa gopmu-
poBaHus BexogoB npobieMa peulaeTcA  AOCTATONHO  NpocTo,  [o-
CKOALKY B 3T0 BPEMA MEHIY OPramaMi NpopocTEa TakoH KOHKYPEH-
uuH Her. [TosToMy AAA OUEHKH KOAHYECTBa a3oTa, Pacnpencadrilie-
roci B KOpeHb W POCTOK, MOMKHO HCNONBL3OBATL KOpHIUHEHTH, onpe-
AeNAeMEe LA Kamaoi KYAbTYPE 3MIOHPHYECKH.

B nepHof nocdae BEXOAOR pacnpegedeHie a3oTa MemAy KopuaMu
H HAAIEMHBMH OPrasHaMHy peryaHpyercs ru:-'rptﬁﬂﬂf“l‘bm B A30Te pac-
TYUIMX OprasoR B ypoBHeMm cGanaHcHPOBAHHOCTH A30THOrO M yrie-
BOAHOTO NHTAHHA. I:.'\Sune.wuu NATH KOMNAPTMEHTOB W3 nyaa Jabnib-
HOrO a30Ta pacTédna: 1) A30T CTPYKTYDP pacTylleél 30HW  KOPHA]
2) pezepBibi a30T pacTymlefl 30HH KOpHA; 3) 4307 CTPYRTYp pacty-
ULHX HAAIeMHHX opraHon; 4) pesepBHmil 3307 HAICMHEIX OPraHoB M
5) azor, pacxoayeMmufi na obHopaende GeakoR  YHKUHOHHPYIOUIMX
opranos, H3 skcnepHMenTaibHEX ZadnHHEX W TeopeTHYecknx obobuie-
uifl, caeaannux B patotax [11, 42, 43, 119), erenyer, uto npn cha-
JAHCHPOBAHHOM NHTAHHN A20TOM M YrJAeBOAAMH a30T, NORAOLIEHHER
pactyuled 3omofl KopHA, pacXoAyeTcH B 3TO 30HE, 2 A30T, NOTIOMEH-
HER DYHENHOHHPYIOMER 30HOH, NogaeTcid B HAAICMHLIE OPraHbl.

CropocTe NOTAOLIEHHS B30Ta pacTvileil zoHofl  KOPHA  ONHIEM
ypapsennen Muxasauca—MenTen, cUHTaA, 4TO pAacTyllan 30Ha no-
CAOILART @307 TOVILEDG AKTHEHBIM [I:F'T‘El'l

dNabap gy NS N !
et T Kogns T N Frians (Ts) Mege, (2.26)

rae }'*:"’“rqf — 4307, NOrAOMEeHHBIl  pacTyiedl 30HOH KopHA, © N;
Mpge — CYXaA MACCA PACTYILEH 30HW KOPHA, T

Gl




CROpOCT HAKONJCHHA AJOTHCTHX cOeNWHenufi, KOTopue MOryT
BRAKMHTRCA B CTPYKTYPH PacTyileli 4acTH KOPHA NPH YCAOBHN, 4TO
AAR pocTa AOCTATONHO YIAEBOAOR, ONPEIeNfercd No ypapHeHHID

dNF2 4 :
d-;‘ T h.'rl':.l'i:l' + hr.frl,.- IEET}

rae N’l'ii“‘ 4307, NOTEHUHAABHO AOCTVOHBIA OJA8 CHHTC3A CTPVETYp
KOpHA, I' N; Nes — pesepBHbiil a30T, HeHCHOALIOBaHNHA Ha pocT

B ﬂpE‘,ﬂ.lllEC'l']!:r'HJJ.llllﬁ MOMEHT BpPEMEHH, I' M,

Eh}fllﬂuilnllﬂp}'mlll.ﬂﬂ A0HA NOTADUIAET A30T KaK AKTHBHRM NYVTEM,
TAK H ¢ TPAHCNHPAUHOHHMEM TOKOM:

dNabeyp,  dNGh; Ng N
PR R+ Mg | Nans (T5) Mrpn + =i (2.28)

rae Naws , — 8307, NOMOWEHHE QyHKUHORNpYIOWeR om0l KOpHA,

r N; My —cyxas Macca GyHKUHORHPY OISR 30K, T.

Ecan poct He AHMHTHPOBAH KOAHHECTBOM YTrAEBOLOB, CKOPOCTE H3-
MEHEHHH KOAHGECTBA 230Ta, KOTOPOE MOMET OHTh HCNOIbIOBAHO A8
POCTd HANIEMHNX OPra’HoOR, ONHIIEM VPABHENHEM

daN{fZ
1?{.*’_ Nnb:,-fﬂ ‘I‘ Nrﬁn -+ H_f_,.nn {2.29]
rae N7 — a30T, NOTEHUMANBLHO NOCTYNHHA 08 CHHTe3a CTPYKTYD

HaAseMHHX opranos, r N; Ny — pesepBumil 84307, HeHCNOJbL3OBAH-

HHH Ha POCT HAAIEMHEX OPraHoB B NPeamecTBYHMUMT MOMEHT Bpe-
MeHn, r N.

Pacnpenenenne azora Mexjay PacTYULHMH HAAEMHBIMH OPranaMu
MOAEAHPVETCH HAMH, HCXONA H3 YYeTa noTpefHOCTH  3THX OpraHon
B a3oTe. 3anava cOCTONT B ToM, uTOOM BHOpaTs NOKA3ATENb, XapaK-
TEpH3YIOULHA noTpelHocTs pacTyllero oprana B asote., Ban Keyaen
[153] npeanaraer onpejenntn 3TV MOTPESHOCTE MO PasHlue Mexny
MAKCHMAJLHO BOIMOGKHEM Ha AaHuoft dase pa3sBATHA oprada coaep-
MAHHEM 33074 B HEM H HMERIIHMCH B HajHuHu, Taxkas npeanocuka
ofoCcHOBAKA, HO TPYAHO peaaunsyema. Mu npefaaraem caeavioilnf
NoOAX0] K OUCHKE MOKaslateqd norpedHoCTH. EcAH CPanHHBATE KOJIH-
YECTBO a30Td, HCODXOAHMOE Q48 pPOCTA Oprana B JaHHEA MOMEHT Bpe-
MEHH, ¢ TéM, KOTOpOE HMeNoCh Ha MpefLAYIIHA MOMEHT, TO OKAa3lM-
BAETCH, 4TO CPa3Y NOCAE HHHOHAUNH OpraWa A48 ero pocta neol-
XOAHMO YABOEHHOE MO CPABHEHH) ¢ NMPeAMAVIIHM KOAHYeCTBO a3oTa,
NOCKOJALEY B 3TOT NEPHOL OPrad pPacTeT 33 CHeT JeNeHHH HKASTOH,
B zakonunBIING pocT 3peanf opraH AOIFHO MOCTYNATH asoTa Ha off-
HoBaenne Genaxom (W obmiero azota) 0.1 % (no gandwM, npuBeneH-
s B [145]) man 0.29% (no panmmwm [63]) or Toro KogNYecTRa
430Ta, KOTOPDE HAKONJAEHO B OPraie Ha MOMEHT OKOHYAHHS ero pocTa,
Takum ofpasom, napamMerp, Onpefenswliufl noTPelHOCTL a30Ta
B OpraHe, MEHAETCA B 33BHCHMOCTH OT (Ja3H €ro pasBHTHA OT MaKcH-

G2

MAaALHOTG 3HASCHHA B HAYAABHEG NEepHON POCTE A0 MHHHMyMAa OpH
CHOHYANHH [T,

J{-\.-:I‘:‘ﬂ.l.l: mj'il";l".‘_mln
T 3 (2.30)

rae H';;'—napuuerp-, XapakTepH3yIoInA noTpefHocTe B asoTe i-ro

HRy s H

pacTyuiero oprada, OespasMepHbIR; ﬂ";,:““ — napaMerp, XapakTepH-

aywuni  moTpefHOCTL B a3joTe (M0 OpraHa B HaYaAbHHE nepHog
pocra, OeapasMepHuI; K'_E;:“‘"— napaMerp, XapakTepusywomni notped-
HOCTH B a430Te |{-ro OPrada npH 3aBepulendH  pocra, GespasmepHbii;
2 T —cymua sddextupumx TeMnepatyp, “C.

Kak 3710 caeayer M3 gamnmx o HIMeHeHHH colepxanna OGeaka
B OpraHe no smepe ero passuta [B6], napamerp .Flf_::.' YMEeHbIIaeTCH

0 BPeMEHeM SHCNOHEHIHANLHO,
|ﬂTPEﬁ]!1}ETI- (=10 PACTVILErD OPrafa B azoTe ONpefeqHTcs H3 co-

OTHOWIEHHHA
" |
N'rr:,tr T H"ung:': f* 1’,2.31}
rae Nt — noTpefHOCTL -ro pacTyilero oprada B asoTe, r N;
lagr

Nr.!m.!r — COJepHanie a3ara B i-Mt aprape B ﬂPEJIlI.iEETE}'JﬂI.I.I.IIﬁ MOMEHT

BpeMeHH, r N.
Herpyauo teneps onpesennTs OTHOCHTEABHY IO NOTPEGHOCTL B a30Te
PACTYILIEro {-ro opraua:

1
rel n | n
KN =N | Z. NEppgr (2.32)

Tae Kg-’ﬁ'—napnm':p. Onperendninfi OTHOCHTENAbHYD NOTPedHOCTR
el |

B 830Te {-ro opraua, GespaiMepruii.

3HaA KoAuecTRo NabHALHONO A30TA B HAA3eMHHX OpPraHax M oT-
HOCHTEALHYK) NOTPeOHOCTE  PACTYUIHX OPraHoB B A30Te, 3aNHLIEM
YpaBHeHNE 407 CKOPOCTH BEJAKYEHHA a3oTa B CTPYKTYPH (-ro oprana

N d‘ﬂﬂgf ol
gy K s (2,33)

rae NP°' —copepaanne asoTa B CTPYKTypax i-ro oprada, r N,

ingr

3Han coaepiaHie #3074 B PACTYUIHX HAA3EMHBX OPraHaxHB pac-
Tylel 3ome kopuell, a TAKHME 3HANEHHE Y, MOXKHO ONPEleNHTh KO-
AHHECTBO ¥raepoa, HeolSXoaMoe 144 BEAKMEHHA B CTPYKTYPH HMe-
nerocd KOAR4ecTBa a3oTa. Ha Jnandom 3Tane PasBuTHA  Moxean
IHAYEHHE Y, PACCMATPHBACTCA TOABKO Kak QYHKURA cyMmE sdexThB-
HEIX TeMNepaTyp, @ 3HadeHHe y; AAA HAAIEMHBX OPraloB KOPpPEeKTH-
pyeTcs YPoOBHEM @a30THOrO M yraesoanoro neTanid. Onpeacaum
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HeobXoaHMOe A8 pocTa NPH AaHR0N oGECMeYCHIOCTH AI0TOM KoJnqe-
CTHO YrJA€poja B NPeainoJomeHHH, 4TO asoTHOe: W yraAesolHOe nNHTa-
HHe cOaTancHpoBa i

acze! anye!
_-.I?}er(wrnf +“ﬁ)¥:_cﬂufp ii.ﬂ'”

! s pind
dCifr, —(H e LT _
o = Hagr i Ty T ‘fegr®

(2.33)

rae Cf;j—:.rmepm. HeoOXOANMHE a8 pocTa kopusa, r C: y,— 3na-
uenne C/N pactywell zonm kopnefi; 1:{!*"’ — YIJEpoM, HeOdXomnMbli
- Ligr
AJR POCTa {-ro HAAIEMHOrO Oprama; ]'T"'d—:tE[-H'IEHHE C/N i-ro pacry-
s

Hlero Hag3eMHOrO Oprada npe cOaaaHcCHPORANHOM MHTAHIH,

Hroln OUeHNTL cTeneHs AMcGAAaHCA MEeRAy YrACBOAHKM H a30T-
HEIM MATAHHEM H, CAENOBATEALHO, ONPENenHTh HAJAH4YHE H  OfLeM
¥rAeBOAHMX H 230THRX Pe3epBoB H HCTHHHOE IHAMEHHE COOTHOUIEHHA
C/N pacTylinx opranos, HaiieMm KOAHYECTBO JabHALHLIX YrieBoaos,
KOTOPLIE NOTEHIHAABHO MOIYT GLTH BRAKNEHH B CTPYKTYPL.

Coraacwo xonuenuun Topwan [213] o6 sdexTnsRocTH npespaute-
HHA YrAeBOAOBE B CYX0€ BEUECTHO, NPHMEM, 4To Jaliibibe YrAeBOak
H3 nyaa BRANMAKOTCA B YeTHPe KOMNOAPTMEHTAa: 1) YrACBOAW CTPVE-
TYP PacTYURX OPraHob; 2) YrAepoad, 3aTpauHBAeMHE HA JHXaHAe
NOALEPKANEA; 3) YraeBoaw, 3aTpauHBaeMbie Ha AWXanHe pocTa M
4) pesepenwle yracpogsl, Caegyer oTMETHTh, WTO HCCASLOBATEAH O-
HOR H3 BeLyUlHX rpynn, paborawlinx B naHHofl ofaacTH, nojaraor,
HTO B MOJEAX ¢ WaroM cyTEH H Godee Y9eT pesepBoB accHMHAATOR
He HMeeT cMuicta |182) Mu noaaraem, wro 3To cnpapenaHBo ML
anR cayuana cGanamcupoBannoro nutanus. [eficTeutensuo, pezepsos
yraesogos He GYNeT OTMEYEHO NO HCTCMEHHH CYTOK, ecal cHalienne
430TOM AACKBATHO WM H36HTOUNO (B nOcAeaHeM cayuae dukcHpy-
WTCA peaepbn asora). Ecan asoTa HeaocTATOMHO, OCTANITCH PE3EpBH
yraesoaos. M azoTuue W yYraeBoaHMe pelepBd WrpawT B NOCAedyio-
HieM peryJsTopHyd POJb.

Cropocts obpazopanua J20RALHEX YFAEBOAOBR, AOCTYIHHEX 108

BEJKYEHHA B CTPYETYPH PACTYUWHX OPraHoB, OUeHHBACTCH N0 ypan-
HEWH)

'ﬁ:ﬁ i l
—— =Y (Clas + Cle: — RM), (2.36)

rae C¥ — YrAeBOAH, NOCTYNHHE OAH BKJAOUEHHS B CTPYKTYpH, r C;

Yo — napametp, xapaktepuayomufl npespamenne yraesofos B cyxoe
pemecTso, Geapasmepuuwil; CPL —nyn nalnisHux yraesogos pacre-

s, r C; CP — pesepBiibe YI1eBOAM, HEHCAONLIOBAHHME AAA CHH-
Te3a cTPYKTYP B npeauayminfi moment npemens, r C; RMp — amxa-
HHE noafepxanua, r C.

fi4

EZH;U-[.'I'DI:T'I: ABXaHHA NOAAEPHAHHA CTPYETYP ONNCHIBACTCH YpanHe-
HHeM

d R Mp [T 4= 28) 10

ai = kkﬂﬂ[u JHp]k{lr:!. {2'3?}

rae kpy — Ko3dduUnenT, XapAKTEPHIYIOUNA 3aTPaTH YrAes0goB Ha
Auxanse nopaepHanud, r C- (r c.n.)™" Qu— TemnepatypHulii Kosd-
dmunent auxanun; T, —temneparypa, °C; My —cyxas Ouomacca
pacTeHnn; Eonr-— NapaMerp, XapakTepHIYOURA BanAHHEe (azu OHTO-
repesa.

Utole onpesenTs HAJANYHE H CTEneHbL Adchalanca Mexay asor-
HEM B YrAeBOAHEM NHTAHHEM, OUEHHM PASHHALY MEHAY HMEOUHMUCH
B PACTEHHH Ja0HALHBIME YIACBOAAMH ¥ TPeOYRINMHCA 194 CHHTE3E
CTPYKTYP NpH AaHHOM KOAHYECTBC a30Ta:

Ff":f‘; irsgr
-'-—'r":— = C!:f[ — E-:‘-r o El ":-Ij_q-; " {2‘35}

Ecan CF =0, 70 asoThoe W YrACBOAHOS NUTAHHE NOJHOCTHIO cha-

JAAHCHPOBAHE W NYAW A30TAa N YRICBOAOE NONHOCTHK) 3aTPaveHi Ha
CTPYKTYPHEI pocT. B Takom cayuwae npouece pacnpefeaeHus cie-
AYET CHHTATL 3AKOHYEHHHM H Pe3yALTAT PacnpefcieHHs 3anuuerc
cAELYIOUINM ofpazon:

dcfte - dopet

e
e (2.39)
dNEe dNPet
e o Lo EC N o L
T B | ) (2.40)
::;_qr . h;:_ {2 ,,“}
T, T 3
dH.EJ‘J" dufﬂl
lege Isgr
dr T T (2.42)
dCP
=0, (2.43)
anm
d;""* =10, (2.44)
Vigs =i, (2.45)

Ecan C¥ =0, 570 rosopar of H3buTHE yrieBoA0B H HEAOCTATKE
azota. B caydae, ecAW 3HAveHWe yi, HE NPERWINAJI0 MaKCHMAIbHO
BOIMOMHOTO HA Aannofi ¢aze passWTHA OPraHa, NYTEM NOCTENEHHOrO
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= JINE - nt ] =
NOBLIEHNA Yy (e B Yo ) cuMzim 3unavene O . Toraa pe

ayNLTAT pacnpeneacHid 3annuercd B BHIE

Im.--.u.-- C_rl:rr:'
ffrgr Tirgr B
T I |, ke.40)
mH Y <y, Sy n Cha =0,

rae CPoE — cofepaanie Yracpoda, neodXoAnsMoe AA8 pocTa i-ro Hal-
rr.q!:
3EMHOrO Oprana NpH HeaocTaTke asota, r C; yPO%— MaKCHMAALHO

¥
BOMOMHOE SHANEHRE ¥, NPH HEAOCTATHE a30Ta.
Takan KOPPEKTHPOBKA IHAMCHHA Y M HacTHYHOE (BAH nNoAHOE)

YOTpaReHme Anchasianca MPHBOAAT K CHIHEEHHE) NPOEEHTHOND CO0Cp-
HMAHHMR a30Ta A0 IHAYEHHSA, COOTBETCTEBYHILULErD HHAKOMY  YPOBHE

d3I0THOMD NHTAHNA. E':-'"' ITjrE "f'il,__,r ___1-?1.“ BCE He OCTamwTed pe-
i Lagr

SePEH  VIABBOA0E, HeOOXOANMO OUCHHTh VPOBEHL A30THOTO CTPECCA.
[lpumes, 9To HAMAJAOM A30THOMO .CTPECCA HBJAMETCH MOMEHT, HOrAa
KOHUEHTPAUHA YILASBOA0R NPEeBMIIaeT 3Ha4EHHe, NPH KOTOPOM Ha4m-
HaeTcA nojapjedne QOTOCHHTESA, 4 CALLOBATEALHO, CrpalHYenine po-
CTa BCASLCTBHE HelocTaTha vrhaeponon. [lpn wenoctatke azota HoAL-
ee EOJAWYECTBO a30orTa OCTAETCH A08  pocTd HD[JHEI'—!, NOC KON LHY
B 3TOM cayudae AcficTBYeT NpHHUHN Mop(oreHeTHYEcKOre rpajgHenTa.
Torga u€acti asoTa, NOrACERHOro QYRKUNOHHPYIMLER 30HOH, pac-
npefeseTca B pacTyilyio 3ony, Momno npunate, uto kosddHunent,
PECYANPYIOULH 3TO pacnpefeleHie, H3MEHALTCH OT HYJAR [echAH Kon-
UeHTPallH YrACBOJAHEY PE3ICPBOBE MEHLUE MHHHMAALHON HKPHTHUYE-
ckofl RonueHTpaunn B ypasnennn (2.10)] ao CAMHHLE [ecan KOHLEH-
TPauHs YrACBOANWYX pPe3epBoB GoALIE MAKCHMAALHON KPHTHUECKON
Konucutpannin B ypaesnennn (2.10)]. [lpepaaraemas  Hamu OUeHKa
430THOTO CTpecca ocHoBaHa Ha npeacramnemnax  [puneyaa [136],
COTMACHD KOTOPEIM AIOTHHG CTPECC PACCMaTPHBACTCA KAaK JA0JA, Ha
KOTOPYIO CHHAAETCA CHKOPOCTh POCTR PACTCHHA MO CPaBHEHMID C MaK-
CHMAABHOR CKOPOCTHIO MPH HEANMHTHPOBAHHOM CHaOKEHHH A30TOM,
uﬂ*‘TH EMOICNBHONG® '|:||:Iﬁj[¢:'|.’.i-|.]_'.;l1':t|.l|1! STO0 CHTYALLNA JIOTHHHL IIP!!HHTH,
4TG0 ¢ BOIpACTANHEM pe3epRoB yraesojoe  oT 15 ao 457 ypomeHs
asoTHoro  crpecca moapactaer of 0 ao 1. B nepsom npransenni
MOMHO NPHHATE 3TO BOSPACTAHNE AHHCAHLIM, XOTH, N0 LAHHBIM [136].
ero caelyer onpcaTh IKCHOHEHTOMN.

BanAHie A30THOTO CTPECCAa Ha pacnpelefeHHe YYHTHBACTCA Ha
caeaviomes mare moiend. CKOpocTh NOCTYIEHNR A30Ta U3 @YHK-
UHOHHPYIOLLEH 30HH KOPHA B HAAICMHHE OpPranu 3anuilercd B 3TOM
.l 'rl.'“lFJ-I.1 B BHAE

dNiS,  dNave,p, o
Are i T (1 — R} + Nisar, (2.47)

66

rae NE“'2 — cofepaatne asoTa B PACTYULAX HaAIEMHEX OPraHax npw

gr
HeaocTaThe asora, r N; by — xosdduunent, xapaktepnayoumii ypo-
BEHL 30THOTO CTPECCa,
KoawuecTso asora, ZocTYNHOe AAA CHHTE3Aa CTPYKTYp pactyuef
JOHB KOPHS, B TAKOM CAYYa€ BO3IPACTAET H CKOPOCTh NOCTYNAEHHA
230TA B PACTYULYE0 30HY 3anHWETCH B BHe

dHI:iIJE d”uﬁj AN o
FEF = rge + H2Tr I n k_'o.:_,“ {E-4BJ

dr dt di

Tpod® ; =
rae M 2pd COACPHAHNe a30Ta B pacTyulell 30HE KOPHAE NpH WeLlo

CTaTHe asora, rr N,

Takum ofpasoM, BeAelcTBHE oOTBAeYeHHd OO0ALWIErc KoJAHYECTBA
A30TH HA PocT HH'#]!E‘E_[ B KOPHHE TOCTYIOHT B GOILILIEE KOJOHYEETED ¥r-
Aepngos. B wTore ckopocTh pocTa KopHed GVIeT BO3pacTatk H cyxXas
MACCA HX TAKMEe VELAMYHTCH B CPABHEHHN ¢ MAcCoill NpH ajekBaTHOM
asornom nuraunn. [Ipw AanTeabnHOM A30THOM CTPECCE cyXas Macca
KOPHER MOMET NPEBLCHTH CYXYI0 Maccy HAAIeMHHWX OpraHoB (Ha
fote o0IEro CHHMEHHA POCTa PACTEHHR, BRIIBANNOND HEIOCTATHOM
aszora).

Ecan npn ouenke yraepogHoro GajaMca OHA3LBAETCH, 4YTO IHAYe-
e CF =0, 370 ykazmsaer na nabuToK asota. sYerpanute» (noa-
HOCTRID HAH HACT H'IH'L'I'} IIZ!ﬁLd'I.'IZ:II{ 23073, AN ZIHAREHHE T"-.q He GRI0

HIGEE MHERM3JLHO BO3MOMKHOTO Ha aannofl dasze pa3snTHa oprauda,
MOEHO, YMEHLWAR ¥, (He HWEe P7) H NOBRILAR TeM CaMHM 3Ha-
s

venne Cr . Ecan npn KakoM-1nGo 3naueHmn ., OGoasimesm wan

pasoM yM°  3nasenne C¥  ofpawmaerca B nyas, 10 anchaaamc
[

CACAYET CUNTATH YCTPAMECHHLIM W COACPMAHNWE YrAEPOAd B CTPYKTY-

pax i-ro pacTyulero HalIeMHOTO OPraHa 3andiieTcA B BHE

IClrgr  Clirer
T | (2.49)

A ] Jmld il
mpH  ¥i, - S=¥i, < Yi, # Cram0,
rae C{r’:“" — COAepiaHNe YrAeposs, HeolXOANMOE AR POCTa  i-ro
-cgr
HAZ3eMHOro oprana npu nsbuTRe azota, r C; Y29 — yuxMaabHoe
¥

IHAYeHHE y;,  npn HabuITKe a30Ta,
KoppexkTnpoBka snauenns y;_ # wacTwumoe (nau noamoe) yerpa-

HenHe AHCOANaHca NPHBOANT K VBEAHYEHHIO CONCPMKANHA  a30Ta
(B npolleHTax) RO 3HAuEHHH, COOTEETCTBYIOUIErD BHCOKOMY VPOBHN
a30THOrO nuTanns. Ecan yerpannts, awcbasanc me yaaetcs name npH
MHHHMaALHOM IHAMEHHN Yy, ., 3T0 FOBOPHT o .';I-frﬂ“'lrlTE'."Ilpl-rl:_:lM nadTHe

azora. Toraa, NOCKROObKY COTTACHO HKOMLeNUuM MoporeHernueckoro
NPHOPHTETE NPH HEAGCTATES YrACBROLOB NMPHODHTET B HX HCOOALIOBA-
HHH NpHHATACHEHT HaL3eMHBRM DRprafnaM, HElOCTAMILE: KOJAHMECTHO
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e e e i L

yraesoaos scuumaercar ¢ xopuefl, B peayawtate poct wopheit chu-
HACTCH H NpH SHAYHTEALHROM HEIOMTHE 830T3 MOMET NMPCHPaTHTRCA,
T. € Oyier HalamiaTtiecR OTPARJACHHE PAcTeHHs H30BTHOM asoTa,
B stix CcAYHWAAN BEAKYMEHHE YrASpona B CTPYKTYDRH [I-E'I.L"I'!."I:I.l;l,rﬁ; A0HE
HOpHA CHHAMASTCH [0 CPABHENHKY ¢ AJCKBATHHEM YPOBRHEM A30THOMD
NHTAHHA:

zir «nif
dCiy _ 4Chg oot
= —| Cles |,

dr dr -h

rae C',j;r— YyraAepod cTPYKTYP PacTyllef oW KOpHA npH  u3butee
azoTa, r C.
Pezepan 830Ta ONPeJeJsTCA MO COOTHOLIEH K
r.l',H"'” dHi!I‘r

anl rir

Fep = ar — T [EEI}
ru.]‘iI N7 — @30T CTPYKTYP pacTylleR 30HW KOPHA npH HaluTHe a3oTa,
r N.

IHauenHe Z*-.’:‘q: onpefenseTcs HCXOAA M3 awavennn CHr:

dm:,r;r gir | 5fr -
T:{‘:rg.!.""r‘rj'_' rgrs {E,-’.&E]

Auag COAepAaAHHE CTPYETYPHOrO Yraepoaa H a30Ta B THAHK,
A TAKME COACPHMAHHE PEILPROB’, MOMHO ONPEAEAHTE  KOAHUECTBO
npouRGcBAIaHNEX yraepoauux crpykTyp ([ICTC) — yraesosos kae-
TOUNMX CTEHOK; cAafoCBAIAHHWX yraepoawux cTpyktvp (CCTC) —
I-I:l:l'a:'-i:'il.ﬂ,-'lﬂ'r I:!.'IHﬁEIL‘HHEH.]IHIJH crp}'}:'r:.'p. {!{}_,'.'I_EP-:I-HH“[HH _&'r..'ll."l’:ll}.'.l_ H A30T
{CCTCN),— Gearon; aabuaenuyx cTpyktyp (JICTCN) — amunoxne-
Aor: aaduasnoro azora (JIN) — auTparos.

Pacnpesenenne 230Ta M YLASPOAA MEHKILYy OTACALHHMH CTPYKTY-
PaMH ONMHLIEM CHCTEMOI ypaBHeHnd

s [ALF
dNf s dH!E" i

[T1T3
d:qu_ o dh‘;: £ d”'urﬂ
a0 o,
d:‘df.r., __ N dNigm A dNig,
dis == ai di ar !
dCrp,  dNipy
di =t Ve
Frr
d['..'l_:w o dr"JIr = d':lpr
df S | [ 1P
defy,  dCRi  dCiy  dCip
ar - i i dr -
ier, l, 5 rep, (2.53)

1 [Tpiirsaetes, 970 pedepBn a30Ta — 3TO HHTPATH, YTASpodl — KDAXMAL
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rae N = —a30T aMHHOKHCAOT {-ro opranma, r N; Nar — CTPYETYP-
, )
&g

HEHl A30T I-r0 pacTyllero opraa, r N; kpa — napasmerp, onpezeaso-
it CTENEHL BEAIOYEHHA AMHHOKHCAOT B GEJKH Ha naumof dase pas-
BHTHA Oprana, Gespazmepubiii; Ni, —asor Geaka i-ro oprama, r N;
L-,_.. . :I-j',‘]-l:lflﬂjl. Geaka i-ro oprauna, r C: Yi, —oTHowenne C/N
B 0elkax AAA (-ro oprawa, Gespasmeprui; Ci,. —¥raepoa Kierou-
HLlX CTEHOK i-ro oprana, r C,

CKOPOCTL HAMEHEHHA CYXOi MAcCH OTACALHLIX CTPYRTYD ONHCH-
BACTCH CACAYIOWHMN YPABHEHNAMHN:
dMi,  dNp,

I_” = |'.|'I' I[.".nr. {2154}
dMi,  dCiy &

o SR f) M, {2'55}
dM;,. dCr.y g

o= ko, &1, 1, 5, rep, (2.56)

rae Mi — conepsanne Geqka B i-M pacTymes oprame, r; M; , —
COACPARAHNE KpaxmMana B i-m oprane, r; M; — coaepmanne peuecraa
KACTONHLIX CTEHOK B (-M Oprase, r; kp,, kca — NepecuetHbie Kosgipn-
IHENHTH,
. Cyxyio maccy pacTyllux CTPYKTYP Beero pactemis Moo Haiitn,
CYMMHPYR MacCy OTAeNLHEX CTPYETYP N0 BCeM Opranas.
CAH B MOAEAH HE NPEeAYCMOTPEH YMeT pacnpeleicHHs a3oTa o
YIACPOA MEKLY OTACALHHMH CTPYKTYPAMH, CKOPOCTL POCTA OTIeb-

HLIX OPTramoB H pacTenna B UeNOM ONPEIEJNETCH CKOPOCTHIO POCTa
CTPYETYP H peiepeon

d M3t aci’ s P

Irl"" - ‘gr i i dm‘;’

dt dt M T —gr— R,
dM%,  dcH, N,

P [ B Bew + ——

T e ~ i ng

g+ {er. 1 s rep, (2.67)

rae M*"—cyxan macce: KTYP, r; MM X
== Wy, T FYAAR Macca cTPYKTYP, r; MR —cyxas Macca  pesep-
BOB, r; Mpyg —cyxan macca pactyumx OPraHoR pacTeHus, r.

- MOMEHTA KOTa B PAcTENHH NOABJSKOTCR thy IRIHOHNpYOWHe |
CTapellie opranid, CHOPOCThE W3MECHEHHR cyxoll GHOMAcCH pacTeHHs
ONHCHBACTCA YPaBREHHeM
I'-’-Hp-r s ﬂ'-#'rn-r_;.r d-'“p.lj'u -:f:“p,l.egq

df - i ar ar " (2.58)

roe 'j"ipl T E}'Iﬂﬂ Macca ]]E'I:TEH HH, I M]’.‘I’_"H — f}'\:aﬂ Macca ¢|]I'H KLLWO-

HHPYIOWHX OPraHoB PacTeHud, r:
\ : » 12 Mpien —cyxan macca
OPraumos pacreHms, r, ;i R

g




CrOpoCTs YBCARYEHHA METal0AHYECKH AKTHBHOM CYXOH HH:.:::: aa-
KOHYHBIINX POCT OPTraHoB PACTEHHA onpelensercd Mo YpaBHeH

i dH.-:mr i
-lﬂ“pj]'n 1= E I'!r {IEIJH}
it - 7] ¥

rAe Mt — cyxaa Macca 3AKOHWHBILEro pOCT i-ro oprama, r.

Ennﬁcemm CyXofl Maccu MPH OTMHPANHH OpPraHos OnpeaenscTed
n3 Gaoka crapenna. Crapenne, BH3BAHNOE A30THHM W {man) wmmlt
cTpeccoM H <ECTECTBEHHOC®, HACTYNAIEE NOCLE I!_E-'ETE'Iillﬂ.n.‘Ell:l:.il?lilml
pyerca uepea pacnaj OeaKOBHX CTPYRTYP- l:_.d.‘.nu cTapemm y -me:ﬁ
Aeno cHmKennem (GoTOCHHTESa B MOCEBC, TO KOAHYECTEO nmlnpmn :
GHOMACCH ONPEICAAETCA HEXBATKOA YTAeROA0B Ha AMXANHE noaLep
Ealilil::’:u APHUATH, TG CTAPEIOT TOABKO 3AKOHWHBUINE POCT u[;r;::g;,
XOTA NPH CHABHHX CTPECCAX BOIMOMUO CTAPeHHE PACTYIINX op :
MOMIIo 3AMNCATE MIMEHEHNE CKOPOCTH OTMHPaHHA GHOMACCH

ﬂ‘-“pln'n
i

= Njaksenkme, (2.60)

rae Nja — coaepaHHe a3oTa BO BCEX seTafoanteckl AKTHBHEX 3a-
KORUMBIIEX pOcT oprawax, ry &% — KoadipiHenT, onpereaniollni

B

NOAK a30Ta, HeoONOAHMYH 10# ofnopnenna OGeaxon; Rag — nepe-
il Kos(pduunenT, -
cq%eanmmﬁfﬁ NPeAJOKEHHONG BAPHAHTA PAachpeleIeHin mnm:::;i_
B cayuae, eCAH MHTanWe pacTedndl claaancHpoBano no BCEM 1;:::; o
ram. [TosToMy Bo3nHKAET HeoHXOAHMOCTL YHETA ohecneueHHoe p:..
crenna Qocopos W Kannem. B HMenuHXca B HacTosllee upea.u: :-:ﬂ
neanx docdopuore NHTaHHA UEHTPAALHLIM qmaurn:]]EmT F:-:m :rm'n-
copepmanne gocdopa (B nppouentax) so Beem nobere [ ].Egﬂ il

X074 HMECT PHA HEAOCTATKOB, KOTOPHe OTMEMAKNTCA 0 B 39]. )
naraes BOIMOMHBM (nockoabRY (ocdop oxaiuBact I’I-.'HJHIIII!!'E' ia EL:.III“
Tes GCAKOB) YUNTHBATL KOAHHECTRO thocopa Kax [!lﬂ.r'ru..llll:l'_;ll::ll ED
(pakTOpa wepes CoOTHOWEHHE P/N. 370 cooTHOWEHHE I[[:IHH.JHS ﬁmrrm-
koe Koamwectso dochopa obecnednBaer YcBOEHHE EII.II.III1'I1-1. {hr..
mennoro asota. B caydae efasancnpopauioro no asory M ipocopy
IHTAHHA AOAMHO cOBAIAATECA eaeylollee paBenCTBO:

. 2.61
Prses = ?PH{ FL; + ‘“T.:;rjp i )
rae Paeed — HEODXOANMOE KOJAHRYECTRO dochopa, r P; ypx — OTHOWE-
nne PN,

B cayvaae, ecan HeodXoanMoe KOJHHECTBO ipocthopa ﬂn.:u.un.j e~
meroca B PACTEHRN NYJd, 3T0 03HAUAET HEAOCTATOK pocpopa u ke
nonnoe HCMOABIOBAHHE A30TA HA CHHTE3 OeIkKoB. B pan:'rm!uf:: CKAAa-
AWBAETCA CHTYALNA B 3HAUNTEALHON Mepe anatormuiHas ToH, KOTO

¢ a30Ta.
ad HalawaaercA NpH HeROCTaTR :
; Bozmodken W APYrod nyTh y4eTa BAHAHHA ipocipopa Ba pocT H pac

il

npeieaenie. On cersad ¢ onucanweM postefictens docdopa wa snep-
reTHIeCHY 0 HPPeETHEHOCTL AMXANHA H B CBA3ZH C 3THM C BHECEHHEM
NONPABOK B KOPHUNCHTH ABXAHHA POCTa, NOCKOALKY [pH He1o-
cTaThe chochopa BOapacTaeT A0AR HeconpamenHoro ¢ docdopranpo-
BAHHEM OKHCAEHHA IAWKOIHW, 8 3Ma4YHT, 0 A0I8 cOecnoJesnoros Au-
KaHNA,

Mogeanposanne BAHANHA KaJAlA Ha POCT N pacnpeleaenne npei-
CTABAACT IHAMHTEALHEE TPYAHOCTH B CBAZH € €ro noandyHEURoHaAL-
noll podsio B Ausun pactenns, Ha aamnom stane passntia sogean
M VYHTHBAEM, BO-NEPBHX, BANAHHE KadWd HAE YTHANIAUHIO as0Ta
|203]. lNockoasky TOHKHE MEXaHH3MB cHHTe3a 0eika HaMu He Moge-
ARPVIOTCH, TO BAHAHHE KAJAHA MOKET OBITL YUTeHo AHAAOCHYHO BIHA-
uio pocopa uepes coornowenne N/K. Ha oanom n Tom me done
A30THOMD NMUTAHHA YBEANYEHHE J03W KAJIHA aKTHBHPYET Meraloanye-
CKIE NYTH NpeBpallennii a30Ta, B Pe3VALTATe Hero OGMEHHWE Npo-
Heccud NPROGPETAINT HANPARICHHE, AHAJOTHUHOE TOMY, KOTOPOE CKaa-
AWMBAETCA NPH NOBHIIENHKX go3ax azota, Hanpumep, yoeauuenne
A0FW HAJAHA JamMe NpH JOoB0JLHO HE3IKOM YpPORHE A30TE& NpHBOINT
K BO3PACTAHNID OTHOWEHHA «nofer—Kopedss [203) Bropws kana-
JA0M, N0 KOTOPOMY BOIMOMHO YVYECTh BANAHHE KaAHH, ABJIAETCH €ro
BOIAEHCTEHE Ha HHTCHCHBHOCTH (POTOCHHTE3A Yeped H3IMEHeHHE eMKo-
cTn ctoka (sink E;lpafil;'}, a4 B MOISAN — 4Yepes namenenne GyHEnnn
Frp(Cre) B ypasaennn (2.11).

Chenyer oTMeTiTh, 410 Ha doHe A0GOT0 AaHHOrD YPOBHS MuHe-
P&ABHOO NHTANHA BCACACTBHE o MAYKTVAURA, BHIMBaCMWX Ye/0-
BHAMEH BHEWHER cpean, BAHAWMHMH HA NPEBPAULEHHA MHHEPAJLHLX
FIEMCHTOB B MOYBE, BCETAd BOIMOMHH CHTYALMH, KOraa NCOOILIOBA-
HHE OAHOND HTEMEHTA OrPAaHHYEHO HeJOCTATHKOM WAN HA0WTKOM Hpy-
roro. Pactenne ypaBHOBEIIHBAET 3T0 HECOOTBETCTBHE, PervAnpys Hc-
MOALIOBRHHE (HA CHHTE3 CTPYKTYP) YIACBOAOE H MHHEPaALHWX e-
MenTor B3 nvaop. Ecan e pacTeHne ¢ caMoro Hasana BHpalLNBacTeR,
HANpUMep, Ha nodsax, DejHRX a30ToM, TO € CAMOMO HAWARIA q}gp_l‘.":.
PYETCA COOTBETCTRYWOULEA 3TOMY VPOBHI NHTANHA radNTYC PAcTEHNA:
B AanHOM cayuae npn obulefi HH3KoR CROPOCTH POCTA  OTMEYAETCH
pazpacTanie KopHenodl cucTeMd. Toraa peryasuns  HeNOAL3IOBRHHH
MYJ0B NPOMCXOANT Yie B npelenax clowkusierocs rabutyca pa-
CTEHNHH,

[Motokosas auarpamwma cyGuMoaein pacnpeisieHia ACCHMHAATOR
npeicrasieda na pue, 2.3, '

UYrof peaiwsobats pacnpegenene a3ora CcoraacHo npeaaarae-
MOMY HaMH NPpHHLHNY, NeodXoaHMo 3HATh CYEVI} MACCY pPacTvILes
PYHEUROHRPYIOWER  30HB KOPHA, T. € HeoOXOANMO OUCHHBATL Ha
KdALOM lare MOREAN, KAKAR AOAA PACTYILG] TKAHH KOPHA 2aKon-
WHAR POCT H Kakad 4048 QYHKUHOHNPYIOILEH TKaWu oTMHpaer, By-
A€M HCXOAHTE H3 TOro, 970 B Awlofl MOMENT BpeMenn B  KopHe
HMEETCA 30HA NEJEHHS KJACTOK, 30Ha PacTHMENNs, (yHRUNOHHPYI-
Wasn soHa 0 HeleATeabnas 3oua. [Npemae vem onmeats pazmepu sty
300 B COHHHIEX CYXOfl MAaccH, onHIEM HX B Npeaeaax KoJnuecTBa
KJeTok, CKOpPOCT N3IMCHCHHA  KOAHYECTRA  KJASTOK B MepHcTeMe

il



CNpeieIuM B 3aBHCHMOCTH OT yHeaa AcNAMNXCH H FAaKOHYHBLIHY 1e-

5er

XxtEREe 2 JEHHE KACTOK:
EEEE e ==
= = i i nE (] &l i
Ze §E E 1 H g — =g+ [(are iaenrge) = kfgr KR rgrkrgriirge))s (2.62)
s2F o EX
GEZSES—a §F
Mg= I3 é‘ ‘E‘ rae n™ - KOMHUECTBO KAETOK B MepHCTEME; k::,_;" — napamerp, mo-
EEE EEHE E Ka3upalouAil, KaKas A0JA KJAETOK MEPHCTEMH NeaHTes; k7" — napa-
= Lk
z METP, ONpefedsiomlni HOAHYECTBO KICTOK, 3AKOHWMBLIHX  ACACHHE
= ke — napameTp, onpeACAADMAR AGI0 KAETOR MEPHCTEMH, NEpeulel-
X WHX K PACTAHMEHHID,
[} ¥ CKOpPOCTs N3MEHENHS KOAHYCCTBA KJAETOK B 30HE PACTAMEHHA ONH-
| WEM YpaBHeHHEM
[N . i I
Lk = - i by 'ii_‘. -;E. - I:Iﬂ" (-]
L-1.'.'= ﬁu" ELF Ktt p;t - = d?" — ”:,;'.r o kf]lr"fg'f St H:'grni:'h {2.63}
ATl i )
El I I | rae %, — KOJAMNECTRO KACTOK B 30HE PAcTHACHHA, k{m_ — NapaMerp,
I"l I! | ""'—"I | ONPelenAUNA 10010 3AKOHIHBUIHX POCT KACTOK; n:’;:—ﬁumlqen'mn
| b e __,T TRRGET | ] | KJACTOK, 3aKOHUHBILINX ACNeHHE,
I "“*-..,, - | | [Mpuses, uTe CKOPOCTE M3MEHEHHA cYXOfl MaccH 30H KODHA Npo-
| s £ | | | NOPUHOKAALHA CHOPOCTH M3MEHEHHA KOJHYECTBA KJAETOK B HHX. Torna
| = I | | napaserp 'kT;dr , NOKA3MBAONINT, KAKAA 1048 KIETOK MEPHCTeME Ae-
<]'-—I— —_—— - H'-.. | | ! JAHTCA, ONPeleanT H TO, KaKad AOJA MACCH MEPHCTEME YaBAaHBACTCHS
el 08 -"1 I A A | napametp A% . ONPEASARIOLMA A0 KAETOK MEPHCTEML, Nepeulel-
l - ¢ e I | ] WHX K PACTAMEHHIO, ONPELeaHT H NPHPOCT MAcCH 30HH PACTAMEHHA;
| irll‘l E“_!l"l ﬁE}JI | | napaMerp k' ONpeieaHT NPHPOCT MaccH (PYHKUHOHAPYIOWIEH 30HLL,
! ~ | | t B cOOTBETCTBHH ¢ 3THM A7 CKOPOCTH HIMEHEHUR CYXOf Macchl 30HH
_.Jl \ ';i-.,._q"] /1 | | | MEPHCTEMEl 3aMHIIEM
1|| { a it _ S I ff-"‘TmE md  dip el g om
e | | / : | d; — = Tf' + Rrgrkege {EMﬂ-r} — krgrMrge, {EM]
e, (R :J | | rae M™ —cyxas Macca MEpHCTEMATHuecKoll 30HBI.
ot | I I . ‘E='1—1 | I | CKOPOCThL M3IMCHCHHS CYXOR MaccH 30HH PacTAMmenHa H Bcefi pa-
| I | E,:I_ fid | | CTYIIER 30HH MORHO ONHCATH YPaBHEHHAMH
I I w ke -II il
- b It!-l ﬂ'.‘“ i =
@ L E 53 C]l Il oy BN, LT SR 2 (2.65)
| -,
| . I | | H
I | i | | aM dM] dM*
ivlrgr ey L e
E l | I I " R 2 e (2.66)
I E .
[ : S —- | rae M7 — cyxas macca 30HH PACTAMEHNA.
. e 5 ~g | AHAJOTHYHO CKOPOCTL  H3IMeHeHHA QYHKUHOHHPYHOWEd Mmaccu
k.Y x\. = [ KOPHA ONPeIEAdTCH N0 YPaBHEHHD
e dl“r L}
] M % = Mujn + klgeMigr — kijnMups, (2.67)




rae R = NapaMerp, onpeleisiiiinf 1040 oTMHpaKUlel GHoMACcCh
KOpHA.

Bee nanomennoe cnpaBedinBo A48 OTAEALHONG KOPHA, 8 B paM-
HAX Ueforg pacredif HeoDXOAHMO 3HATH KOAHYSCTEO Kopuefd. B nep-
BOM NPHOJNHAEHHH MOMHO NPHHATE, 4TOo O0LIGe KOAHMeCTBRO KopHed
PACTEHHA ONPEALNAETCH KONHYECTBOM  3APOALILEBHX H  BoKOBHX
KOPHEH, KOTOpOe OUeHNBACTCA 3MNHPHYSCKI.

3anaua cOCTOMT B TOM, 4TO0M, 33148 HAYadbLHWE Inauenus OHO-

. 2 : ol e T
MACC PABAHUHEX 30H, OWEHHTL NAPAMETPH  Krge, Krer Kige B Kifn. Tla-
paMerp &A™ | onpelensiolinii COOTHOWEHHE HMEIIIHXCH B MEpPHCTEME

KACTOK H AGAANLHXCH KACTOK, HMeeT 3uavenne, Gamakoe Kk In2 [I7.
18]. Snauenne napamerpa k4" MOKHO ONPEACAHTH, 3HAS 1POLOIHN-

TEABHOCTE MHTOTHYECKOrD UHEAR H BAHAHHE Ha STOT Npolecc BHEew -
HEHX YO TR, Ecan NPEEVEERTENBHOCTE MATOTHYECKOID HHEAS [
ONTHMANLHEX YCAOBHAX COCTABRAAET ;:JIPF_ T € YHETOM BHEIIHHX ¥C-

JOBNA OHA COCTABHT
to=1F"Fro(Ts) FT (Ws) Fe (N, .0 ), {2.68)

rae fq— pakTnyeckan NPOJACIMHTEALHOCTE MHTOTHIECKOIO UNKAA, w;
Fod (Tg)— DyHKUHA BAHANNA TEMOEPATYPH HA NPOAOAMHTENLHOCTE

unkAa; Frod(Ws) — Gynkuns BAHANNA BAGKHOCTH HA NPOAOAKHTENL-
HOCTh UHEAA; F™(Neg) — QYHKLHA BANAHHA KOHUEHTPAUHH  a3oTa

Hi NPoLOENETeALHOCTE WHETA. ¥
Toraas agaueye kﬁf HAXOAHTCA HA COOTHOUEHHA

krgr=14"[ta. (2.69)

IIGEHMLH}' Mepexo] HACTOK K pPACTHHCHHED CHAE3IAH C HACTOTON Je-

AeHul, To napavMerpu k7Y M kT MOMHO NPHHATL OAHHAKOBEIM,

Onpejeenibie TPYAHOCTH BOIHHKAWT NPH OLEHKE NapaMeTpos kL
W kyn. Tlpn onpesenenmn snavenws napametpa k! momHo omn-

rin’
PaTLCH  Ha  SKCNEPHMENTAALHHE JaHHHE O CTALHOHAPHOM pocTe
Kopus. [lpn craumonapwoM pocTe CHOPOCTH BHXOAZ KJACTOK M3
JoHe  pactamenns [17, 18], a caeaosateawno, H  CKOpOCTL  yBe-
AHYEHHA DYHEUHONHpYIOUWER Maccld KOPHA  PaBHa  CKOPOCTH ne-
peXOaa KACTOK K pacTamecHHi (T. €, CKOPOCTH YBEAHYeHHA cyxof
Macel 30HM pacTamennn). [lpn  MenslowHxcs  YoAoBHAX  cpead
5Td 3AKOHOMEPHOCTH Hapyvinaetcd. Hanpumep, napectio, uTo npoioda-
HMHTEALHOCTL PACTRMEHNA COKPAllaeTcd NPH NOBHIISHHH  TeMmnepa-
typu. Takum ofpazoM, npe NOBHIIEHHH TeMAEpaTYPR A0 ONTHMAIL-
HOTO AJA POcTA KOPHA 3HAYEHHA CKOPOCTh HAPACTAHMA (IYHKIHOHN-
pyioiiefi Mace KopHa GyaeT YBeAHMHBATLCH, 8 3aTeM CHH3NTCA. 370
MOMHO YHECTh Mepes cOOTReTCTRYIOUY dyHKLH0 BanaAnud. Yrto Ka-
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CACTCH DUEHKH k:;':. TO aHAJOTEYHEM 0OpazoM, 3HAH BPEMA HHIHH

KASTKH B GYHKIUOHAPYIOUIER 30HE MPH CTAUHOHAPHOM POCTE, MOMHO
onpefeNnTh COKpALleHHe HAH YAJINHEHHE 3TOTO BPEMCHH NPH HIME-

HEHHH BHEIHUX YCA0BHil, .

Ilas peaansauni NpeLIaraeMoro BapHaHTa pacnpeiciciii Heoh-
XOAHMO IHATHL BPEMA HAUaJa BHANMOTO POCT2 Oprafa o OKOHUWANHA
pocra. Ha nawnom stane paspaGorvii MOAeaH AMNTENLHOCTL NEPHOAA
pocTa OpraHa PacCUMTHIBAETCA NO CYMME spPeKTHBHLE TEMNEPaTyp,
OAHAKo GOJEEe NePCNeKTHBHEM ABIACTCA Pactuer Ha OCHOBIHHUN AmHia-
MUMECKOR MOAeAH passUTHA, NOCTPOCHHOH, KAK H MOLedL pachpeie:
AEHHA ACCHMILTATOR, MO MEXAHHCTHHECKOMY THIY. Hecuorps na Gogb-
wofl NPAKTHYECKH 1 TEOpPEeTHHECKHT HHTEPLE, KOTOPLIL NpeIcTABIHET
cobofl MOACIHPOBAHWE pasBuTHA pacTenud, sTa 006JacTh 00 CHX TOD
QCTACTCRA «0edHM NATHOM® B MOIeAHPOBAHWH NPOAYKIHOHHOTO NpO*
necca pacrehnii, Ha ypoBHe 1eaoro pacTedds AMHAMHUECKHE MOLEN
PAZEHTHA CCALCKOXOEANCTBEHHMX KYJAbTYp HE pazpaGaTHBaANCD.
CaasHas NPHYHHA COCTONT, HA HAW BICAAA, B TOM, HTO B ||‘=:|:m<:rﬂ MO-
AedN PasBHTHA, AAEKBATHO OMNNCHBAKUIEH MPOUECC, AOMAHA L’rm_h
dopuannzoBana opranoofpasoBaTeabian  ACHTCABHOCTH BEpXYIIKH
noGera W KAYECTBEHHAA €€ CMEHa TPH Nepexoie OT BErETATHBHOTO
nyTH PAIBNTHA K PenpoLYKTHEHOMY. Takoe MOoAeIHPOBANHE HA MHKPO-
yPOBHE TPYAHO COOTHECTH C MAKPOYPOBHEM ANHHHOMEPHOMRHX AHHA-
MUHECKHY MOoaeaei.

PaccMoTPHM KOHUENTYANBHYIO MOAEAL PazBlTHA, pazpaloTanayo
B [59]. PaspuTHe BHCWEro pacTenns neaeconipasHo npeﬂ.cfaaﬂ‘r;
KaK NPOUECe Peannsalii 3anporpaMMipoBaHHby B FEHOME H3IMEHEHH
dynkuuoraasHoil 1 GopuooipasoBaTeasion AEATEALROCTH, AeTEPMH-
HHPYEMET YCAOBHAMH BHEWHE cpeau. OnpefeadnuMn B paspuTien
Ie0ro pacTeHHi ARAAKTCA: _

1) opranoo0pazoBaTeIbHAA JEATENBHOCTE  BEPXYIUIKH nofera
B EI0M, 3 TAKKE BEreTaTHBHOTO H PENpoOAYKTHBHOTO HONYCOB Hapa-
cTANNA M KAueCTBEHHAA CMeNa OpranoobpasoBaTeALHON AeATeALHO-
CTH KOHYCA MpPH Tepexoje K PenpolyKTHBHOMY PA3BHTHIO

2) pasBuTHe OTACALHHX OPraHoB ¢ MOMEHTa HX BOIHHRHOBEHMHS
oo OTMHpAaHHA,

3) KOppeasTHBHHE OTHOWEHHA MEHAY OTAeAbHHMH pPaIBHBAK-
WHMICA OPraHaMi, a @ TakXe MeMly oOprasavn H BEPXYWKOH
nofera.

CoenopaTenbHo, MOACANPOBaHNE PAIBHTHA 1EN0ro pacTeHHs CcBo-
AMTCA K KOHUEeNTYAALHoMy H{BAH) MATEMATHUECKOMY ONHCAHW VEA-
JaniiHx BHINE MPOILECccoB BO BIAHMOCBAIN MX Mexay coloft # ¢ ycno-
pHAMi BHemwHefll cpeaw. OQCcHOBHAR TPYAHOCTH NPH  MOAEIHPOBAHHH
PasBUTHA B paMkax AJMHHHOTEPHOANHX AHHAMHHCCKHX moaeneit co-
CTONT B ONNCAHHH OPravoobpasoBaTeNbHOll ACATENLHOCTH KOMYCA Ha-
pacTaHHs W BEPXYWKH nofera B NeAOM H B MOOEIHPOBAHAH nepe-
KAWUSHHA PASBITHA © BETETATHEHOTO HA PENPOAYKTHBHEA OVTE. Ipn
MOACAHPOBAHIE  OPrancofpasoBaTe]bHol MeATeALHOCTH B KauecTee
CCHOBHOM XApAKTePHCTHKM npouecca manboaee uenecoobpaszuo npu-
HATL NPOAOAMHTENLHOCTE NAacToxpond. HasecTHO, HTO OTUAEHEHHE
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JAYATHA JHCTA Ha anNeKce BOIMOMHO MWL NOCAE AOCTHHREHHA anNek-
COM onpeiencniofl Maccd, manGoabllel NpH NPoUHX  PaBHEX Ved0-
Buax. [locie oTiaenenus 3agaTka Macca anekca MHHHMAJbHA, 3HAH
CKOPOCTH pOCTa anekea, MOMHO ONPCIeIHTh  NPOIOAKHTEILHOCTE
nAacToOXpoHa,

[Mpoaoa#HTeALHOCTL NASCTOXPOHA OUEHABAETCH KAk NPOMEHYTOK
BPEMEHH, B TeUCHHe KOTOPOro Macca anekca YBeJAHYHBASTCH OT MHHH-
MAJALHOR 00 MaKCHMAAbHOH. Bpema munupamnn Mmemaoysani u npu-
AATOYHEIX KOPHell  ONpejeafercd HeXodd HI  [pododEHTeAbHOCTH
LAaCTOXPONA. HPEHEHQM COIPEBAHNA NAIVIIHOE NOYKH CUMTISTCH MO-
MCHT, KOTAA OHA COJACPHHT MAKCHMAJLHOE (AJ# AaHHOMO BHAa) M-
10 AHCTOBBIX 33UATKOB, 4T0 MOMHO TAKKE OUCHNTL MO YHEAY NAACTO-
XPOHOR.

Passutie oprana nocae ero NEHUHAUHE NpeAcTaBAser cobofl no-
CACNOBATENLHYIO CMEHY THMNOB (YHKUMOHAALHON JeATeALHOCTH: POCT
(HOBOOGPA3OBaHNE  CTPYKTYP), 3PEJOCTE (OCYUIECTBISHHE CTPYKTY-
PAMH NPHCYUINX HM HHIHCHHWX QyHKunii), crapenne (pacnag cfpyvk-
TYp) B otMmupanne. KoppeaatneHble oTHOWenHs MERIY OpraHamu
MOLSAHPYMTCA B CHCTEME pacnpefefeHds accHMuiston. B xoHeumos
HTOIe 330a4a CBOAMTCA K MOJEAHPOBAHHIO POCTa anekea W pacnpe-
ACAEHHIO B anekc pocToBux cyfeTparton. [MperaaraeMmuil HaMu noaxom
K PACNPEACACHHID ACCHMHAATOB MOMKET OMThL HCNOABIOBAH 135 OUeHKH
pacnpeedeHins cy0cTpaToR B pacTyviiif ancke.

PH MOJICAHPOBAHHE NEPEKIWHNCHIA PA3BHTHA ¢ BEreTATHBHOMO Ha
PENPOAYKTHBHEIN NYTh ME HCHOABIOBAAN TOPMOHAALHO-TPOPUUECKY IO
TeopHie passnTHA [93], cyTi kovopoit cocronmt B TOM, uTo  pervan-
pylollas poie B PAsBHTHH DPHHAANEKHT ropsoHas (rubGepeninns,
AYKCHHE, KHHHHH) H Tpodmueckum akropam (caxapa, aMHHOKHC-
AOTH, acKopOHHOBAA KHCAOTa), ¥ Beex pacTeHHii He3aBHCHMO OT xa-
paKTepa ux (QOTOMEPHOAHYECKON PEAKUHH B YCAOBHAX AJAHHHOTO AHS
BO3pacTaeT coAepiRanHe B JHCTBAX YIACBOA0B H rHO0epesanHos,
g B cTebAeBHX nowkax — aykcnuoe, B ycaoemax  kopotkoro ams
B JHCTBAX BOIPACTAST cOMep:aHHe AIOTHCTHX COENHHCHHR o aHTe-
SHHOB, 3 B cTefIeBHX NOYKax— MeTaloaNToB  HYKACHHOBOMO
obmena.

Jdna nepexosa KoHyca HAPACTANHA N3 BereTATHBHOTO COCTOANAA
BO (AOpabHOe HeoOXOAMMO ONPeleACHHOe COOTHOWIEHHE YKA3aHHWX
KOMIOOHEHTOB, 3anporpaMMHpoBannoe redHetueckn. [Lanunoanesnwe
BHAL NMepeXoiaT K PenpoiyKETHEHOMY PazBHTHIO MO JOCTHACHIN Hal-
GOABIMHX IHAUSHHA COOTHOWEHMI YrAeBOAKa30T, rubbepennntn/an-
TE3HHH, AYKCHHH/MeTaloaHTH HYKJAeHHOBora oliMena, a KOPOTHO-
AHEBHEE BHAL — NPH AOCTHMEHHH HAMMEHLIIHX 3HAYEHHI 3THX COOT-
HOWIeHH,

[Ipn npaktHueckofi peanusaunn Mofean HanGoJabiIe TPYAHOCTH
NPeACTABJAET OUCHKA POCTA ANEKCA, HEOGXOANMEA AAA ONpeaeicHHs
NPOACUKHTEALHOCTH MAACTOXPOHR, H OLEHKA KOAMYECTBA PeryaATop-
HHX CTPYKTYP. MaTemaTHuecKoe onHcaHHe MOALAW M ANTEPATYpa, He-
NOAL3I0OBAHHAA NPN paipadoTEe KOHUENUHH, NPHAEOAATCA B ﬁﬁﬂ].

T

BMAOHEHTORE,
F.3.%, MOJCIHPOREANHE APOLECCA CHHTEEA XHMHNCIRHX K
nnp:.n.t..lili:ll.l.HE KAUSCTRO XOAARCTRENAD HENHO NICTH YPOMKILR

¥ pasauuHHX ceAbCKOXO3AHCTBEHHEX KYILTYD l-:mmsnmnm Xoanf-
CTECHHO LEHHOR HACTH YpoMaH, XapakTepHiyioulie KauyecTso, paa-
AHYHN, CooTBETCTBCHHO STOMY COCTABR nyaa cyOcTpaTos AAd cHuTe3n
3andacoB W NYTH HoOpMHPOBAHHA 3TOCO NYJd HEOAMHAKOBEL AR Pas-
HEIX KYABTYP, 8 AR OAHOA M TOR e KyabTyph Ill‘ﬂ.‘lllHEhDBbﬁl ;TJE
PAZHHE YCIOBHAX BHEWHER cpeid, [MosToMy MoAeaHpoBanne abp 3
paiug nyda cyGeTpaToB Aasd cHNTE3d 3anacos neneconfipasnee pac
CMOTPETE OpN ONHCAIHHHE JAHHIMHPYUECKHX Moaenefl OTASABMEYX TPYAN

: HCTBEHHBIX KYALTYD.

CEJE;?::;ﬂhuﬂxmu K }!.lnﬂ,i'lg:[[]ﬂﬂﬂﬂilm npowecca cHHTE3a 3anacop
AOCTATOUNO OOWIM 145 PasHEX THNOB 3anacalolmx opranos, MoxHo
BRHAGIHTE B3 NOAXOAA PA3HOR CTENeHH CAOMHOCTH, 3aBHCALLed oT
cAOKHOCTH Monenn B uedosm, CKOpocTh CHHTE3A 3aNacoB MOMHO pac-
cMATPHBATE Kak (YHKUWO KOHUEHTPANHH JabHibHEX cyﬁnpagﬂn
§ 3anacalolleM Oprage M ycaoBmA suewmei cpeaw, [lpn Bropom, Go-
Jee NPOCTOM NMOAXOAC CKOPOCTH CHHTE3A 3anacoR ONPelenseTca Mak-
CHMAJALHD BOIMOMHON CKOPOCTLIO CHHTE3d, BHEWIHHMH YCIOBHAMH H
pazMepoM cyGeTpatiux nyios, B nepsom cayuae Heobxognmo ﬂIJ.EHHj
BATH CKOPOCTL NepeToka cyGeTpaThs K MECTY CHHTE3A, BO BTOPOM ne
PeTOK He YYHTHIBAETCA, 8 H3IBJAeueHHe H3 Nyaa cyGCTpATOR ANA CHH-
Teza IABHCHT OT NOTpedHOCTH B HUX, B 3TOM nocfigiHeM cayuae HE
KOMKPETHIHPYeTCH, B KAKOM KOMNApTMEnTe JOKAANIYIOTCA pesephbl

'
b ﬁgi:lr}.:-ll:?ri;mﬂ OOCTYNHEX AR NepeToRa B 3aNdcaiollne Opraib Ja-
OHABHHY cyfeTpaton oG03HAYHM uepes S, . NOApasyMeRas noa

STHM YrJEBONHEE W B 3aBHCHMOCTH OT KYABTYPH  A30TCOAepHallHe
cyGerpat. Koawuecteo cyGeTpata B sanacapoulem oprane oGosna-
MM Gepes Swn,, M JANHIIEM A8 CKOPOCTH cHHTesa Jloboro sanac

HOFO KOMOOHEHTa ypapnenne Muxasanca—Menten

rf-!i'al.:-r o Ila"s’:"r-""'ﬂllil: Sﬂﬁ‘ﬂa_f_ F EIC : {E-?D}
F [ it Kztor == Sﬂb#ﬂf A { }

rae Saor, .~ MAKCHMAJIbHO BOIMOKHOS COACPHAHHE LAHHOTO 3anac-
1=k
HOro KoMmowenta, r-(3anacamwnf opran)='; S.us ,  — KOJHYECTBO

NaGHANEX cyGeTpaToR B zanacawmies oprane, r- (opran) ™ Kier—
KOHCTANTA El.‘tuap:'u.ma-—meuren, r- (opran)~; Fuo (EXC)— obob-
mennas GyHKUAS BANAHAA BHEWHHX YCJOBHA HA CHOPOCTHL Npouecca,
GeapasMepHan. -

CKOpPOCTL H3MEHEHHA 3HAYEHHA Seup,, ~~ 33BHCHT OT COOTHOWEHHA

cHopocTefi npHTOKa cybcTpata B 3anacaoiliil opral H HCNOABLIOBA-
HHA NJA CHHTE3a (B cAydae yraepoanoro cyGeTpata chAeayeT yYecThb
W 3aTpaTel Ha AWXaHKe, CBA3AHHOE © CHHTe3oM 3anacos). Cwo-
pocTs TpamenopTa cyGeTpata npHMe NPONOPUHOHAALROE PasHOCTH

T




KOHIEHTPRUHA B 3anacamilem opralie W OpraHe-10HOPe, HanpHMep
B IHCTE, KAK 5TO CAGAAHO AA# caxaposw B [215]:

dF gy Ssubian Srwh gt o
i =Pn 7 N R ] [2.71)

rae Fe  —00ToK cyferpata B 3anacanimmfl opraW, r; py— npopo-

ANMOCTe (I0sME AaA naunoro cyGerpata, em®-eyr': Vg — o6bem op-
rana-gonopa, cs® Ve — o0beMm 3anacawinero oprama, cm?,

CAef0BATENLNO, CKOPOCTE TPAHCHOPTA 3ABHCHT OT IPafHeHTA KOH-
uentTpaumn. B oTanane ot MeraloAMYECcKOro IPAaAMeHTa, HANPHKEN-
HOCTE KOTOpOro onpeaeaserca dhazofl paseMTHA  Oprana u KoTopufl
CTAHOBHTCH PABHWM HYAl0 N0 OKOHM@HWH pocTa  oprada, ofLeMmAbil
KOHUEHTPAUHONNLI rpaguesT «paboTaeTs 3o Tex Nop, NoKa NPHTOK
NyJ10B He AHMHTHPYETCH PasMepoM caMui NyJoB, eMEOCTbLIO 3anacalo-
HEEr ﬂP]'EII-[H HAH e BHEITHHMH YCAOBHAMH, BAHAOULEMHE HE CKO-
POCTE CHHTE3A 3ATACOR.

Mpn ewicokofi ckopocTH OTADMENHR cyGCTPATOR B 3anac (3nave-
HHe Seup,,  (Vier yMeHusllaeTcd) noTok eyficTpaTta B samacamomipi

opran pospactaer. [lpm Hn3kofi ckopocthH (3Hawenne Seud,,. [Vator

YBENHUHBAETCA) NOTOK cyGeTpaTa CHHMAETCA N B OpPrane-1oHOPE Ha-
KanaHBarTeA pedepod. B 3anacamiiem oprade KoJuNectTso pesepBob
ONpeaenseTcs IHAYEHHEM S,up,, ., CKOPOCTH W3IMEHEHHA KOTOPOrO

ONMHCHIBAETCH VpABHEHHEM

IE'E“F":r-au' dSst0r AF 8
T T S O [ (2.72)

3a7aua CROANTCR K HAXOMISHHID pajpemamnilero onepatopa cH-
cTeMu ypasnenuft (2.70)—(2.72). Taxofi nogxol K MOXEAHPOBAHHIO
CHHTE3a 2arMacos NpeicTaRIACT TeopeTHUCCKHA HHTepec, oANAKO He-
NOJBIOBAHKE Mo AAA PelleHHA NPaKTHYCCKHX 3afaq orpadnyHBacTCH
B CBA3H ¢ TPYAHOCTAMH OUSHKH TAKHX NapaMerporR, kak K. W Dy
i nepemeHiEX Vo B Vi

B pannoMm caywae HanGoALIIYID TPYAHOCTh NMPEACTABARET OlUeHKA
NpoRoAuMOcTH fuiosmu. Bo-neppux, oHa onpejeasercs Ha ocHOBA-
HHH COTNPOTHRACHHA $I05MBI, 4 YYeT CONPOTHRACHNA GI0sMBL, Ha Hall
B3rAAd, HMEeT CMLICA, eCAH CONPOTHRJeHHE MOMET GHTh OUeHeHD M3
camofi Mozean. Bo-BTOpHX, NpPoOBOANMOCTL (UIO3ME - pasiHyHa AAA
pasiux coeamuennfi. Hanpuwmep, B [47] oTmeuaercs, uto nposoin-
MOCTE (PIO3ME, NMO-BHANMOMY, AR VrJEBOOOB HIGKE, YeM A4 A30TH-
CTHX BCULECTR,

MakcHMansio BOZMOMHAA NPH ONTHMANLHEY 145 Npouecca yCI0-
BHAX CKOPOCTH CHHTE3a 3anacos (3TOT nmapaMerp HeoGXoaHMO OLEHN-
BATh H NPH BTOPOM NOAXOAE) ONPEAE]SETCA FeHOTHOOM M I0f Kak-
A0l KYAbTYPH, 2 B Npejeiax KaXaof KyJaeTypw — 148 COPTa, Haxo-
AHTCA HA OCHOBAHHH IKCNEPHMEHTAJIBHLX TAHHHX,

Bropoit noaxoa K MOLEAHPOBAHHIO CHHTE3A 3AMACOB NEPCHEKTH-
BeH AAR HCNOJb30OBAHHA B AAHHHONEPHOAHWY AHHAMHYECKHX MoOge-
AAX. 3anuiieM CKOPOCTh CHHTE3A 3ANACHMWX VIIEBONOB KAK (YHKIHID
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NOTEHUNAIBHOR, T. 2 MAKCHMAILHO BOAMOE HO, CHROPpOCTH  CHHTCR:H
H BHCUHIHHE }"fﬂﬂlﬂi[ﬂ
dCh, i S A

s — L .Firw{Ech. :.2?3]

it al
rae Ei'r — OTA0MeHHe VIACBOA0E B 3aNac NpH HETNMHTHPOBAHEOM
EEF -

cHAOXeHHH cyGCTpaToM; (:f":'j — MAKCHMANLHO BOIMOHHOE CONepHEa-
Hite yriaesodos B 3anacawiem oprade; FE (EXC) — dynxuna paus-

afar
HHH BHEIIHHX }'L‘.‘.Iﬂﬂllﬁ Hi CHHTE3 IanaACHEX YINIEBOLOB.

GII]:IE',EE.’IIIM JATPETH H3 CHHTEZ JaHHODO RKOJTHHECTRA JanacHblx
YIIEEOLOR

. e
diy dChvar dR siar 2 74
di e it ey (2-7:3)
rae C,— ofiuiie satpatel JaGHALHHX YII€BOAOB HA CHHTE3 Yriesod-

HBlX 3anacon; Er';”: — JHCPreéTHYECKHE 3aTPaTw Ha CHHTEI TaHmorc

ROJHYECTBE 330308,
B 3aBHCHMOCTH OT TOro, KaKoil THN YIACBOAHHWX S3anacoB (Kpax-

Maj, MHPH) paccMaTpHBaeTcs, aHadenna RS GYAYT pasHbLIMH.

Elor
Urofm clasaicHpoBaTh cheTeMy «aafuaphsle  cyGeTpaThl—3a-
nacu’», oNpeleaHs 3aTpaTid YrA€BOI0B HA CHHTE3 HEYTACBOAHHX 3ana-
coB, nmojarad, 4to B GoJblIBHCTBE caydaes 310  Oeakn. CropocTs
CHHTE3a OeIKOB ONAIIEM YPaBHeHHEM

I:”"-.a - S dN.ﬁ": by
d; — d:ﬂ F;].up' I:E..-":C}. I:E.?ﬁ‘}

rae Naoer— OTIOKEHHE B 34Mac  AIOTCOACPHKALLHX CcYOCTpPATOB;
NEAE — MAKCHMAJALHD BO3IMOEKHOE CONEHAHHE GeJK0B B 3anacam-

" alar

wem oprame; F¥ (EXC) — dynkuns BAnaHns BHEWHNX ycaosufi na

e
CHHTEZ 3aNacHME GenKos,
OnpenennM SHEPreTHYECKHe 3aTPATH HA CHHTE3 QAHHOTO KOAHYe-
CTBA Eemmﬂq
dC oy AR or  dNgier
L3 = i 2-?5
dr dt F T (2.76)

roe Csx — 3aTpaThl YrAeBOAOB Ha CHHTe3 3anacHoro Geaka; RS = —

sfar
AMXaAHe, CBHIAHHOE ¢ CHHTE3I0OM SaHHNILE feaka.
Toraa I:];:HHTHHEEHHF[ CHOPOCTE HAKONABHHA 3anacHRkx YracBoaoB
ONpeieanTed nNg ypasHeHHAM

| dChiar
di .
dCs dC ) Y
BCppr. _ §OPH 1 s t—=—,
ar | dCq (2.77)
— !
Py
dCs "ﬂ::-‘.‘h' ) ﬂl':J'.n:.!-
I“P“ TR T =t

rae Efrw_ = I.I}E ETHYECKOE OTJOMEHHE YIEB0N0E B Ialac,
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Cropocte namenenns CF! - sanmuwem ypasuennesm
dCior o dCHd,  dCy
T—:Fa 5

dli i f; (2.78)

rae Y& — sipdexTannocts npespamienns Aa0HALHEX YrACBOAOR B Bh-
COKONOAHMEPHBE 38MNACK.

Has pasnux KyaeTyp napamerps ypamnewmwii (2.73)—(2.78) Gy-
AYT pazanune. BecoMa cymecTsennoe 3HaYeHHe HMECT OUEHKA 3aTpaT

Cras = Cotar
s
i _@__‘ ! LE:::---x
RCEO
e

T

I
I
|
: | I
II .i; (e . 1y s
| sTar
Howk:
IL foafena [ Nstar
LTI I T e = =T
P4
Nik AN 1 Mstor

Pue. 24. [lnarpaMua poTokon meulectsd # wndOpMAliE Opl MOACANPONAIIE CHNTEID
IANACOR B JAMACAIMHX OPTamax (cuMpoanka Poppectepal.

¥ea, ofoal, CH. B TEKCTE

H2 ABXaHHe, CBA3AHHOE ¢ CHHTE3OM 3anacos, M nosaraes, uro no
3aaTpaTaM NHa JALXaHHe OCHOBHHIE IPYNNH KVALTYP pPacnoJararcs
B CAeAVIOUIEM NOPAAKE: CAXApHAN CBeKAA < KapTodenab < 3epHO-
Bue < aeproboOoBHe < MacAHYHbe, CoBpeMeHHHA YPOBEHBH MOJIE/IH-
poBaHHA NPOUECca AMXAHAA NO3IBOJIAET NPOBECTH TAKYKD OUEHKY.

3mas maccy OCHOBHEIX 38NACHHX CTPYKTYP, HETPYVAHG ONPeLednTh
CYXYI0 Maccy 3anacaiilero opraga;

F
dMptor _ AC5tor dNater =
{f.f'_-_r T it k‘:.“ + di lil!‘.I"r'r I:E.:'Elj

rae M,ior — cyxas macca 3anacaolilnx Opramos, r.

Ecan 370 npeaycMoTpeno 3afadaMil MOZeAH, BOSMOMHO 3aTewm
ONPeaeanTh NPOUEHTHOR CONEPHAHHE OTACALHHEX XHMHYECKHX KOMMo-
HeNTOB B cyxofi macce. [loTokosan aAnarpamsa pelwlecTsa 0 HugopMa-
UWHH NPH MOAEAHPOBAHHH CHHTE3a 3ANACOR NMPeICTABAEHa Ha pHe 2.4,

B0

2.24. Moaeanposanise peryanunn oBPRIOBANEA, PACNPeLeAeH
HoHCnoALIORANER cYOCTPATOR AR CHHTEXD CTPYHTYD

Brewnnmu daxtopasn, PeryaHpyIoLHME CKOPOCTL OCHOBHWY GHo-
JAOHHECKHX NPOoUeCccoB, ONHCHBAEMEX B MOIeIH, ABAAIOTCA TeMmnepa-
TYPa BOZAYXa H NOYBL, BAAKHOCTH BO3AYXA H NOYPH, CONTHEYHAS pa-
ANAUMA H KOHUEHTPALHA MHHEPAJALHHX JeMeHTOB B nodse. Peryas-
Toproe aefctane QAP na ckopocTh OTOCHHTE3a W KOHIEHTPALLMH
MHHEPAALDHWX HICMCHTOB HA CHOPOCTE NOTJOMIEHHA BBOAMTCH Hepes
JABNCHMOCTL MEHAY KOMHYECTEBCHHOH XapakTepHcTHROR daxkTopa (HH-
TeHCHBHOCTH DAP, KOHUEHTPalUHH MHHCPAJALHEY ACMEHTOB) M CKO-
POCTRIO Npouecca, onucueaeMoll ypaspennes Muxazanca—Menten.
Peryastopuoe meficTBie oCTaAbHEX GAKTOPOB YUHTHBACTCA HEPes WX
BARANHE H2E NOTEHUHAJABHYID CKOpocTh npouecca. Bamamne temnepa-
TYPH BO3AYXa Ha QLIXAHHE W CHHTER 3anacos B nepuol dopMHpoBa-
HHA FANACAWINEX OPraHOB VYHTHBACTCA YepPed TeMNepaTypHulil Kozd-
L HeHT.

Peryasinn BaanMoBAHANKE OTASALHEY HHANOTOrHYECKHX NpoLec-
COB KaK [PH CTAUHOHAPHHX, TAK H NpH MENAKUWHXCH YCADBHAX BHEN-
Hell cpeas MOLeJHPYeTCA ueped vposens merabGoanton, Takero poga
pPeryvasun;m Mbel HaiWBaeMm sHaorenHol, PoToCHHTE: B paMKax Ledoro
pacTeHHA PeryJHPYeTcH B HALNX MOJGAAX CKOPOCTLID HCOOALIOBAHHA
ACCHMHAATOB, HOTOPAH B CBOW O4Mepell 3aBHCHT OT cHalXeHus 230-
ToM, H3lWTOK AcCHMHAATOB, BOIHHKAWUIAA NpH HeAOCTATHKEe a30Ta,
CHHMAET GOTOCHHTES, JHAOTEHHaN PeryAsunsa POTOCHHTEIA HIGHTEOM
ACCHMMIATOR MOACAHPYETCA uepes QYHKUNI BAHAHHY KOHUEHTPALHH
Pe3ePBHBIX VIMCBOL0E HA CKOPOCTh OTOCHHTEIE.

Pacnpenefenie yraesofoR M 230Ta MEMAY KOPHAMH W HajieM-
HLEMH OPraHaMH TAKME PErYAHPYETCH Pe3epRaMi VYIACBOJOB H A30TA.
[lpa nadurTie yraesogos, uTo O3HAYAET AHCOANRHC MHTAHHA B CTo-
POHY HEAOCTATKA a30Ta, GOALWAN, YeM NpPH ONTHMAJLHHX YCIOBHAX
A0 830Ta OCTAETCA B Kopuax. B pesvasrate storo  yewaHBaeTcs
pocT KopHed, T. K. A48 ocBoenHA G0ALIIEro KOJHYECTBA 430T4 B KOPHM
wanpasaserca OGoaslinil noTok yraesoaon, Youaenuwidl poct Kopued
CONPOBOAIAETCH BOIPACTAHREM NOracWenHs aszota. Takum oOpasom,
IUACTEHHAA PEryAAlUHA NOTAOWEHNA a3oTa (M APYIHX MHHepadbHWX
3ACMEHTOR) MOACAHPYETCH HePe3d OUEHKY YIAEBOAHBIX B A30THHX pe-
sepeoB. [1pn wabuThe asora, T. e NP HAAHYMH Pe3epBOB a3oTa, yr-
AeB0I0B HeaocTaeT, Toraa Goablas 4acTs YrAEBOAOB (B cpaBHEHHH
C CHTYaUHeH, Korja nHTaHde claaaHcHpoBaHG ) rI{IT]}Eﬁ.rrﬂETl:'H B Hajg-
3EMHHX OPrasHax. 3To NPHBOANT K Pa3PACTAHND HAAIGMHHX Opra-
HOE, MOBLUIEHHK) CKOPOCTH (OTOCHHTEdA, CHIGKeHHIO pocTa Kopuefl w
CHHMEHHID NOTACIIEHNA 330T4a.

Pacnpenenenne accHMHARTOR MERIY PACTYUINMHE HALIEMHLMH Op-
FAHAMH Peryanpyerci noTpeGHOCTLI) B HHX, KOTOPaA PasiHyaeTcA no
(rasam pasenTis oprana. INockoasKY npH MogeaHpoBaHKKH pa3BHTHA
OPraHos pacTeHHd HCNOJALAYETCR KOHUENUHA cvMM shdekTHBHuME TeM-
NEPATYP, TO TAKHM NYTEM BBOAHTCH BAHSHHE TEMNEPATYPH BO3gvia
Ha pacnpepefenie acCHMMIATOB. 3Wauenne QYVHKUNH pacnpelefenns

B Jdaxay N 418 al
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B fApelenax JAONyeTHMOR o0NacTH 3HAYEHHA ONPEAeARETCA HaAHUAEM
pesepeoB YrAeBOA0BR H azoTa, Echn nMmewTes pe3cpBul yraeeonos, 1o
AOAEOUIAET MOBHCHTH JHaueHEe GvHELUNA L0 YPORHE, ONPCICIACMOTo
KOJIHUECTROM PE3EPBOE H BEPXHHM OPeLeIoM pyHELNN, B npReoInT
K CHIECHHID NPOHBHTHOTD COLepAHaHHA a30Ta B OpraHe OpH erg He-
aoctatee, Ecan HsMewnTca pe3depiRl a3oTa, 370 MOBOPHT O BOIMOMHOCTH
CHHIKEHHA aHaueHnd yYHKIHN pacnpeleledns 10 YPOBHA, onpeiease-
MOFD KOAHYECTEOM PEICPEOB H HHAHHM NPCICI0M hVHKELHH, B urore
5TO NPHBEAST K NOBHMILEHHK NPOUCHTHOrO COAEPAHAHHA a3ora B op-
rame.

Takum ofpazoM, MOAEAHPOBAHKE SHAOrENHOA peryasmwnn GHOJIOTH-
HECKHX NpOUeccos B PaMKax ULEeA0ro pacTelind oCylUlecTBARETCR Ha
ypoBHe pelepROB YIAeBOA0B W 430Td. B AAHHHONEPHOAKLIX ARHAMANE
CEKHX MOmenax ¢ maroM | ¢YTKH H O0ABINE TAKOH PEryaATORPHER Me-
XAHA3IM ABJAETCH YHHBCPCAABHEM A48 OCHOBHEX OGHOAOTHYECKHX Mpo-
LECCOB, VURTHBACMBY B MOAeAH, CMHCT HCNONLIOBAHHA B LANHHONE-
|1Hu,1:||:.'|x' AHHAMHYECKHY MOALANX KOHUeNWAH NyJI08 acCHMILTATOE
(Hay no Apyrofl TEPMAHOMOrHH — (JOHAOB) COCTONT B TOM, 9TO Y4eT
(poHAOE NOIBOARET MOACTNPOBATH PEryAATOPHME MEXAHHIME Kak
B pacTeHHM, TEK H B CHCTEME CPACTEHNE—BHEWHAR Cpedds. Taxkum
NYTEM !.1:_]:[1'.".1I-IP:.'ETC1I AAANTHEHAN CTPATErHNA pacTeHHI, EHI}J:EEHLLI.II.H
B TOM, 4TO NPH H3MEHCHWH BHYTPEHHHX HAH BHEIUHHX YCAOBHH MeTa-
GoANn3s pacTedns MeHAeTcd Takuy obpaszoM, uTobW B TeuCHHE CYTOK
AalHAbHEE CYOCTPaThl NOAHOCTLI0 PACKOA0BAANCH HA CTPYKTYPHRR
pocT. AjanTauus pacTeHil K MENAKULHMCH YCA0BHAM paccMaTpuBa-
eTcAd B MOASAH KaK npouece JHKBHAauMH ARcGadanca B HCNOAL3IOBA-
win eyGerpatos Ha poct. [lpn cOanancHpoBaHHOM MHTAHHN BEEME He-
OOXOAHMBMH SACMEHTAMHE B TEMEHHE CVTOK cyOCTPaTH NOJHOCTRIO 33-
TPAuHBAIOTCH HA CTPYKTYPHEA POCT H pe3epRoB HE OCTAETCH.

Hanpusep, NpH yMEHLIICHHH KOWUEHTPALHH NOCTYNHOrG — a30Ta
B NotUBe, KOTOPOe MOMET NPoH3oiiTH npH aedmunTe NOUBEHRON BAATH,
npH CHIKERHN TEMNCPaTYpH NOYBL HAN NpH BHMBHBAHHH HHTPATOR
ofHALHMMH OCAAKAMH, Mo HCTEYEHHAH CYTOK HAKANAHBAMTCH HeHc-
NoAL30BAHHLE Pe3epBnl YrACBOLOB, KOTOPhIE VMEHBINAKT ipoTOCHHTES,
Ecan nmoagefictene W B AadbHeiilleM He MEHAETCA, CROPOCThH POCTa
CHIMEAETCA, MOCKOBKY CHIDKAETCA KoaWwecTRo cybCTpatoB BCASACT-
sie ocaabaenns POTOCHHTE3Aa M NOFACULEHHA 230Ta, YCTaHABAHBA-
eTcs COOTBETCTRYIOIWMA HoBOMY YPOBHK 6aJ12HC MHTAHHA H HaKON-
NeHHA pe3epBon B TEUEHHE CYTOK HE NpORCXOANT.

2.2.5. Moleanposaniee IIMAKNA FRCTPEMAIMEEE AOTOAKME YCaonmi
Hi KAMCCTRO ypodas

[MoBpexazuiee BAHAHNE  IKCTPEMAALHBIY  METCOPOIOTHHECKIX
(AKTOPOB HA KOAWHECTBO H KAYECTBO YPOMKEA CEAbCKOXOIRACTBEHHbX
KVALTYP NPOABAAETCA HEOAHOZHAYHO B 3ABHCHMOCTH OT CHAW M npo-
NOAMHTEALHOCTH Bo3geicTena Qaxtopa, a3u PasBHTHA B COCTOAHHA
pacTeHHs Bo BpeMa ACACTBAA (akTOopa, NpelWecTByoWix Bo3gefeT-
Bi0 W NOCASAVIONIHX 33 HHM MeTeopodornieckux yeaosui [6, 23,
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24]. Takue 3KCTpeMAJbLHLE METEOPOMIOrHYECKHE (PaKTOpM, KaK 3aMo-
PO3KH, 38 KOPOTEHI NPOMEEYTOR BPEMEHH BEHIBHBAKT IHAYHTEILHEIE
ﬂ¢P¢ETPnﬁHH’ MeTalonnama PACTEHHH. [lo Bcem aTHM NPHYHIEEM MO-
AeIHPOBANNE BANAHHA IKCTPEMadbHEX NOrOQHHEX YCA0BHI HA npo-
AVETHEHDCTL BOIMOMNG PACCMATPHOATE HAK OTACALHO: HafpabBaenie
B MOJENHPOBAANN NPOAYEINOHEOND NPOoLeccs FIEC‘TE“HI'I.

Hueercs paa smozenefl, B KOTOPHX YUHTHBASTCA BAHAHHE 3acyll-
JAHBRX "_|.'l'.‘1"|l:IBIIl'| Ha I'[l]ﬂ;'.'l,}'HLl.llﬂ!iHHn npoece: H OTAGALHLIE ero Co-
crapasowine [2, 3, 57, 129, 131, 154, 155, 222]. Mozeaupopanne mauA-
HIlR 3AMOPOAKOE HA NPOAYETHEHOCTL BNepRELE Npelaodelo A. H. IMo-
JEBEM H ONHCAHO B J[,"'.G", 58], VuTenw 3amoposki, HabamoAaUIHECH
RO ATOPYED NOJORHAY BCreTallHn I'}EI.L‘TEHHFIZ.

B Jagauy HAaef FEE‘DTLJ BXOERT0 MOOIeIHpoBaHHe BRIMAHWHE Ha
KAYECTHO YPOMAH CEABCKOXOIANCTREHHEIX KYJLTYD 3AMOPO3IKOB M 3a-
CYAXH, KdK SECTPEMAABHEY MCTCOPOJIOIHYCCKHX ltli.il.'l'l'l}p'ﬁﬂ. OKadll Ba kD=
e Hanbogaee CYIECTEREHHOE BAHHHHE Ha NpOomece q:lﬂp‘.'«{lll:lﬂ'llﬂl-llfﬂ
KAMECTRA,

Jamopodkn. B 3aBucHMOCTH OT THOA 3aMopo3kon  (3aMopoaky
C NEPeORTdAAIENHEM HAH ¢ ﬂﬁpﬂﬁﬂﬂﬂl!li-ﬂﬂ JAbla B TI'[-EHH!{]. CHA H
NPpoAOaSETEALHOCTH BO3AEACTRHA, COCTORHHA DﬂCTEE[IIﬁ 0 NepHol 8-
MOPOIER, NPEAMECTEYIIINE W MOCAEIYVEUILH NOroaHE X }'C.’I-DEHTI BJEHH~
HHE J3aMOPOIEOB Ha OCHOBHEES qJHHllﬂJﬂi'ﬂ-ﬁilﬂ'.‘iHMil"-lE‘E:IillE' NMpoUeccs
NPOABRTACTCA NO-pPaiHoMYy. Hamn MOASTHPYETCH BANAHHEE IAMOPOIKOR
L) -"th'E.ﬂ‘JﬁP‘H3DBE|IIIIEH B PanHime ¢Iﬂ-3b'| Pa3BHTHA 'FI'EI.CTEHIIrI H BO BTO-
PYH) MOAOBHHY BereTaliin, np[’.ﬂ.l.llﬂ"l.‘Tﬁj’lﬂLllllE JAMOPOIEY H MOCTETY -
LiHe 34 HHM NOrogHEe YCAOBHA YUNTWBAMNTCH Yeped MX BAHAHHE Ha
CROPOCTE {I}H3|Iﬂﬂﬂrﬂ'EIIIG.HHMII'IEE'HIIK NpoULeEonR,

EM,EEH'CTHHE JAMOPOIKOE B pPandHe q:laﬁll pa3BHTHA A0 CHX MO
B ANHAMHYECHHY MOMENAX NPOAYETHEHOCTH HE YUNTREAN00. B o ®me
BpeMA MOACAHPOBAHNE BAHAHHA IAMOPO3IKOE B 3TOT NEPHON HMEET
fO0abloe IEaYeHHe, NoCKOALEY JLAH pHLA CeNbCKOXNOIARCTREHHMX
KVALTYP (ApoBhe sepHOBHe, KapTofens), poage/uBaeMuy B pafionax
Cenepa n CuGupH, cyULECTEYET ONacHocTh NOBPEXACHHA NOCEBOB 3a-
MODOIKAME B TeHeHHEe BCErMD NepHONA BEréTalll HauHuag o0 BeXOaon,

(naBHOe OTAHYHE B BO3AeHCTRITH AdMODpPO3IKOBE HAa AKTHAHO BEreTi-
PYEMILHE H 3aK0HYHBILHE POCT PACTEHHA COCTOMT B TOM, 4TO NEpBELIX
NOCIe 3AMOPOIKA NPOHCEOOANT GO08C HAH MEeHes NoJHOE BOCCTAHDEJIe-
HHE HApYINEHHBX NpOWecCOB, PAcTEHHA RHORL OTPACTANIT, ¥ 3akom-
HHBITHY pOCT PHCT‘EH'HI:-I FT0M0 HE OTMEWAETCH. “{FEITHM}' NnpH MOoIeaH-
POBAHHA BANAHHAE BECCHHEX 3aMOPO3IRKOB Ha NPOoUece II}DI}HH:]:IUHH.]!HH
HAYECTBA YPOMAR H B LEJOM HA NPOIYKUHOHHWE Npolecc sajaua
CEBOQHTCH K OLSHEEe CTENeHH BOCCTAHOBACHHNA NPOUECCOr HMIHE e -
TENLHOCTH PACTEHHA NMOCAE 3aMOPO3IKa, T. €, K MOAEAHPOBAHHID Npo-
UECCOB Perma Patii,

[1PEAJEIFEEHHFI HaMl NOAXOT H MOIEIHPOBAHWID BIAHAHHA BECeH-
HHX IaMOpO3KOB HAa KauvuecTBO Ypoad OCHOBHBASTCA Ha TOM, 4T0
FAMOPOIEH NOAABARKNT NPOHeccH HAKOMISHHA Ny 08 cvOCTpaTon 10d
POCTa H H3IMEHAIOT XAapaKTep pacnpele]enHs ACCHMHAATOB. 370 3a-
AEPHHBAET PA3IBHTHE PACTEHHA, CHHMAET €ro pocT, NAOIAAL ACCHMH-
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AupyioLiei noBepXHocTi, YPORCHL HAKOIMACHHA A30Ta M, B KOHCHHOM

HTOTe, YXYAINAeT KavecTEO X03AlCTBERHO UenHoll wacTh ypowan. [lpn

|.",'1Eﬁlh.l_:l: BECEHHNX HEMHPT.I-H-HE:E H fhlil:'l‘l}[:lll BOCCTAHOBIACHHN NocaeE HHX

OTPHUATENLHOrD BOIAEHCTBHA HA KAYECTHD YPOiKan MOMET He ObiTh.
B [57, 58] pananne 3aMOpPo3KOs Ha (OTOCHHTE: yUHTHIBAETCA 4e-

pe3 BAHRAHIE HA NA4TO CBeTOBOf KPHBOH (OTOCHHTEIa H HauaaLHLEl

HAKAGH. Jangiies COOTHOWEeHHS 048 oledkH MaKCcAMAJLHON HHTeH-

CHBHOCTH (POTOCHATEIA N HAYAARROND HAKAOHE CHETOBO KpHBoH {Ho-

TOCHHTE3A (-ro Oprafa mocjae 3aMoposKa

lr_ll'-lﬂ'—“ ax

E .I'|| e d'r:':“ Ji:"'“frm“ EE-'I:I'
T e T I R L, (2.50)

if]

dpp = ﬂ.F‘kaHka_,u”-: {2.81)

rae dlp:‘"‘“}'{ﬂ — MAKCHMaALHO BO3IMOHRHAA HHTEHCHBHOCTE HCTHWNHOMD
B .

foTocHHTE3A [-TO OpraHa npH noBpexaennn damoposkom, mr COX
XAMTE- Tl RAY— mapaMeTp, XapakTepHIYIONINA CHHMEHHE MaKCH-
MAALHOR MHTEHCHBHOCTH (OTOCHHTE3a cpasy nocie 3aMmoposka, Gea-
passeprui; ATAT — gapamerp, XapAKTEPHIVIOLLHI  BOCCTAHOBACHHE

#ir
HHTEHCHBHOCTH (OTOCHHTE3A B NOCASAVIOUHE NOCAe IAMOPO3IKE JHH,
GeapasMepHuii; apy— HauaAbHWA Hakion ceetosofl Kpusoil doTto-
Mr GO - am—= -y~

Br.wu? '
Fa,, — DAPAMETP, XAPAKTEPHIVIOUIHA CHHMKEHHE HAMANRHOIO HAKIOHA
CBCTOROMR KpHBON Nocje 3aMOpo3Ka; Ra,, — NapaMerp, XapakTepn-
AVIOULIHA BOCCTAHOBACHNE 3HAYEHHA dpy.

HutencupnocTh (oTOCHNTE3a (-ro OPrapa, NOBPesxIeHHOrs 3aMo-
POZKOM, ONPEAETHTCH H3 COOTHOWIEHHA

CHHTE3A npn NOBpeAEICHHK FAMOPOIKOM,

dprf dj?::'l:.“ ﬂpf; :
i ot P Fp(Ta) Fp(Ws) ke, (2.82)

rae :iF;ﬂfd.‘—uureueummcn (POTOCHHTE3a (-r0 OpPraHa, NoBpeRieH-

woro saMopoaros, ¢ C. am=2. g=l,
Toraa wcTHENHEG (QOTOCHHTE3 (-ro Opraga H BCEro pPacTeHHdA, no-
BPEMACHHOND 3AMOPOSKOM, HAXOAHTER H3 COOTHOWEHHH

g

dlpf{

di LaLign igey
mpu PR < PP,

fnigny b= dP;
df Lalyj igry

P; (2.83)

T max
npa Piy=P;,

&84

H

£

[ 1 Tgr
P.IHJ' m[ ]§| P‘:r i T i.;| Prf-“ i ) Fe(Crehy (2.84)

rae P.—_..mr:_r — (BOTOCHHTE3 {-ro oprana, noBpemAeHHONO FAMOPOIKOM,
H . I= - -
r Creyr; Lty gry — MAOWANE ACCHMUANDYIOINER NOBEPXHOCTH j-rO

oprafa, am* Py — HCTHHHBGA  GoTocHETE3 uedoro pactenns, r C.

Hpu pacuere ofpasoBanns nyaos yriesomusx cyfcTpatoR  gas
POCTA A0CTATONHO B ypaBHenwax (2.7), (2.17) asamennte P, na
FF[_I'-

Mockoabky HET skchepHMEHTAALHMY NAHHMX 1O BANAHMO 38MO-
POIKOB Ha (OTOAHXAHNE, TO B BapHAHTE MOICIH, NpenycMaTprsamn-
me:«i VHET BARAHHA 33MOPO3IKOR, (GOTOAMXAHNE HE MOLEANPYETCS.

Juxanue nostepkanna MOACAHPYETCA B CBASH cO CHIBKEHNEM oV-
KOH MaccH pacTenns. B nepsoM npuiumAenHn Mu npHHHMAEM, YTo-
HPPEKTHBHOCTL NPEBPALICHNA VIIEROI0B B CYXO€ BEWECTBO NpPH 3a-
MOpO3Kax me MeHsercd. Oauako caenyer NOQYEPKHYTL, TO MOLEAN-
POBAHHE BAHAHUA 33MOPOIKOB Ha 3PCKTHBHOCTL NPEBPAILCHHA npex-
CTaBaAReT colof cneumanvhui Bonpoc, Buao 6w Jornunc fnpeanoIo-
AHTH, NTO NOL BANAHHEM 33MOPO3IKOB SqpeKTHBHOCTL NpeBpameHnn
CHHMACTCH, NOCKOALKY BCACACTBHE HAPYUICHHS  SHCPreTHYECKOro |
hochoprore obMena BOIPACTAST AOAR «ORCHGAEIHOGS MAXAHHA,

[lpn moxeanposaunn cozganus NVJI0B A30TCOACPMAINX cybcTpa-
TOB YUHTHBAETCH TOT (BakT, 4T0 Nojg AefCTBHEM 3aMOPOIKOB CHUMA-
€TCH CHOPOCTL MOTAOILEHHA MitkepaabHuX saementos [23). Handogee
PEAABHO BBECTH B MOACAL CHHKCHHE CKOPOCTH TOMIGUICHNA Mepes
YMEHBbINENHe Maccw Kophedl. [locae samopoaka Gananc MEHAY Yrae-
BOAHLIM H 330THHM NHTAHHEM CABHIAETCH B CTOPOHY HEAOCTATKE yr-
AeBOA0B H HIOWTKA a30Ta, KOTOPWI BOIHHKAET 38 cuer YBEAHIEH A
ROAHYCCTBA BOMOPACTBOPHMOrO A30Ta H HEKOTOPOH BPEMEHHON AKTH-
BAUHN NOFCIEHHA CPasy NoCae 3aMOpO3Ka [23). Baaroaapa sromy
MEHAETCA XapakTep pacnpefejelds accHMHIRTOR MEXAY KOPHAMH W
HAAICMHBIMH OPranaMu, 470 W cuuXaer poer Kopuei. Mo Mepe Hapa-
CTAHHA MACCH HAAZEMHEY OPraHOB, BOCCTIHOBACHHS poTOCHHTE3A It
YBEAHUCHHA COOCPHMAHNA YrACBOAOB AHCOANAHC NOCTENeHHO verpa-
HAETCH, MTO NPHBOAHT K HOBOMY NOBHIIEHHKD POCTA KopHel 0 cropo-
CTH nordoilenns aszora. Takum olpazoMm, pacnpegencnue nyaos cyd-
CTPATOB H HAKONIeHHE A30TCONEPKAWNX cyGCTpaTon MOACIHPYRTCH
IPH_34MOpOIKE HCXOAA H3 PErYASTOPHOR POJAH VrACBOANMX 33Nacop.

flna mofeaHpoBaHNs BOCCTAHOBIEHNSA POCTOBHX NPOUECCOB W AH-
HAMHEH ACCHMHARPYIOULEH NOBEpXHOCTH NOCae FAMOpPO3Ka Heolxoguvo:
JHATH YMeHLIICHHe CTPYKTYPHOR Macch Haf3eMHHIX OpraHoB cpasy
NOCAC 3aMOPO3KA. JanHIEM COOTHOUWEHHE A8 OUCHKH CTPVETYPHOM
MACCH PACTYUIHX MAAIEMHHX OPraHoB CPa3y nociae 3aMoposxa

_1'_!5].1'

L pgEir
Lgrpe = Mi u,,, (2.85)

&S




rae MU —cyxaf Mmacca CTPYKTYP PAcTyUlHX HAQaeMuux Opraics
cpasy nocae 3aMoposka, r; ki, — Napaserp, oNpeaeaRioulnii 10710

pacnafawliEXcA NOCae 3aMOPo3Ka CTPYKTYP, GeapasMeprbii.
Anagormuney ofipasosM ONPEAeIRETCA CHHMEHHe MaccH dyuKiio-
HIPYIOULHX OPrafos cpasy NocAe 3aMOpPo3Ka.
3navenne napaMerpa R, , MOMHO ONPeACAHTH, HCXOAR H3 AaH-

WHX No pacnaiy Geaxkos nog sanswnes aamoposka [23].  Tlpnmew,
YTO NPH 3aMOpo3Ke, BH3mBawumes rifenb pacTenus, Geakn pachna-
nawpTes noanocThio, Torla napamerp, XapakTepHaywpi joaw pac-
nagaomerocs Geaxka N Mensodiics oT 0 go I, MOMHO B nepaoM
NpHOAHAEHNH PACCUHTATE B 3ABHCHMOCTH OT €CHAL® 3aMOPO3KA

Rortsp = k.:-rrr.rfj. (2.56)
FAe Bpesp — NApaMeTp, XapakTeprayioulnli 100  pacnaiarileroch
Henka; & — KO3(PHILHENT NRONOPUHOHAABHOCTH] f; — HATEHCHE-

ferfafl
HOCTh 3aMOPO3KA,
Koanuectso GeAKOB Nocae AKTHBHPOBAHHOMD 38MOPOSKOM NPOTED-

JAH3a ONpefenTcH B3 COOTHOIIEHNHA

Mﬂr-l — Mﬂ-’ e Mru-"p-rsrr {237]‘

rae Mpro— cofepwanne GCAKOB cpaidy nocae saMoposka, T.
3pavenne napaMerpa ku,, OUCHHM KaK OTHOWEHHE CONCPRAHNRA

GeAKoB NOCAe 3aMOpO3Ka K coaepmanni DeJKoB 10 3aMOpo3Ka

k,l..”._” = Mperof Mg, (2.88)

3uavennn napamerpon TN u By, B YPABHEHHAX {2.80) n (2.81)
sennioTed of 0 no 1 B 3aBHCHMOCTH OT HHTEHCHEHOCTH  33aMOPO3Ka

byl {2.89)
H
(2.90)

I
=i Pi == kﬂpijr!

rae k”;;'}“ o k! — Kos(pHUHEHTE NPOROPUHOHAIBHOCTH.
)

Hayanenpe 3Ha4YeHHA NApaMeTpobB k’,‘fﬁ‘ ] ku”r NPHHEMAKTCA

paBHEME CAHHHLE, 2 KOHCUHBE 3HAYNEHHA MHAXOOATCH B 33aBHCHMOCTH
OT CTemeHl MoRpeHacHHIA l]JDTﬂEIIHTE’TII‘IEfHﬂFﬂ anmnaparta

max

dl”F"h IJFE“
-kFIF e dal [ if

(2.91)

i
kuplrr-:ﬂf-'.lraﬂf' [Egﬂl

[Mapamerpas NPHCBAHBAKTCA KOHEWHHE 3IHANEHHA, KOTAZ YpOBEHb
c6a1aHCHPOBAHNOCTH A30THOTO H YrACBOLHOTO MHTANHA NOBpPEMIeH-

=B

HEX 33MOPOZKOM PACTEHMHA NOCTHraeT MCXOAHOTO (1o  3aMoposka)
YPOBHA, 4TO ONPEASARETCA U3 MOACTH,

[lpn 3amoposke nocae UBeTEHHS, T. €. B NEPHOL PocTa IANACAND-
UMYX OpPraHoB, MAKCHMAJABHAR CROPOCTL (POTOCHHTESE H HaWAJIBHEI
HAKJOH CHETOBOH KPHBOH (DOTOCHATE3a [-ro oprama cpasy nocie 3a-
MOPO3Ka HAXOQATCH HA cooTHowennd (2.80) n (2.81) npm ycaosuw,
NTO BRI =1 0 ke, =1. Bocetanomnteasnue npoleccul He MOASAH-
PyEOTCA.

[Tpouece coapammua Yraesoamoro nyaa ans pacTenny, NOBPEKACH-
HEIX 3AMOPO3IKOM B NEPHOA CHHTE3d FANACOB, ONHIUEM YPABHEHNAMIH

dpll:lrr ;IR‘.I’.M
dCEL, i e T (mas Cy-pacTennii),

T T (2.93)
| d:” (nra C-pacresnit),

rae Cl!'lfw— nya AabRABHBX YIJEB0A0B B NEPHOA CHHTE3d 3aNacos LA
PACTeHnR, NOBPEKICHHEX IaMOPOIKOM: Py — doTocHuTes pactemil,
NOBPEHACHHRX JaMOPOIKOM,
PAKTHHECKAA CKOPOCTL HMAKOMJACHHA IANACHEIX YIJEeBOAOB Onpene-
AHTCH B 3aBHCHMOCTH OT NyJa YIAEBOL0B:
JF
I I:Ill'-:il'lil'\ul'
o

dCs |, 4Cay ) dCiaby
starf r i [ i T it = il X
at 1 gcf (2.94)

slfoarf

(i []
S (.1-:, . dC oy ] dClous
Ban sl et
rae CF . — dlakTHYecKoe OTHOMEHHE YrAeBOJOB B 3anac npH 3a-
MOPO3IKEX.
CropocTe Hamenenis snadenna CF! . onncuBaeTcs ypasuennes
= -
d{"ﬂlur.l FE( d{-'f-:j:-f dcﬂ.' )

T I & &

(2.95)

Boaaefictane zaMoposkos B NEPHOA POCTE 3anacaloWny opraHob
Ha a30THHA obmen onpeaeaserca raapmeM olpasoM TeMm, 4To npu
SAMOPOIKE BO3PACTAET CKOPOCTh Pacnana cTPYKTYP  BereTaTHBENHX
OpraHos. 3To NPHBOANT K BORACTAHHID KOAHYECTBA NMOABHAHKX A30-
THCTHIX COGAHHEHHA H CHHTE3 3anacHHX OEIKOB HEe JAHMHTHpPYeTCH
HoRUeHTpauned cyOcrpatos. Ecam TemnepaTyphule yeaosna GJaro-
NPHATHE A% cHHTe3a OeaKoB, npH obileMm CHHAMEHHH Ypoman npo-

UEHTHOE COAepHaHHe GeAKa B 3anacamoliew OpraHe MOMReT YEEeJm-
HHTBLCH.
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3acyxa. Moaeanposanne BAMAHHA 3ACYXH Ha fopMupoBaHNe Ka-
weeTBA YPOKAA ABISETCH Bechma oSWHPHOR OBAACTLIO MOASTHPORE-
HHS NPOAYKUHOHKOrG HNpollecca, H BCCCTOPOHHAR paspabotka 3Toil
npofineMu Moria Gu NPEACTABHTL MaTepHaa AAR OTAEABHON MOHO-
rpadun.

B paMKax AaHHOl KNHTH MB H3JO0KHM OCHOBHLE NPHHUHNL MO1E-
JAHPORIHHA BAWAHIA 3ACYXH HA KaUCCTRO ypomasd ceNbCKOX03AACTREN-
HHX KYABTYP.

Bananwe 3acyxi Ha npotecc GopMHPOBAHHA KAUECTBA VPO
paccMaTprBacTca Bo MHOTHX pafoTax, xacawllixcs B GoABIIHHCTES
CcAYuEEE NPOAYKTHBHOCTH ApoBofi nwennuw [21, 27, 48, 60]. K ocnon-
HHM NPOUECCAM HUIHEACATEARHOCTH PACTCHNH, BOINERCTBHEM HA KO-
Topee oOBLACHACTCH BAHAHHE 34CYXH HA KAYECTBO ypoiad B NEpHOI
BeXOOb—UBeTENRE, OTHOCATCA: (OTOCHHTE:, AHXAHHE, TOrIOULCHHE
MUHEPAALNEX 5JEMEHTOB, pacnpefeeHne acCHMUAATOB, TPAHCTHPE-
[LHA, POCT H PA3BHTHE

OfMuHe NOYBEHHAN 3aCYXA COMpoBOMAAeTCA atocepnoil sacy-
xofi 1 nopuwennod Temnepatypoil poaayxa. [lousenHan 3acyxa BH-
IHBALT CHHMEHHe (OTOCHHTE3a, NTO YYHTHBAETCA B MOACAH Ha e
CTPYKTYPH NO TPeM KaHAAaM: CHIAEHHE BJIAXHOCTH MOMBH {uepes
(YHKUHID BANARNA BAAKHOCTH NOUBH KA ioTocHnTE3), TNOBHIIEHNE
TeMNepaTyps Bo3nyxa (uepea pYHKINIO BAHAHWA TEMOEPATYPR BO3-
ayxa Ha QoToCHHTE3) N BO3PACTAHHE KOJAHYECTBA PE3CPBHHX YTAERO-
A0B (4epes YHKUHD BAWAHNA Ha (QOTOCHHTES M3IOWTHA ACCHMEHAR-
ron). [NoupesHan 3acyxa NPHBOAHT TAKKE K NaNCHHK CROPOCTH NO-
FACUIEHNA MHREPAIbHEY 3AEMEHTOB (B HACTHOCTH, A30TA) BCAeACTRHE
CHIDKCHHA KOHIEHTPaUHH AOCTYMHOrC a30Ta B MoYBe H CKOPOCTH
Tpancanpaunn. BanAnne noYBeHHON 3acyXH Ha KOHUEHTPALHIO 10
CTYAHOTO 330Ta BBOANTCA B MOLENL “epe3 QYHKUHID BAHANHA BadH-
HOCTH MOMRE HA MHAEPAAH3ALHID JACFKOCHAPOARIYEMOro #3otd a0
aMMOHEA # Ha nnTpudHKAUMIO asmsomna 1o nurpatos. Hepea cuu-
WEHNE BAAKNOCTH MOYBH YUHTHBACGTCA H BAHAHHE 3ACYXH HA TPanC-
MHPALLH .

BeaeacTeie HefocTaTka azota obpasyioTcd  pesepBd  YRAEBOMOR,
cHIAAIIE (OTOCHITES, W B PACTEHHH cRAaaWBacTcs auchaaakc
A VEASBOAHOM H A30THOM NHTAHKH B CTOPOHY HADBTEA YIAeBOA0B.
B COOTBOTCTEHH ¢ STHM MEHAeTCH XapaKTep pacnpeneqeHds AcCHMH-
naToR: OOABIIAA YACTL VOACBOAOD HANpAaBIAeTcA B KOPHH. Ipu 3a-
cyXe MNpolecc PacnpeleseHHs ACCHMMIATOR MOLEJAHMPYETCH TakK e,
Kak W QAR CHTVAILMH, KOFJA PacTeHHe HAXOANTCA B YCJAOBHAX d30T-
HOro crpecca. B CBA3M ¢ HEJOCTATKOM 330Ta MOMHO YYECTH M YCRO-
penne cTapenny noj AeficTBHEM 3acyxn.

Mo vepe VBeAHeHHA cyXofl Macch KOpHER CROPOCTL NMOrAQLICHNA
A30T3 BHOBL  YBEEJIHUHBAETCH, 3 NOCKOIBRY hOTOCHHTES NOogaRIcH
HEZKOR BAAMHOCTHID MOYBR W BHCOKOM TemnepaTypoii  Bo3ayxa, To
OTHOCHTENEHOE COACPMAHNE Aa30Ta B HAAICMHBEIX OPraHax OKaAHETCH
BRILIE, YeM NPH AHAAOrHYHOM A30THOM CTPecce B OTCYTCTBHE 3acysi.
Takum ofpasoM, NpH 3acyxe B NEPHOL BCXOAW—UBETEHHE CHAAAR-
RaloTCA ycaopuA, Gonee GAATCNPHATHHE AAA HAKOMACHHA B HaaseM=

B8

.

HLX OpraHax azota, uesm yraepoaon. llpenaaraemas HaMu CTPYKTYpa
MOJEAH NO3BOARET YUECTL 3T0 O0CTORTEALCTRO.

CHIAKeHNe NJAOUAAH AcCHMBARPYIOWER nosepxnocTn (H, cAea0Ba-
TeAbHO, CHHMEeHHe HHTeHCHBHOCTH (OTOCHHTE3a nOCAe WBETEHHA)
H YBEAHHEHHA OTHOCHTEALHOPO COAEPMAaHHA  a30Ta B HAJ3EMHBIX
oprafax sAenswTca TeMi dakTopamu, KoTopue o0YCAOBAHBAIWT NO-
BulIIEHHOE cofepHanne felka B aepue.

Ecan pacTedns noABEpPralorcs 3acyxe TOAbKO B NEPHOA UBETEHHA,
TO e JeficTBHe MOLeJHpYeTcA qepes BAHAHHE HA (OTOCHHTES, NO-
rAoleHHe a30Td, TPAHCTHPALHK, CHHTE3 3JANACHHX KOMNOHEHTOB
B depue. B atoMm cayuae BAHANHE OCYIMECTRARCTCH Wepea CHHEEHHES
BAGMHOCTH NOuBL, BAAMHOCTH Boaayxa (armocdepuas  3acyxa)
H NOBBILIEHHE TemnepaType  Bo3ayxa, [loBHLIeHHe TeMocpaTyphl
I CHIGKEHHe BAGMHOCTH BO3AYXa YYNTHBAETCA B MOAE]H uepes (pyHk-
UHH BAHAHHA BHEWHHX YCIOBHA HA CHOPOCTL CHHTETHYECKHX NpOMec-
coB B zepue. B 3aBHCHMOCTH OT TOrg, Ha KakoM QoHe METeopoaorH-
YECKHX YCA0BHA HACTYNMAA 3acyXa N KakHM OWA0 COCTOHHHE pacTe-
UHA nepea wBetenneM Koneunwfi sdext 3acyxn wa QopMHpoOBaHHE
TOFO WAH MHOFO KauecTna ypowas Oyder pasanmunuy. Oanaxo ofb-
WM Pe3yaLTaT COCTOMT B NOBWIIEHHH NPOLEHTHOMD COACPRAHHA
feqKa B 3epHe, NOCKONILKY CO3AawTCA ycaosud, Gojee GAaronpHAat-
HEWEe I8 OTTOKA H YTRAH3AUHH A30THCTHX coeannennil.

Kak B nepeyw NoJOBHHY BEréTaunH, Tak H Nocde UBETEHHA NMOL
BAHAHHEM 3ACYXH AKTHRHPYCTCH ABIXaHHe NOAASpHaHWHA, 9TO YUHTL-
BEETCH B MOACAH Yeped TeMNepaTypPHBIH KO(QPHUHCHT ALXaHHA.
Kak 0 npH MOAGAHPOBAHKH BAHAHHA 3aMOPO3KOB HA KA4eCcTBO YPo-
Was, ¥ HAC HET OCHOBAHWA AAR Y4eTa H3IMeHeHHA PPeKTHBHOCTH
NPEeBpalledns VIaenoqos B cyXo¢ BEWEeCTBO, XOTA MOMHO npeéinoaa-
raTh, 4T0 oHa GYAET CHHAATLCA.

Hecomnenno, uto 60Ace NONHEM ABAAETCH MOAX0A K MOACTHpO-
BAHH BAHAHHA 32CYXH HE KaYecTBO Ypomad, npeiyeMaTpiBaioluuii
TAKME H V9eT HIMEHEHHA cOACpManuA BoAW B TKanax. Oanako Ta-
KON NOAX0A HMeeT O0oabllie TeopPETHUECKOS IHaYeHHe,

[Tpepnokennbi HAMIE NoAxXon He Tpehyer MaMeHeHui B cneuHin-
KallHl H HASHTHOHKALHR MoAean $opMHPOBAHHA KAYECTRA YPOMKAaRA,
KaK 5T0 OKA2ad0Ck HeoOXOARMBIM cAeNaTs NPH MOAeAHpOBaNHE BJNHA-
HHA 3AMOPOIKOB Hd KAYECTHO YpoHan.

2.3. AGHOTHYECKHE NPOLECCH
B MOAEAAX «NOroda—KavecTBO YPORAA®

2.3.1. Cylmoness BlauMonpespaleHni A30THCTMEE COCAHHCHRE B nOyse

Hasmy ONHCHBACTCH TOABKD MOAEAHPOBAHHE AHHAMHEH A330THCTHX
COEAHHEHNA B NOYES, NMOCHOABKY Ha AAHHOM 3Tane pasBATHA MOIEAH
HaMH YYTEHD TONTLRD S3F0THOE NHETIEHHE ‘h‘ﬂﬂq.ml?l'lﬂ'ﬁ H KaJHAHDE MNH-
TAHWE B YHCACHHON MOIEAH HE FQHJ’HI:-I!}H-HHH. HﬂHE‘-I:THlJ. ST TepEHY-
HEM HCTOYHHHOM MHHEPAARHONS 230Ta ABIACTCHA JeTHOMHAPOIHIYEH-
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WAACH YaCTh IYMYCRA — AMHHOKHCAOTH, aMHHKE N aMiuin. CRopocTh
0fpa20BAHNA STHX COBAHUEHHA M3 NOYBEHHHX NPOTCHHOB HeBLANKA,
NOSTOMY HX COAEPMAaHNe B TeYCHHE BCreTAUHONNOrD Cce3oHa B 1aH-
HON MOMBEHHO-KAHMATHYECKON 30HE MOMKET CUHTATBCH NOCTORHHLIM,
TEII'_II_.E DO o e ,'.IE'I'HDI’I!I[FI‘JJII:EI}"EM{,II'H 430Ta HAa HaYada pacqHe-
TOB MoMeT OGMTh Hafaeno, Kak ¢ynkuna obmero asorta (no ypas-
HEHHI PerpeccHil), KaK To caedauo, wanpusep, s [140], nan somer
OHTE ONPeReaeHD IKCNEPHMEHTAIRHO,

Janfmen I8 OUEHKR AErKOTHAPOIN3YEMOTO a3z0oTa ypapHeHne
Nig = kio + kiaNs, (2.96)
rae k' # K — KOSPOHUACHTIL perpeccHi; Ngt — conepmanne ob-
mero azora, Mr N« (kre.m)="

OfpazoBaHie AMMOHHA H3 JeTKOTHIPOJAHIYEMOTOD #30Ta  ONHCH-
BACTCH YPaBHEHHEM NEpPBOro NOpALKa

dN ?
Tm = —btaFura (Ts) Fuea (Ws) Frxra (pH) N2, (2.97)

rae RUTL — MAKCHMAJALHAR YASALHAH CKOPOCTH MHHEPAAH3IALHH NpPH

onTHMAaALHEX yeaosuax, eVt Fure(Ts), Fxee(Ws), Fxee(pH)—
GyHKIHE BAHAHRKA Tempnepatyps nowsw (Ts), BaamuocTH  nouBbl
(Ws) u pH na cropocTe MuHepadnsauni, GespazvepHbe.

Yeeanuenne colepRaHnd AMMOHHA Onpelenfercd YOuAbo JAerKo-
rHAPOJIN3YEMOrD 230748,

Ecan nasectio, 970 NOYBA He HACHIERA HUTpHpUEaTopaMn (BO
BCAKOM CAVHAE K HAYAJY Npouecca), CKOPOCTh HUTPHHKALNN MOXKHO
onucaTe curMonamoill kpueoii. Bonee pacnpocTpanHeHHMM ABRIAETCH
ONHCAHHE CHOPOCTH HHTPHOHKALNH YPaBHEHHEM Nepsore nopsika

d” max
—— = FaitrFyo0 (T's) Fuo (W) Fro (pH) (Nan + Nasupe), (2.98)

rae Nxo— cosepanne wurpatos, mr N-(krec.n)—'; ko0 — makcH-

MadpHas yAeasHas ckopocTh  HuTpHdmkaunm, oyt Fuo(Ts).
Fro(Ws), FxolpH)—dyHEUHE BJINSHHA TeMNepPaTyps  NOYBH,
BaAHocTH nousk # pH wa ckopocTs HuTpRGNKAUHN, GezpazMepuse;
My — aMMOHNA, oOpasyIHACA H3 JerKOTHAPOJAH3IVEMOro aiord,
mr N (kr c.n)='; Nxpy— avsouni ynoGpenuft, ar M. (kr c.m)-L

[Mpy onpeiedaennslx VCAOBHAX, HANPHMEP NpH  NAOXOH aspaunn
H HIOWTONHOM YBIAKHEHHH, 00pasyiluiecy HHTPaTH NMOABEPraloTcs
aenuTprpEkannn. Moaeanpys AeHHTPHPHKALHIO, HCNOAL3IYEM Ypas-
nenne Muxasanca—MenTen, Kak 7o caenano B [68],

Ny NE™(Myo + Nuon)
—=— = n Fx(Ts) Fy (W) Fy (pH), (2.99)

rae Ny — KOAHYECTBO HHTPATOB, MNOABEPriiHnxXca  ACHHTPHHHKALLH,
Mr N-[(kr e m)—; N'.L!“—Mam:imaam!u BOIMOMHER CHOPOCTL fe-

uuTpudugaumn, Mr N-(kr e n)~ eyt Nxoy —uutpatel yaobpe-
L1

uif, Mr MN-(kr e.m)-'; A% —xoncramra Muxasanca—Menten,

mr N-(xr c.n)~': Fu(Ts)., Fx(Ws)., Fx(pH)— QYHEINE BAHAHHA
TeMnepaTypu, Baammocty ¥ pH nousw una genntpmdmraunnwo, Ges-
pasMepHEe,

C y4eroM noteph Ha AcHRTPRGHKANHW B NOTJCWEHHA HHTPATOD
pacTenHeM (aKTHYeCKasd CKOPOCTh H3IMEHEHHA COAepHMaHHA HHTPATOB
ONpeacAHTCA NO YpaBHEHHKD

dNyar dN o 1 dNy __ _dNabs
i i i AEETEER

(2.100)

rie  Nxop— pakTHUeCKOE cCcOAepHaHHE HHTPAaTOBR B [O4YBe, MI
N-(grc n)-%

Ecan aanaqu, 1A Peliends KOTOPHX HCNOJILIYETCH MOAedb, npea-
noJaranT HeolXOAHMOCTE Y4eTa HEeOAHOPOAHOCTH CBOACTE NOYBLE N0
BEPTHEAALHOMY NpodHAKN, TO LAH KAMAOIe CAO0A  NOMBE  3AMHCH-
BalOTCA ypaBHenus BHga (2.97)—(2.100), a remnmepartypa, BAARK-
HoCTHE B pH nousw BROAATEA A0 Kamjoro chof. B aTom cayvyae oue-
HHBAKTCA NEPETOKH HHTPATOB ¢ BOAOM NPH HCNAPEHHH HAN npoca-
HHBAHHH. 3HaA KOHUEHTPAUHID HHTPATOR B CNO€ H KOAHYECTBO BOAH,
MOCTYNHBLIEE B CAON NPH NpocasHBaniH HIH Vilejluiee H3 ca0d B pe-
IVALTATE HCNAPEHHA, HETPYAHO OUEHHTH MEPETOKH HATPATOB ¢ BOAOH.

2.3.2. Baox paAMRUHOHHOTD PeMHMA

B Gaoke paaHamHOHHOTO pPediMa  pPaccYHTHBACTCH CcyMMapHan
pagHauud, HeoOXOAHMan 18 OUEHKH GOTOCHHTETHYECKH AKTHBHOM
pAaaMAaliK, H palHauHOHHBA Oajapc, IHAYCHHE KOTOPOTO HCNOJb-
IVETCA NPH pacueTe IHEPruy, AocTYNHOA 408 Henapenus,

CywecTsywT pasHbe MeTOAH JAAA pacyeTa CcyMMapHoi pagxa-
uni. B pabore [57] Mcnonw3opaHa A48 OUEHKH CYMMapHOR paanamHm
tpopuyaa Cuskopa, 3anumes 1y Gopuyay B suae

Q=1{[12,6655"" L 315 (sinh.)""] Lua} ko, (2.101)

rae b — noayaennas Bucota Coanua, ...% Lgm— ZAHHA AHA, MHH;
ko — koa(HuNeHT AA8 NepecuéTa  PaaHalHM H3 Kad-cm—t-cyr!

B Br-m—2
Juavenne sin fiy, BHUHCARETCA NI COOTHOLICHHA
sin i, = sin g sin (&s) == cos ¢ cos (bs), (2.102)

rae ¢ —Wnpota MecTHoCTH, ...% &5 —ckaonenne Coanua, ...°
Crnoxenne Coanua 3aBHCHT OT KaaeHaapuoil aatw |7

b5 = 0,408 sin ((D — 21)/57,4), (2.103)

rge D — nopAAKOBHI HOMEpP pacyeTHBIX CVTOK, cuntas or 1 mapra
TEKVIIEro Toaa.
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Inuna ANA onpelensieTcA Ha OCHOBAHNE OLEHKH BpeMend BOCXOIa
® 3axona Coawsuna, kak 3to caesawo B [57). Bpems zaxoma Coanna
onpeaeany no dopuyae

b 12 |' sin g sin (ds) 7]
=124 —— drecos| coT s T (2.104)
rae 1, — Bpems 3axoaa Coanua, u.

Bpems nocxoga ConHua HaxoARTCR NO PasHiLe

= IE_TJI [2'”}5‘

rie 1, — BpeMa Bocxona Coadua, w.
[Motok goTocunTernaeckn axkruenofil paguauun (PAP) k sepxued
TpafAHiue noceBa paBed NOJAOBHHE CYMMapHON PainaliHi;

Iy =10,50, (2.106)

rae [ — ©AP ua sepxuo rpannuy nocepa, Br-m—2,

CyMMapnas pailHauiA, NOCAoeHHas NOCEROM, IABHCHT OT HH-
neKca JHCTOBOH NOBEpPXHOCTH [5]. 3anmuem Torga AAas nOrAoMEeHHORN
nocesom PAP

I
I="5oear S

rae [ — PAP, nornomennas nocerom, Br-m=% LAJ — nuaexc ancro-
BOM NOBEPXHOCTH.

Adna ouenkn PRAHAHOHHOTO 0(AJ3HCA BOSMONKHD HCNMWILIOBATL
BEpasCcHIe BHAA

Ro=0Q(1 — A)— Ry, (2.108)

rie R — paivaunonduii Ganadc, Br-m—3; A — ansbenrc nosepxmo-
£TH, BOIAHYHHA ﬁaafa:mephﬂn; Ris — AAHHHOBOAHOBEA  paaHalHOH-
nHi Ganane, Br-m—=,

dannnosoanoBslit pagnaunonnsfi Gazake onpeaeaseTcAa no gop-
Myae

Rin=Rr — Ra, (2.109)

rae Ry — AAHHHOBOAHOBAA paiMAlNA, pacCesHHAs B BHIe Tenaa,
Br-w—% R.— JAHNHOBOAHOBAS PpajiHaulA, noOrIOWEeHHAR NOBEPX-
HOCThIO MouBH, BT-m—2,

Pacuer snavenns Ry NpeacTasifer onpeieieHHbe TPYIHOCTH
H3-3a HeoGxoanmocTh ouenkn Ry u Ry. B [173] npeanaraerca npn-
PABHATL 3Ha4eHAd Ry 0 Ky, T. €. CYHTATH AAHHHOBOJAHOBHA paana-
uHoHHLA Ganane TOALKO (YyHKUReR Temneparvpu., Kak noxasaan
HalM PacyeTH, STOT NOAXO] NPHBOAMT K HCKamMeHWw JHadeduflt pa-
Anaunonnoro GanaHca npH H3Menenun Temnepatypu. [lostoMy mamu
ann :;-ul.niiéilm pagnauncHioro Gananca subpana dopMmyna, npHBeIeH-
HaA n ;

R, =10,640Q. (2.110}

233 Fepposoriuveckult Gaou

B COOTBCTCTBHE © ﬂﬂﬂ_H““ﬁl]‘! !IIEIJ.I-Eﬁ MOIETH FII]‘[‘FI-D.I'I;DI'II'IIE'EHIIH
GA0K nperRasfated 108 OUeHKH NepeiBiHenns BOAW MeKIY CAoRMH
NOYBHE M BRHOCA BOAW PACTEHHEM NpPH TpaHcnHpauni. 370 nospo-
JAAET PACCHHTATHE MEPETOKH MHHCPAJALHWX HAEMCHTOB N0 npodniw
MOYBE, BEHOC HX € TPAHCNHPALHOHRHEM TOKOM H BHMBIBAHNE 3a npe-
Aedb KOpHECOHTAEMOrO cA0A nouskl, Kpome Toro, Ha BHXoLe rHapo-
JAorpdeckoro GAoka GHKCHpyeTca HHGOPMAINA O BIAAKHOCTH NOYBH,
KOTOPAA HCNOABIYETCHA NPH pacueTe GYHRKLHA BAHANHA BAAKHOCTH
NMOYBE HE CKOPOCTHL OHOMOTHYECKHX NMPOIECCOB,

[Mpr mogernpoBanni NEPeTOKOB BOAW N0 NpodHAK NOYBW HC-
noakaosan noaxoa Bepuca [111). Ilpn moneaupoBanun sBanotpatc-
NHPANHA, HCNAPEHHA © MOYBRH MNOA NOCEROM KW TPAHCTHPALHH MU

B3RJAN 33 OCHOBY Mogean, nanomennwe B [129, 145, 173] 3
[loTeHUnANLHAR TPAHCNHPALNA PACCUNTHBACTCH NO pajHHie
Epip= Ep — Es, (2.111)

rie Eppp — NOTEHUHAALHAR TPaHcnupauwsa, kr-m—=.cyr=i; Ey — no-
TCHUHAALHAR IBANOTPAHCAHPALNA, Kr-M—=-cy1': Eg— noTeHunans-
HOE HCRAPEHNE © NOYBH NOA KYALTYPOR, Kr-M—2-cyT",

Ins OUEHKN NOTEHUHAJLHON 3IBANOTPAHCHHPAUNN HCHOABIOBAHO
VpaBHeRHe

i, SRn + cpprg (85— ea)frg
Ll = T T ve)

Tae 6 — HaKAOH KPHBON <1aBAeHHe HACHUEHHOro BOAAHODO Napa—
Temnepatypas, [la-K=!; cp —yaeasnas tennoemyocTh Bo3ayXa npH
noctToRdHoM  gasnennd, Jix- (Kr-K)-'; ps — naotHocTh  Boagyxa,
Kr-M~Y ¢ — AaBJeHHe HacHUenHoro soaavoro napa, Ila; es— das-
THHeCcKoe nasaenne napa, [la; ro— aspoanuaMuvMecKoe CcONpoOTHBIE-
Hie  audepyvamn, c-m~" L —cHpWTOR Temao HCMAPEHHE  BOAM,
L wr="; ppr— NCHXPOMETPHYECKAA KOHCTAHTA, [Ia-IE"'; kg — ne-
pecueTHu KoxpdHUHeHT,

Hfl’lﬂ]:lf'll'l-:l'l!' C MOYBE o I{}'ﬂh‘l’!."pﬂi"l SJABHCHT OT 3Ha4YeHHsA AHETO-
BOMD HHAEKCE:D

SRaexp (—0,30LA1) ,
Egwm Tl T ke, (2.113)

ke, (2.112)

Hakaon kpumol ciapienne HacHIUEHHOTO Napa—TeMmepatTypas
PACCUMTHIBAETCH Kak (yHKums abco/wTHOR Temneparypll

b = (5336/T%) exp (21,07 — 5336/T) ks, (2.114)

rie Tg—cpeawns cyroyHaa Tesmnepatypa poaayxa, K; ks — nepe-
CHETHHA Kosh@HUNCHT,

Jdapaense HacHOCHHOTO Napa NpH JaHAOf TeMMEpaType BO3AyXa
OUEHHBASTCA B3 COOTHOLICHHS

€, = exp (21,07 — 5336/Tk) ks, 12.115)
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PAKTHYECKDE JaBIEHHE napa npH Aannoi TEMNEPATYPE ABTHETCH
ED}'HIZI.I_II:EH OTHOCHTEALHOR BJAMHOCTH BO3AYXa M AaBJACHHS HacH-
[EEHNOMD ODapa:

ey ={WA,,,;|m;eu. (2.116)
rae W",‘H-— OTHOCHTEAbHAN BJAAMHOCTL BO3AYXA, Th.

AspolnHaMHYEcKoe CONpoTHBACHHe anpdyIun 3aBHCHT OT CKOpO-
eTH BETPA H BHICOTH NOCeBA:

ro = |7 () 1,156 7], 2.117)

rie & — OTHOWEHHE MOJASKY/JIAPHOA MAccH napos BOAM H CYXOTO BO3-
ayxa, Gespaamepuoe; pa— atsmoceproe aapaenne, Ila; w—cKo-
pocTh BeTpa Ha Bucote 2 M, M-¢~% f{l)— dynkuna, oTpamapinan
BAHAHHE BLICOTH NOCERA,

PaxTHYecKas TPAHCNHPALUMA 3aBHCHT 0T  BAaroobecneveHHoCTH.
Cornacno [129], mokpo npuaate, 4To GakTHeecKan TPAHCIHpALNA
pPaBHA NOTEHUHAJLHOA TPAHCOHpaUHN B HATEPBAJE BJAMHOCTH NOUBE
OT HanwMeHbllel BAAFOCMHOCTH A0 HEKOETO KPHTHUECKOrD 3HAMCHHA
paaxuoctd, B |155] veasmpaeTcH, uT0 CHIGHeHHe MOCIOLIEHHS BOAN
KOPHAMI NPOHCXOANT MOCAE TOTO, KaK B noupe ocraerca menee 30 %
accrynuofl Baarn. [pn noBemwennn BIAKKOCTH NOYBH 10 NOJHON BAa-
FOEMEOCTH HJAH NPH VMeHLIUIEHHW ee A0 BASKHOCTH 3aBAjanus (ak-
THUECKAR TPAHCNHPALHA CHHMKAETCA A0 NONHOrO e¢ NPCKpalternn
npH NoAHof BAATOEMKOCTH B OpH BA2MHocTH 3apafanud. B coorser-
CTBHH C 3THM MOMHO 3ANHCATH!

0
np We=Wg_ nm We=Wge_,.
Epip
np Wg, <Ws<Wg,.
Epit = Enie I{W’s B u?ﬁ“-_-.”:l.-'lf_w-"'u.-n S, “'?5:.-1-'.'”.‘ (£:118)
opn. Ws . <Ws< Wy,
Entp [(Ws — Ws)(Wsy — W sge)]:
npp Ws < Ws< W,

rae Epy— (pakTuueckan TpaHcnupaums, ®r-m—*-cyr-l Wy — paam-
HoeTs noubbl; Ws — BAAMHOCTL NMOYBE NPH MNOAHOHR BJAArOEMKOCTH;
1

| o T BAAMHOCTE NOYBHE NpH  32BALAHEHIG Wsr”"— EPHTHYCCEOE

FHAYEHHE BAKMHOCTH, NOCIHe HKOTOPOFRG OTMeYaeTCh CHHJH'EHHE Tpanc-
nupannn; Ws — BIaHHOCTE NOYEH MPH  HAHMEHBIICH BAATOCM-
il L

KOCTH.

JT0T NOAXOA HCNOAL3OBAJICA HAMH npH  pacuere (aKTHYECKOR
Tpancnupanni. B mogean [145] Tpancnupauus B HCNAPEHHE © NMOYBH
Mol KYALTYPOR CUMTAKTCA OTAEABHO H 3aBHCHMOCTH TPaHCHHpaUHR
OT BAAKHOCTH NOYBH GUEHHBRETCA NO-APYTaMy.

i

Ananoriumo YHHTHBEAETCA BAHAHHE BAIFMHOCTH MO4YERK  Hi [’TEHTH‘
MECKYID FBANOTPAHCOMpRINID, IBanoTPadcHHpPauiA  OrpanieHBaeTCH
HOAHYECTEOM .ﬂ_ﬂt.'T!.’IlH"i"I BJAACH, 4TO BRpaMASTCH YEped OTHORIEHNE
drakTHYeCKOl FBANOTPARCHNPAUNH K NOTeHUHAALHON, ITO OTHOWEHNE
JABHCHT OT NpOILeHTa ,'J,I:':II_“]"!.'[[:III:'.“II‘I BAArg [T. & OT OTHOWEHHA I:]I'HHTH-
yecEoi ,.11}L‘T!|‘IIH'!:I'I:'I BIETH K MARKCHMAABHOMY  FdNacy Il_l]l.!T}'IIHL'Iﬂ.
BAarn). MagcHManeHo AoCTYNHOM cdHTaeércd BJara B npefeaax oT
HapMeHLlel DAaroesMEOCTH A0 BASHHOCTH TOUKH 33BHISHNA. CR#db
HeOJLHO3HAYHE H 3ARHCHT OT paaa pakTopoB (VPOBHA NOTERUHAALHOR
SBANOTPAHCIHPAILIN, THNE nouBl W T. A.). bafep [97] onncan nAaTh
THNOR CEA3CH MeRMAY A0CTYNHOA pacTenHld NoYyBenHofl BAATOA W OT-
HOLNEHHEM SBAanoTpalcinipandn K noTeHunaasHoi FBANOTRAHCHN-
paiHmn.

[MoTeunadbHOe HCOAPEHHE © NAPYIOLLEH MOYBLl PAacCUHTHBANOCH
AHAAOCHYHG HCIMAPCHHED C MOYBBE NOE TOCEBOM C TOH DESIIHIJ.E"ﬂ. T
anayenne LAS NpHEHMAJRCH PABHBM HYTH. harTHUeCKOe HCnaperRne
NPHPABHHBAAOCE K MOTEHUHAABHOMY B NPEIEAAX BAAKHOCTH NOHAL
OT NOJAHON BAAMOCMKOCTH A0 MAKCHMAALHOR rHrPOCKONHYHOCTH.

”PH pacueTe NCPETOROB BOSK MERLY CAOAMH NOHBH HCHOALIO-
Ban nogxon, npenaocxennwii 8 [145] B cayuae nepeapimenns Boabl
BHHZ T4 TIFHII].FIFJBD NoYyes W ocaarax wmedee 125 mm NEPETOR B HHHE-
JeEMAMNA caoft HMeeT MeCTO, CCAH B BEILEPpACTOMOGCHEONM  CA0e
BIEHOCTE NPEBRHUIECT HaHMEHBIOYH BIarceMEOCTE. ||pll QCaakEax
coume 12,5 MM pacnpesesedHe BIATH M0 Npoduaw No4EM OCYILe-
CTBARETCA N0 3IKCNOHCHTE, AHANOTHUHLIM T.l'ﬁl-"i!-'ﬂ?-“ npH HCnapesHHH
J00H BOAR, HIBATAH HI KIS LOrG CIToH, CHHAEACTCH SHCNOHEHULHANLMHO
£ FAYHHHOM.

':HI?.!I]JEHZ'TI:! H3IMEHEHHS MACCH BOAL B [-M CAOE 33NHCHBAETCH VpaB-
HEMHEME

0
npr MW, _ s MWy, 8 MW, < MW, .
|
amw; - JMWi-
dt  Iopu MW, > MW, | n MW, < MW,
MW _,— MW,
np MW, > MW,s,,

(2.119)

rae MW;—macca soaw, r; MWy, —macca poaw npn Hanmenswmel
paarceMkoctd, r; MW! — macca soaw, noctynnewelt B i-fi caoh n3
(i—1)-ro caos, r; Mlh’f’H_!—Mﬂctﬁ BOAK, BHTeKawWed 03 [-ro cAoA
B (f+1)-f caoR, I.

pﬂEI'IPE‘IlL‘-J'IE'HI“;" BOAE MO CAOHM NPH OCAAKAX cBpme 125 MM e s~
AeNRETCH H3 COOTHOIICHHA

d MW f .
L — 0, 1MW e [ MWio e[ ) MW.’..J (2.120)

% Uil
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rae MW, — Macca BoAW B i-M CAGE NPH NPOCAYHBAHHN OCALKOB, T3
MW qin — OCAAKH, MM} MIF'“H:— Maccé DBOAW, NoCTYnHBmAas B i-i
CNOH, .

3uavenne MW] _ onpejeaserca Kak PYHELHA  MakcHMaaunof

BOAOYACPHHBAIOIER CNOCOGHOCTH NOYBH 0 FAYGHHM (-r0 ciod
J“{W:h B= I:Gm.uj — Hr} ExXp {—klrSDuJ. {2* I:EI}

rae Bpay, — MAKCHMAABHAR BOAOYNEPHHBAKULAA cnocolHOCTE NOYBE,

r Boabi-cM—* nousk; 0, — cOLEPHAHNE BOAM B i-M C¢J0e, T BoaW-cu™?
nouns; ki— Kosdduunenr, cu, S0 —rayluna o7 NOBEPXHOCTH
MQoUAL A0 cepeanni (-ro cAoH, M.

[locne pacueta MW, s ouenka MW, npoBoanTcA Kak OnHCaHo
BhILLE.

Ecaun npoRcXOAHT HCNaApeHHe (B caydac napyveiolefi nouss) HAR
spanoTpanciHpanna, yialeHne BoAbl N3 [-T0 CA0H NOYBEL PACCHHTE-
BAETCH NG COOTHOWESHND

d MW L
H{Hr i E s {Eru.l} (MW: u_l;:.llI Z MW: Ifl)r (2.122)
| -

rae MW, — dakTuueckoe yaajlenHe BOAb N3 (-M0 CAOA NOYBH, T}

MW", — NoTeHUHAILHOE YAAJIEHHE BOAW H3 i=ro CJa0R, T.
3navenne MW _ onpesenserca Kak PVHELRA MHHHMAALHON BO-
AOYAEPHHBAIOMER cNocOGHOCTH NOYBH 1 FAYGHHE i-TO cN0%:

M w.r} (B} = {ﬂl T n.'ll[lll'} eXP |:_ k?ﬁslﬂﬂl}l [ﬂ-lﬁl

rae Omun, — MEHAMANBHAR BOLOYAEPIKHBAWILAA enocoHOCTE NOYBH,
F BOAH -cM~? nouBH; ks — Ko HILAENT, cM—,

Fnaea 3

Junamuueckne monedn OPMHPOBAHHA
KauecTBa YpPOMan OCHORHBIX
CEALCKOX03AHCTEEHHBIX KYJbTYP.
Teopernueckoe oOOCHOBAHHE

H MATEMATHYECHOE OMHCAHHE

3.1. 3epropne u 3epuofobonsie

OcolenHocTH MoaeAnpoBanns GOPMHPOBAHNA KauecTsa Ypowan
sepHOBMX W 3epHOGOGOBHX KVALTYP YUHTHBalTed B OepHOL (POpME-
poBainA BCXOA0B, B MEPHOA BCXOAH-—UBETEHHE W B MEPHOL HAaHBA
acpHa.
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B coppeMenHMX MOJCJIAX NPOAYKTHBHOCTH pacTednii Gaok pocta
B NepHoa NOCeBR—NOABJEHHE BCXOA0B BKAWYEH B AJAHHHONCPHOAHYIG
MOaCAL TONbKO Aas xaonuatunka [227). Kak oracavnasn cybmogens
3ToT npouece onucan B [49). CyGmoaens pocta NPOPOCTROB B MEPHOM
MOCeBE—BCXO0AM H OCHOBHHX (GHIN0AOTO-OHOXHMHMECKHY  NPOLECCOB
B CEeMEHH M NPOPOCTHE B PAINLX YCIOBHAX BHEWNeH cpeiw paspabo-
Tana snepewe namn [82—84), lNosaunee GuAa NpeacTaBAEHA B NEUYATH
eyfMoaens TAKOrO THNa, palpaboTaHHad AAS CTAUHOHAPHHX YCAO-
Bl [40].

Jlas aepuoBlyx W seprofoboBnx HCOOXOAHMO MOAEIHpOBAHHE NO-
FAOLLCHHA BOLW CeMEeHaMil, NOCKOALKY N3BECTHO, 4TO (HIN0AOMO-OHO-
XHMHYECKHE N POCTOBLIE NPOLECCH B CCMCHH  AKTHBHIHPYIOTCH
H NOAAEPHHRAKTCA AHIIEL NPH ONPEACACHNOR BAAMHOCTH CEMAH, pas-
JHMHOA ANA pasHBx KyasTyp [44]

Konuenuna, HCnOJL30BAHHAS HAMH NPH MOACAHPORAHHH MOrAO-
MEHHA BOAL, OCHOBLBAETCA Ha MPEACTABIEHHH O CYWeCTBOBAHHH
asyx haz B Hadyxaumn cemsy, [lepsan ¢aza — ruapatauns KoAAoH-
A0B, NPH KOTOPOll OCHOBHYW poib urpaer npoctas anddpyans. Bro-
paf aza — ocMoc, OOYCAOBIEHNWA neficTBHEeM rpajiHeHTa XHMHYe-
ckoro notenumada anddynaupyouere BeWecTda, B QaHHoM  Cay-
yae — BOJAM.

B MaTeMATHYECKHN MOASAAX, ONHCHBAKINY NOrACWEenne BOaL ce-
MEHaMH NP HAGYXaNHN, NPOLEce NOMOWEHHA PACCMATPHBAETCA Kak
npoctas andpysna. Ofzop sthx moaeaed caenan namn b [83, 84]
Moraowenne BoiwW B nepeofi Gaze ONHCAHO HAMH KAK MPoCTan
andpyaun ypasHeHHeM THNa ypasaenus, npusexennoro B [159], o
aTopoil (ocmoTiseckol)  daie — ypasHEeHHEM, 3aHMCTBOBAHHMM H3

[75],

&ty — m)
1
npuH m M < Merii,
XL (I P : (3.1)

koA l:'ﬂ‘n” 3 "FM]

I a
npH  Merir & It S i,

rae m— cOACPAKANNC BOAW B ceMeHax, r-(r cyxofi maccw cemau)™;
¢ — wkoadHuHenT cKopocTH Habyxauuda, 4!, m,— MaKcHMAALHOE KO-
ANYECTHO BOAL, KOTOpOe Mo@er OHTL noraollenc nyrTes Anddyinm,
r-(r cyxod Maccel ceMAH)=Y:  mp— BIAMHOCTE CEMAH NPH NOCeBe,
r-(r cyxoil maccs cemaH)—"; m:m, min.r — KPHTHYECKHE 3IHAUEHNHA
BAAMHOCTH, ONPeAcAsHe HAYAA0 THAPOAH3A 3aNacoB H BReMH
NpOPACTARHA CEMHAH COOTBETCTBEMNO, T-(r cyxofi maccw ceman)—';
ke — Ko3dprunent nponugaemoctd, cM-¢'; A —xosdduunent, xa-
paktepuaywmuf passepn ceman, cv®- (0,1 x-em=t)=t ot — poa-
HH{T MOTeHUHaA cpeaw Halyxamnd, JOw-cm~%; " — pognufi noted-
unaa ceman, D -cm—,

Bananne BHEIHHX YCAOBHA (TEMOEpaTvpul MOuYBH W BAAKHOCTH
NOYBLE] VIATHBACTCA NPH OUEHKE &, §°%° 0 '",

T Jakaa M 418 o7

e T ——




Kosppuunent crkopocTe HalyXaHua OUCHHBAETCH N0 COOTHO-
LI H 10

¢ = kpD, (3.2)

rae kp— KOSOQHIHEAT, OTPaAKAWIIAG BAHAHHE PasMEpoR CceMsAH,
m=Z. 10-4; [ — anddyausrocts, M- 10441,

,.'.lmpﬁ:.r:mnnm;u. KoKk YHKUHA TEMOepaTypH ONHCHBASTCR Vpan-
HEHHEM Appennyca ;

E
D= D,exp ( - -ﬁﬂ—] 1 (3.3)

rae Dy — anpdyausnocts npun Geckomeuno Bucoxofl Tesmnepartvpe,
mEe 10t-y=t; Ep— sHeprusn awtosauumn apddyaun, Ix-smoas—"; R—
rasopad  nocroAduan, Jix-smoas='-K-', Ty — repmoannamuseckas
TeMneparypa, k.

Boanwit notenunan cpean nalyxanus onpelensercs Kak (iyuk-
UHA BAAKHOCTH nousd [75). B ocHoBy A48 OUEHKH BOAHOMO MNOTEeH-
LHATA CCMAH MOAOMCHD ypaBHeHne |[173]

Rrain ()
A m "‘|" M ”nﬂ'
LA i . (3.4)

rae My — napunaibHeii MOARABHHA o0beM BOOH, CM*-MOAL™Y; £, —
KOAHMECTEO OCMOTHYMECHH AKTHBHMX BEOMIOHEHTOR, MV,

Bropan ocolCHHOCTE MOACAHPOBAHHS POCTR IEPHOBLIX H IEPHO-
fofoBblx B mepHoa GOpMHEPOBAHHE BCXOAOE COCTOHT B HeoOXOAHMOCTH
yueTa AWXAHHA CEMHH, KOTOpOS NPEACTAaRICHO 00 Ha4ada FHAPOIH3a
TOABEG ABEXAHHEM 33pooLEilE, B NepHOL HaWadd FHAPOTHED — [1fpd-
CTAHHE — ALIXAHEEM F3POALIIEA B SHACGCMEpME (BaH ceMmanoaeii), mocae
NPOPAcTaiA — TOALKD ARXAHHEM 3HACCHEPMA (CeManoaen),

”pCI]J.EEC AWXAHHA CEMAN ONHCHBACTCR YPaBHeHHAMH

i dRM.
T TR i == iy,
g dRM dR
= et L o = my, (3.9)
d i

= NpH M 2= My,

roe R;— auxanme cemad, r C; RM.— auxanne nopaep#aHHR 3apo-
nuwa, r C; my— BAamiocTs ceMAan (% ). npH KoOTopofl akTHBH3N-
pyerca AWXaHHE 3apofulua; sy — BaaMHocTs ceman (%), npe xo-
TOPOil AKTHBHPYIOTCA NMPOUECCH THAPOAH3A 3ANACOB; My — BAAHHOCTE
cemian (% ) npu npopactanum,

duxaunne spjocnepma (HAH ceManonedl) — HHIKOE BCACACTEHE HH3-
KOl AKTHBHOCTH CHHTETHUYECKHX NPOLECCOB B 5STHX KOMOAPTMenTax
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[13]. Ono oueHuBaeTcd Kak A0AA AWXaknd 3apoawma (#an npopo-
crka) no ypasnenmo (2.3). Kosddwuunent ke 8 ypasnennn (2.3)

cocrapaner, cornacHo [13), 10% awxanns saponwma. Ha amxanne
CeMANH OKAIHBACT AJNAHHE TE‘Z\IIIEPHT}"FJI I'_'Fl'EII_I:J H BTAMHOCTE CEMAN
13, 204].

B nepiol BCXOAM—HaWAND pocTa cTeddd (V 3epHOBHX) HAH 10
thazu ABYX-TPEX TPORHATHX AHCTRER (Y 3epuoboboBLX) pacnpelene-
HIE VIJICBOJAOB MOJETHPYETCH HCXOQH W3 TOrO, YTO B 3TOT MEpHOd,
HET l]l'_"l'ﬁ_l'_;lrl'_:l P 3ACIEHNH fil',lﬂ‘p BIHHHHE MEAsLY HKLLQ‘[ITEJPH!\[]! }'PJt[:-
BONOB, T. &, PAKTHUECKH JAAA BOCro PacTeHHH HMECTCH OIHH NMYA yrae-
pogos. B ofuesm BHie pacnpelefedHe N0 3TOMY NPHHLHNY MOKHO
OCYICCTBAATL B TEMEHH¢ BCero NepHoaa pocta pacTedni -(Boxoakl—
HI]E'I:EHIIE'}, KRakK FT0 QINHCHAHG B 1N, :'. ﬁ,-'I_HZ-I.HI!} CCAH 3aaa4H MOIenH
npeanoaarawt Goaee JeTaibHOe ONHCAHHE PacnpeleleHHd acCHMH-
ARTOB, CALAYET YHecTh TO ofCTOATEABCTBO, 4TO HAYHHAA C ONpEaeaeH-
HOfA a3 pasBHTHE  NPOHCXOAHT BCe OO0BIIAE  cHCIHAAN2AIHA
ARCTHER OTHOCHTEALHO CHalMEHNH YTACBOLAMH PA3AHUHEE KOMOapT-
MeHTOR pacTennd. CROAKa MMOTOMHCACHHWX AAHHEIX, ONACHBAMKILNX
3TOT ACMEKT pacnpeleqcHid accHMEAATOB, nMmeercs B [30, 43)

¥ aepnosmx mHaumHan c pase crebaesamnn opuupyercas apa
nyaa yvraepogon, [lepBuil B3 HEX cO3AACT caMulil Mod010f cpeian aa-
KOHYHBLINX POCT JHCTREB, cHalXawIHA acCHMHAATAMH BHIICpac-
noJdoxennse pactymne TRann. CoraacHo npeactaBAeHHAM, HIMOMEH-
HuimM B [186], 3ToT ANCT, KOTOPHA HA3MBAWKT ACATEIbHEM WEHTPAIb-
HEM anctoM (active cenfre leaf), skcnoprupyer nanfonswWwmi npo-
UEHT AcCHMBAHpoBaAHHOrO yraepoaa. C nosBaeHHeM HOBOTO JHCTA
BTd lpj'“]’“l"ﬂ NOCTENeHHOD I!l‘l:ll'.".‘lil'_ll,'.l_llT K JAHCTY, I{I]TI]]:IHH_ HaA anﬂHﬂ}r-
ueM stane O BepXuHM. BTopuy HCTOMHHKOM ACCHMHEJIATOB  HB-
AACTCH PACNONOMERHWA HHMe UeHTPaNLHOrD AHCTA YVHKILHOHHPYI-
IWHA  AHCT, OTAAOUIHA ACCHMHAATH TAABHEM  oOpa3zoM B KOPHH,
Taxum ofipazom, B pacTennn 31aKa BCErLa HMEETCH JNCT, BEIOIHAKD-
WHA HYHKLHE B Q0HOPA H AKUENTOpa ACCHMHAATOB. 3T0 JAHCT, pac-
NONOMEHHBA MEMAY CAMHEM MOJAOAHM PACTYLIHM JAHCTOM H CAMBIM
MONOAMM H3 3AKOHYHBILNX POCT JAHCTheB, Crapepouimit AWcT He #A8-
JAHETCA AOHOPOM YTACBONOB, OJAHAKO €ro Podb BECHMAa CYLECTBeHna
5 cHabmeHnn pacTeHds NOABHAHEMH A30THCTHMH  COCIHHEHHAMM,
o aaunwwm, npusecgennum B [30], moaoacl AHCT CTAHOBHTCA NOHO-
POM SCCHMMAATOB HE paHee, 4eM O AOCTHrHeT 'f3 wam '/s oxomnya-
TeALHOrO passmepa, coradacHo [l41] —no aoctwsennn 'i—'/; Koney-
HOH naouLamn.

Ha ocnopannn najomenssx npeanockaok onuwes s ofues BiHie

ofipasoBanie nyaa JalHALHEX yraesojos (B rpammax C) 1as -
Goro ancra anaka:

I:flzl[-lil - = iy |
=P — RL) + EFCHy 4 k. 1G4 kF_sCla? - Cla —

— K4 1Clas — 454 #Clay — ASCloy — k5 Chan, {3.6)
i >




rae C! —nya Jaabuabhex yraesosos ancta [, Pp— doTocknTes
aucra ; RLi— dotoasixanne aucra [; A% —napamerp, xapakrepu-

sywwnii noTpebaerne YyrieBol0oB W3 3anacoB  sHaocnepma; kS |

-ﬁ-"r;'":— NApaMETpL, XAPAaKTePHEYIOWHE MOCTYMJASHHE ACCHMHAATOR §H3

HiReaewammx  ancrees; Ci- . CT25 —nyaw  AabHALHWX - yraeso-

A0B HHARCAEHAULIHE JACTRER, C-]II_J—pESEIJEH VIepoa0os  JHCTa i

kY. kP, — MapaMeTpH, XapaKTePHIYIOLHE OTTOK  ACCHMIIATOB

B BHIIENEMANNE AHCTLA; KC — napaMerTp, XapakTepuayOMWi OTTOK
a -
AcCHMHAATOB B KOpPHM; A% — mapamerp, XapakTepHaymWHA OTTOK

ACCHMHARATOR B CBAIAHHOC ¢ JAHHHM JHCTOM MEHAOYIAHE.

B 3aBHCHMOCTH OT TOro, B Kakofl dase pasBHTHA HAXOAHTCH JAHCT,
ypasrenne (3.6) wcnoas3yerca co CAGAYOWAMH TPaHHYHBIMH  YCa0-
BHAMH.

1. llag pacryumlHx nepporo H BTOPOrO JHCTLCBR .l.!‘r'-l:;lr:&::-ﬂ_ nan

OCTANBHHX JAHCTEEB, 8 TAKHME H A48 ACPBOrO W BTOPOrO MoOcAe ne-
pexona Ha aBToTpOdHOE NHTAHHE L-:‘ :.re; -

2. llas sakomguemero poct amcra &S Cio =0 n &7, C- =0

3. Ilna cTapewmerc JAHCTA NOAOKHTENEH TOABKG NEPBHA 4ieH
vpasrenns (3.6). !

4. an pactymiero aucta (B nepuof antoTpodiuoro NHTAHHA) rpa-
HHYHLIE VCAODHA Pasii4iil B 34BHCHMOCTH oT (asW pasBHTHA JAH-
era. Hanpumep, ana gesTensHoro UeHTPANLHONO JHCTE BCe SAEHH
vpasrenna (3.6) nosomuTeanHN,

Ouenka napaMmeTpos kY, ki, ks, kfer,  KFes, KD, R
MPOBOAHTCA Ha OCHOBAHHH 3IHAYEHMA nepeMenHof, onpeleaswiuen no-
CTYNAEHHE 330TA B COOTBETCTRYIOWHE AHCTER W 3navenns C/N B stHx
AHCTHAX.

[lya naluapHEX YEACBOAOB KOPHA OOPA3yeTcHd HCKAWMHTEABHO 34
CHET MNPHTOKA H3 JAHCTLER, A& PACTYUIHX Y4YacTKOB CTeOAR — TaKme
H 3a cuer «potocnuresa crelas. [locne userenna ¥ 3epHOBHY, B OT-
Anune or 3epHofofOBRKX, NOTOK ACCHMMARTOR CTAHOBHTCH OANOCTO-
POHHHM M HANPARIEH B CTOPOHY KOJOCA.

¥ aepuobofoBwx (cod, (acons) BHIEAEHD TPH (pa3H OHTOTEHE3a
[30], kaxaam H3I KOTOPHX XAPAKTEPHIYVETCH ONPeAejeHHHM THIOM
pacnpegeaenns accumnantos. B nepeoi daze, Kak YHe YKaIWBAIOCh,
pacnpeacacHie oCVILECTBAACTCH TaK e, KAk # y 3epuobnx. B dase
BREITACHBAKHA cTe0AR M UBeTeHHA AKUENTOPaMH aACCHMHIATOR HHMHHX
JAHCTLEB ABMAKTCH KOPHH, JUCTLER CPEAHHX APYCOB — KOPHH H Bhile-
PACNOOMEHHHE PACTYIIHE OPrank, 4 W3 JAHCTLCB BEPXHHX APYCOB,
Ve CnocoOHHX SKCNOPTHPOBATL ACCHMHJAATH, NOCAEIHHE OTTEKawT
B BOCXOAALIEM HanpaBienun. Hemoabsobanpe 3THX NPeAnocHIok npH
MOAEAHPOBAHHN PACTPEACACHHA ACCHMHAATOR NOIBOAAET, KAK H C 3ep-
HOBEMHN, YHECThH BIHHAHHE '_ll'PIZJHJiH AIOTHOMD H j'f.'.l-ﬂ'ﬂﬂﬂ_l‘lﬂ["l} MHATARHA.
Qopuupopanne W pacnpefeAenHe nyaa Aa0HALHEX VIACBOZ0BR J10-
Goro ANCTa BO BTOPOH @a3e MOKHO ONHCATE YPAaBHCHHAMN
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{E! [(P: — RL))+ CL,I} — Gl

pra ek, ...

:l'li:,r-“a. | L e
—di = {JE I{Fr = HLJ} e Clr--.g !] — k?clrd# = 5.7
=
— k};'u':iaa - -Ei!ﬁ-urmrr
lgan Ik, ... I
H
o _§ 3 [(pr— RL) + Clu]} = £E Chas — 85,0 (@.72)
= Jz; 1 — 4+ Gaslf — lyp —iab inty\elak g

JI1A I = -|I|- e l|r?.|.|-|
rae & — KOAHHCCTBO JHCTLER HIHHErD ApYCa; 1 — KOJAHYECTEO AHCTLER
CPCAHEro ApYca; M — KOJHYECTBO JNCTLED BEPXHErD Rpyca; Gl —

Ffw

pesepBHEe YrAeBOAH JAHCThEB; AS — napamerp, XapaKTepH3Y WILHA

-

NEPETOK ¥IACBDADE B BLEINENEAAIIHE (MO OTHOWEHHK K AHCTBAM JaH-

HOTO Spyca) AHCTRA; k'fm, — NapaMerp, XapakTepHIVIOULHE NEePeTor
i

YrACROAOB B BHIIeASHALHE PACTVIIRE MEH10Y3AHA,
3uavenns napamerpos &S, K | AC ,  ONpejeasiOTCH Kak

up 2.7 "
OTHOWEHNE KOAHYECTBA HeoOXOAHMBX AA8 pOcTa OPraHos Yricsolon
K HMEeLeMYea VraesoaHoMy nyay u smenawtca ot 0 go 1. Hanpu-
Mep, NpH HEJOCTATKE 330TA B cpeae napameTp &° MOMeT NpeBw-

CHTh 1, TOrma M3 AHCTLER cpeidnero Apyca GoJpllee KOAHMECTBO Vriae-
BoaoR nepeMectuted B kopus. [lpw maduTke asora Oyier oTmeveHa
ofipaTHad NepecpHeHTAlNd NoToka yraesogoe, Ouenka noTpedHOCTH
B YIJIEBOIaX M 430T€ NPOROANTCH, KaK ONHCAHO B L. 2

Tpeten, sapepwapman $asza onTorenesa 3epHobodOBHX XapakTe-
pHayeTc (opMHpoBANHEM W co3pesanHeMm niojos (G6obGos) B nochae-
NOBATEABHOCTH CHEAY BRepX. B 10T nepHoa (OpMHPYETCH HECKOAbED
nyAoR JalHABHEX YLACBOLOB (COOTBETCTBEHHO KOJAMNECTBY Y3A0B).
Bokpyr oTAcAbHEX Fpynn naoaos GopMupyoTes sond, cHadmkaolibne
ATH L1004 FraesoLaMH, H-I'l !'.IEI.'IL' 'FI{HL' Ta MNAGAdoBR HX Jalpich '_'|T'|1-T“'
BAKITCA, YTO NOCTENEHHO NPHBOAHT K COKPALLEHHID NOCTYNACHHA
VIAEBONOB B KOPHH H BEPXHIDKD 30HY H npeéxpalenne ux pocra. B 3a-
BHCHMOCTH OT yolopnfi cpeaun (cwaldmedne asoToMm H BJAarof, resme-
paTypa Boaavxa) Janbo co3pepaT NOYTH BCe MAOAH, ANGO | npH
SKCTPEMAALHMX VCAOBHAX) 4WacTe mAoAoB onafaer. Takas obpazou,
¥ 3epHoGoloBHX, B OTAHMHE OT 3EPAHOBHIX, pacnpeleacHie acCHMMAH-
TOB OpHEHTHPOBAHGO HE B QIHOM HH[[FIHIL‘EL"E[IIH, d B HECKOABHH X,

l[pi: MOAEAHPOBAHHE NYJa A30THCTHX COCAHHCHER HeodxoaHMo
TAK®Ee YyuNTHBATL (PHKCALNI0 A30Ta aTMOCHepH KavOennkasmy, B pawm-
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KaX MJAHHHOMEPHOAHHX JAHHAMHNECKHX Moaeael cyOMOaean pocta
KAVOeHBKOBME OakTepHil e paspadaTeBaalich.

YVeamesm elle Ha 0IHY 0COOCHHOCTE AWHAMHYeCKHX Monenef gop-
MHPOBAHHA KAYECTBA YPOMAN ICPHOBHX KVALTYP, KaCcAOUIVICH 03H-
MHX 3eproBuX. Pa3puTHe O3MMHEX 3ePHOBMX KYJLTYD XapaxTepH-
AYETCA TeM, 9TO Ha sTane 3-ro JHCTa HAN B HAYANE KYILeHHA (370
3ABMCHT OT YCAOBNA OCeHH) POCT pacTeHns (PaKTHYCCKH [pekpa-
mwaetca W BosolHOBAAETCH JNIE Becholl. 370 BH3WMBaeT HeolXodH-
MOCTE MOASAHPOBAHHA <3HMHEr0® NEPHOAA HH3HHM JAaHHOR rpynnd
IEPHOBMX KVALTYP. Henoapiobauu caeayomne npeanockiakn, Bo-
nepBwx, BHcKazanHoe B [234] nonowendwe o ToM, uTO BANAHHE TeM-
[rEFI-ET}'pH HAa F-I'_H:'I' H ACCHMHARIINI UC}'U!_E‘E'I’HHHETEH i [h] PHHI[H'&.‘I o=
Haaam. [NostoMy B paje cAy4aes, B HACTHOCTH OCEHLIO, yeaoBus Go-
nee ONArONPHATHH OO ACCHMHJAAINH, YeM AR pOCTa, BoJeIcTRHEe
YEr0 HAKAMANBAKWTCH NOABHMHEE yraepoiw, Bo-pTopux, B auMHni
MepHOA 3aMaceNHue YIASBOAL 3ATPauHBAIOTCH HAa AWXanHe Noalep-
sanus. [MosToMy MOIeaHpOBAHHE NepPe3uMOBER pacTeddl (B Onoo-
THYECKOM NJAaHe) CROANTCHE K MOJETHPOBAHHIG HAKONJACHHA Aaliib-
HEIX YIIEBOJOB OCEHLED, 3ATPAT HX HA JWXaHHe NOJACPMAHHA 3NMOA
H OIEHKE MJAOMEAAH ACCHMHAHpYHINER MOBEPXHOCTH HA MOMEHT BO-
300HOBJACHHT BETETALLHIL,

[Ipeanochlaky, HCNOALIOBAHHLE HAMH NPH MOAEJHPOBAHHH Ha-
KoNJenHa fedKa H KpaxMala B NepHOA HANHEA ¥ 3€PHOBHX KVILTVP
OCHOBIHEL HAa NPLICTARICHHAX O Z2AKOHOMCPHOCTRX STOMD 0POLecda,
pasenBacMmux B [47, 48, 51, 208).

[Tya cyficTpaToB 1A8 CHATE3a 3ANACOB B NEpPHOA HAJAHBA CO3MACTCH
¥ 38PHOBREX B npolecce QOTOCHHTE3a AHCTLER, cTEGAR H KOJOCA ¢ Vye-
TOM 3aTpaT Ha $OTOAUXaHHE M AMXanHe nojiepxannda. B skcerpe-
MAALHHX CHTYAUHAX, HANPHMEp NpH 3acyxe, NVA NONMWIHAETCH 34
CHET FHAPOINAA noAncaxapuaos crebas,

HeTouHRKOM 138 CO3AAHNS NYAa a30THCTHX COSAHHEHN RBASIOTCR
JAerpaaHpyoliie cTPYKTYPH 32KOHYHBIUMX POCT OPraHoB, a TPH Ha-
JHUHK B 5TOT NMepHoa AOCTYNHOrO 23074 B NOYBE — TAKME M MOYBEH-
HE 2307,

DopuMHpOBAHHE B POCT eMKOCTefi A1 CHHTE3a 3anacoB  3CpHA
(y 3epHOBHX H 3epHoO00OBHX) H ceMAH (¥ MACAHYHBIX) MPOHCXOINT
A0 HAYEAA HAJAHBA B COOTEETCTEBHH C TeMH Me 3AKOHOMEPHOCTHAMH,
YTO M A POCTA BEreTATHRHWYX opranos, CyGeTpaTi H3 NyJOB MOCTY-
nawT B y#e chopMHPOBAHHLME EMKOCTH H HX PasMep 4acTo ABJARETCH
JAHAMATHPYIOWNM (akTopoM npH Haauee, CrepopareisHo, NpH Moje-
AUPDBAHHH NPOHEcca CHHTE3A 3AMACOB ¥ 3CPHOBHYX, 3eprobofoBRIX
H MaCAHMHHX KYJALTYP cAelyer BuAeanTs OJ0K pocTa  eMKocTeit
n GA0K nannea.

[lpy MOaeqHPOBAHHH CHHTE3a 32Nac0B B 3EPHE CVIIECTBeHHMM
MOMENTOM fABJRETCA OUCHKA BPEMCHH 3aBeplISHHA POCTa 3CPHOBKH,
KaK eMKOCTH AajbHefillero oTAOMEeNHA B 3amac, H HAYaJa Haaupa,
Ecan n3pectHo ovthomenwe CfN ana sakonunswedl poct 3epHOBKM,
TO 3TOT NepBHA nepuog GOPMHPOBAHNA 3epHA MOISMHPYETCA B co-
OTBETCTEHH ¢ 3AKOHOMEPHOCTAMM pPOCTA BereéTATHBHHX opranos. Boe
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[225, 22G] npemharaer Apyrofl MEXaHHaM NEPeRKAKYEHHd NpOUecca
OpMHpOBAHHA 3CPHA Ha 3Tan waausa. Jlaa peaamaauny sToro Mexa-
HH3Ma HeolXOAHMO 3MaTh NOTEHUWHAALHO BO3IMOMHBE CKOPOCTH Ha-
KONJACHHA YIAGBOJ0B M 830Ta B MEPHOA SKCNOHCHUHAILHOTO poOCTa,
T. &. POCTa 3epHOBKH MO HAYAJAa HAaAHBA, H B NEpHOJ JHHEANOrD Po-
cTa, T. & pocta npn naanse. [Mo muennmio Boca [225, 226], waans na-
YNHACTCA ¢ MOMEHTA, KOAA CKOPOCTh SKENOHEHUHAJABHOTO poOcTa A0-
CTHraeT YPoBRHA JAHHEAHOTO pOCTa.

Bropuis cyLICCTBEHHEIM MOMEHTOM HPH MOISAHPOBAHMH HAKONJE-
nHA enka B 3epHe SBAAeTcA HeoGXOAHMOCThL vdera Toro (akrta, uTo
NPH HAJTHYHH B NOYBE JOCTYIHHX COSAHHEHNR azoTa GOoALWYIO POk
B HX HCOOALIOBAHNK A CHETE3a GeAKA HrPAcT HHTCHCHBHOCTL Tpamc-
nupaunn [47]. [lpn ycacensax, GaaronpHATHREX AA8 TpaHCOHPALNHY,
CHHTE3 0EJKA B 3epHe VCHOPHETCH,

Caelyer yd9ecTh, 4TO OpH MOASNHpoBaNHH CHHTE3a 3anacoB rJas-
HOE PA3JAHYHE MEHRAY SepHOBHMR H 3epHobO0OBLIMHE, 3 TAKAE Mem1y
OTASABHEIMH 3epHOOOOOBLIME KYALTYPaMH APOABJIACTCA NPH OUEHKE
SHEPTETHYECKHX 3aTpart, pPasInyduX AJA PasHbX XHMHYCCKAX KOM-

NOHEHTOB, T. €. NpH CcneHKe napamerpa RC = B ypasmemnn (2.74).

Mo naunss [Menunura ne @Gpnza [178, 181], nanGoasmwme nuxaTelb-
HHE 3aTpaTel HeoOhXOOHMMB A8 CHHTE33 MNPOB, HaWMeNbllHe — AIA
CHHTE3a Kpaxmana. CAeayer OTMeTHThL, 4TO ¥ KYABTYP, A0H KOTOPWX
DUHOBHEM XHMUMCCKHM KOMIOHEHTOM Xo3RRCTEEHHO HCHHOR wSacTH
YPOHAA ABAAKTCA HHPL, NOTENUMAABHAA HHTEHCHBHOCTL (POTOCHH-
Te3a 0O0JIee BHCOKAA, YeM ¥ KVALTYP, BHPALIHBAEMMX ¢ LUEJb MNo-
AyucHHA OeakoB H(Han) Kpaxsana.

HapecTHo, uTO DHEIIMHE YCAOBRHA B NEPHOL HAAHBA OKA3LIBAIOT
OOABIIOE BAHAHHE Ha KawecToo ypoxaa [47, 51, 76). [lopmuwenne
TEMNEPATYPH BOZAYXA H CHHAMEHHE BASMHOCTH NOYBW N BO3AYXA CNO-
cofeTeyer GopMHpoBaHHID BHcorobeakororo aepaa. OTpunarenbhoe
po3AcficTONG OKAIBBAKT HHIKHE TEMMOCPATYPW H BECOKAR BJAaM-
HOCTB NMOYBW H BOZAYXE, cnOCOGCTBYIOIIHE NOBLIMEHHID COfepHAHHA
Kpaxmana B szepue, ‘B naxonnennn Oeaxa ¥y HEKOTOPHX aepHofobo-
BHIX, HAMPHMEP V cOR [76), cOXpaHAeTcH Ta e 3aKOHOMEpPHOCTh, UTO
H ¥ 3e¢pHOBHIX. OTHOCHTEILHO HAKONJACHHA Macia B ceMmeHax con [76]
AaHHbIE MeHee OJHOIHAYHH, OJNAKO B HEJoM ¢AeiyeT CUHTaTh, 49TO
NOBHLEHHOE VBAAKHEHHE o HUSKHE TeMNepaTvpH CnocobeTBYIOT
CHHTE3Y HHPOB B CEMEHAX.

3.2, KayGne- 0 KopHenaoms

Cneunduueckne ocobeHHOCTH JAHHHX CPYIN KYALTYD B NJI4HE MO-
AGNHpoBaKNA GOPMHPOBAHHA KAYeCTRa Ypowaa HeoGXOAMMO YUHTH-
BATEL ¥ie ¢ PAHHHX a3 pasBHTHA.

KYALTYP, pasMHOMAEMHX HKAYOHAMH, HanpuMmep v Kaptodens,
MOICAHPOBAHHE NpOuUECCA HAKOMJAEHNA nyJaa cylcTpaToB AMR pocTa
B PAHHBA nepHoa MHIWK HMeer pag ocobewocTedl. Bo-mepeux, no-
FAoileHRe oMM KAyGHeM He MOAGNHPYeTCs, HOCKOALKY KAVOEHbL nps
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nocaake ofaajaer JOCTATOMHHEM KOJAHYECTBOM BA4rH, a xoa Hincao-
FHYECKHX MPOWECCOB 3aBHCHT o7 Temnepatypw [90]. Ilpn temnepa-
Type Bue ~3°C  HaunHaeTcA THAPOAHZ 3ANACOB H HAKOMAEHHE
naacTiueckuy semecrn. OaHako Aas pocTa NPopocTEa HysuHa Goaee
BucoKan Temnepatypa (6—7°C) [90]. [lpn Temneparype Hume 6—
7°C rnapoans Haet, CAHAKO POCTa HeT, @ NAACTHYECKHC BelllecTRa
3ATPANHBRIOTCA Ha H3pACTaHHE — OOPAI0OBANAE MOJOAHX  KAYGeHb-
kon, Bo-sTopux, 3anackl yrieeofon MaTePHACKOro KAVOHA HHKOrAa
He HCTOLAKTCH 10 BCXOL08.

Imapoans sanacos KayOuefl kaprodean npH npopacTaHHH ONHCH-
BACTCH YpaBHEHHAMH

i AR TRAN
-d{LL::— Fex(Ts)
"_‘i:;?;:’_= npi CNPEL' < CNJes << (Cl)res, (3.8)
— kenCNresFEn (Ts)
npi  CNPje <5 CNZS

Vpasweuns (3.8) cnpasenansu npn Ts=3°C.
Mpn Temnepatype, Goavmed 3°C w menpwei 7°C, npoaykTs rua-
PON3A 3aTPANHBAKTCA Ha H3pacTawme KayOwHeil:

dCN
L‘;":}W_?ﬁm—” npn 3°C=Ts <7°C, (3.9)

rae (CN)pne— 38TpaTH Ha H3PACTAHHE,
Cropocth o0pa3oBaNis poOCTOBOIO NyJa YIIEROLOB 3ABHCHT OT
TEMNEPATYPH NOYRBE B NepHOA NPOPACTAHHA:

dchs 4
Bi iak Rni &
d'z;w _ =g pm Ts =T7°C, (3.10)

0 npn 3°C=Ts<7°C.

CooTeeTcToeHHO 3TOMY QOpPMHpYETCA H POCTOBOH Ny aA30Ta:
| dNih + dNane

i i
npr Ts=T7°C n (=1,
aNfly | ONE,

M di
mpr Ts=T7°C n { <{;
0
npit 3°C=Ts < T7°C,

(3.11)

rae Iy =— BpeMA NpopacTaiiA.
Morsomenne asora Ads Kaprodeas W APYTHX KYALTYR, CORepHa-
IHX B NMOCCBHOM MATepHAAE AOCTATOYHO Kpaxmada, HO HeboALLUIoE
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KoanuecTeo Geaka, HeohXolnMo MOLCAHPOBATLE ¢ MOMEHTA Opopacra-
uun. Moaeanpopanne o0pazopaHuA Nyga cyOcTpatos A48 pocTda H
pacnpeleneHHd ACCHMBIATOR OCYIECTBARCTCA B AEPHOL BCXOAN —
pETEHHEe B COOTRETCTBHM ¢ OOIWMMHE DPHHUHOAMH, HIAOHEHHEMH
B ora. 2, HeofxoauMmo yuecTs JHWIL BREASAL  3a0acOoB  MaTEpHHCKOTO
gAyGHA H rerepoTpoduyle (QHECAHKD COy, KoTOpas A0BOALHG cYlLe-
cTBEHHA B pawnHil NepHOA #H3HK  Kaprodeasnoro pactenna [90].
Haunnan ¢ dass GyTOHHIALNE H B ocOGEHHOCTH NOCAE UBETEHHHA Xda-
PaAKTEp pacnpecicHHf ACCHMHAATOR ¥ HKaprodens MeHAeTcH — OC-
HOBHOM NOTOK ACCHMHAATOR HANPABAAETCHA B KAYOHH.

B nepunon pocra kaviOued QOpMHPVETSH To HAR HHOE Ka4wecToO
KoHEUHOro ypomad. Kauectso waprodens onpelenserci OTHOCH-
TeApHHM COTCpanues B cyxoil macce KaybGued kpaxmana, Geaka u
putavuma C |90, 134). CropocTs cHiTe3a Kpaxmana B KaybHax za-
BHCHT OT ofbeMa nyJa JAadRALHEX YrACBOJ0B, cHAOMeHHA a30TOM
H BHEWHHX yeaosmii [90, 94, 134]. Ilpn ycnosmax, GJaronpHATHHX
118 dotocunresa, B KAYGHSX Hakanameaercs 0oAblie Kpaxmana.
IMps oueHKe BANSHHA TeMNepaTypH HA CHKOPOCTH CHHTE3a Kpaxmana
caeayer yuecTs yeraoptennuui B, A, Pyoumum [90] dakr aaduas-
HOCTH TEMIEPATYPHOrO ONTHMYMA AAA CHHTEIA Kpaxmaia B Kayh-
nax Kaprodeas. Hanfoasline ZHAYEHHA  ONTHMYMA  OTMENAOTCA
B HAvaJLMHEA nepHog pocta KayGHed, K KOHLY BereTaliH onTRMYM
CHHHABTCA.

Hegoctatok azora © nepiog KayGHeobpasoBanua cnocoleTeyeT
GoALIIEMY HAKONAEHHI0 Kpaxmana B kayinax kaprodens. OcobexHo
YeTKO 3TO nokasano B pafGore [94]. B stofi we pabote npeicTaBaes
HETEPeCHWA (PEKT B NOAL3Y KOHUENUWHH MOPGOreHeTHISCKOTO NPHOPH-
TeTa KOPHECH OTHOCHTEALHO a30Ta: NPH CHHMEHHH COASPHAHHA A30Ta
B MHUTATEALHOM PACTBOPE CHHMKEHHE €ro OTHOCHTEABHOTO HKOAHMCCTEA
b HaJ3eMHHX Oprafax ropasao OoabWe, YeM B KOPHAN, BO BCAKOM CAY-
YAE MNpH YMEPeHHOM Aa20THOM CTPecce. B monean I[EﬁJlﬂ!‘ﬂllpHﬂTllﬂE
panAnNe RabHTKAa A30TAa Ha KauecTBo Kaybuell momuo yuectes Gaaro-
aaps TOMY, 9TO OpH H30HTEE A30Ta POCT JAncrees W crefied npozoa-
WHACTCH HEKOTOpOe BReMms nocie¢ UBeTCHHA, T.e. HMEWTCHE ABA KOH-
KYPHPVIOUIHX 33 accHMHAATH UenTpa.

Mogeanpopanne QopMEPOBAHHA Ka4ecTRA YPOKad KOpHENAOLOB
OCVUIECTRARSTCA HA OCHOBAHMH TeX e NPHHUHMNOB, YTO H APYIHX
kvaLTyp. HanGoapnree sHauenne cpeal KOPHENAOAOB HMEET caxap-
Haf ceekda. [TokasaTenem HKauecTBa KOPHENAOAOB caxaproil cpexas
ARAACTCH cofepdanne caxapa, 3ajlaqa NPH OUCHEE KAUECTEA CHO-
AHTCA K ¥CTAHOBACHWE) MOMCHTA HAYaAa pa3pacTaHdd KOPHI H CHH-
Te3a caxapossl N3 NOCTYNAKINNX M3 JANCTLEB rexkcod. o sToro Mo-
MEHTA KOPHHN BHNOANAIT NOTIAOTHTEALHVIO (YHEUHK B POCT pacre-
HHA MOoJeanpyeTcA ofbyHEM OOpa3soM: HAKONACHHE NyAd cy0CcTpaTos
H HX pacnpeaeieHHe MeHAY AHCTEAMH H KopHAaMH. Cheayer oTse-
THTE, 4TO MOAeak (MOPMHPOBAHAA KAYECTHA YPOHMAH KOPHENAOQOB,
B YACTHOCTH caxapHofi cBeKAW, ABAfAeTcA Hanboaee npocToll 0 ee
CHCUHpUEALHAE 1 HACHTROUEAUNA Jerko Momer OHTh nNpoBeseHa
H2 OCHOBAHMH NPHHALHANOD, HINOKCHAWX B ra. 2.

105




Faaea 4

YncacHume monenn ¢lﬂp MHPODEAHHA KAYeCTBA YPOAH
CEALCKOXOIANCTREHHBIX ENJABTYP

B camoMm ofuem pHae paspalboTHa 4YHCACHHWX MOAeICH Ha OCHO-
BAHMI TEOPETHUECKHX MOgedell CBOAHTCA K HAXOMKISHHNY Paspela-
Hero oneépaTopa MoOACAH H pacieTa ¢ NOMOILID MOMEAH JAHHAMIKH
NepeMeHibly COCTOAHHA HAa ONpejeNeHHoM NPOMEeHYTEE BPeMenH.
Pacemorpum BHavate ofuiHe NPHHUNNE MOCTPOSHHS YHCACHHEIY MO-
nesefi, a8 3aTeM — HHCACHHVID MOAeds POPMHPOBANHA KauecTea Vpo-
#Mdd IEPHOBH X KVALTYP. HHcaennwe Mofenn AMA APYIHX FPYON KVAb-
TYP CTPOSRTCH AHANOTHYHEM 00paz0oM.

4.1. O6mMe NPHAUMNLL PA3paAGOTEN YHCACHHBX MOLeaeH
Hi OCHOBAHHH TEOPETHHCCKHX MOLCACH

Mul cunTAEM BOSMOMHMM BBISJANTL ABa THOA YHCAEHHBX —MO-
Aeneil:

1) mogean, npH CO3AAHHH KOTOPWX PellaeTcs Npesje BCero 3a-
4a4a NPOBCPKH KOHUENIHH, BAOKENHOR B TCOPETHYECKYH MOJedb, M
AJCKBATHOCTE MOAEAH ONHchBaeMofi cucTeMme JdokaswBaeTca Oes He-
NOBICBAHAA KAaKHX-AHG0 MATEMATHYECKHX KPHTEpHED;

2) mogens, cooco0OHOCTE KOTOPHX HMHTHPOBATH XO4 NPOAVELH-
OHHOIMO NPOUECCa B IABNCHMOCTH OT Yedopuii pHewHed cpeaw mokKa-
3AHA ¢ AOCTATOYHON TOMMOCTHIO (TOMHOCTE ONpEleNAcTCH pemacMol
aapaued).

B ofokx cayuasx A8 HAXOWIEHHA Pajpelaollero onepatopa
NpHMeHRIOTeR AnGo anafuTHUecKHe, AnGo wncheHnHe Meroad. Bro-
poit noaxoa ApAseTcH Hamfogee PacnpoOCTPaHEHHMM, TAK KaK aHadH-
THWECKOE PelleHHe JAns Mojenell, oNHCHBAKIINE CTOMKHEE CHCTEMEL,
He Boerfa Bosmoxno., Hauve Takme MCnoAbL30BAH YHCIEHHBN MOAXOI.
Hudpepenunansitie YpapHeHHA, ONHCHBAWUINE CTPYETYPY Moaean,
3ANHCAHW B anckpernoil gopme ¢ warom | eyren. [lporpamsa ans
pacueror ua IBM cocTapnena ua Asuke Poprpan-1V.

4.1.1. Papadorkn wucrcmEMy woqeacl, anekeaTe oTeEp IRy
PERALNYHE CHETEMY

Hpentndukanis napaMeTpon npn paspaloTHe TAKHX MONenell He
TpelyeT CAOMHEX MaTemMaTHuecknx smeroios. [octaTodHo Honoasso-
BATH NapaMeTps H3 QonveTHMol ofaacTH 3HaveHnfl, KOTOPYID MOMHO
ONperennTs HA OCHOBRHHH AHAAHZA SKCMCPHMEHTAALHKX JAHHHX,
NOAYHEHHEYX paspaloTyHKOM MoOJeNH HAH NpHEejeHHHX B JAHTepa-
Type. Ecan Takux AAHHBIX HET, NPH HASHTHGHUKAUHKN NapaMeTpoB He-
noae3yercs meroq npob n owndoxk [192]. HeoGxoaumo onpeaeinTh
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TAKME AHAJHTHYECKHIl BHA HCOOALIOBAHHWX B MOLEAH IMOHpPHYE-
CRHX vHEWHA, HanpAMep GYHELHAA BANSHHA BHENIHHX YcJoBHl Ha
CHOPOCTE TOTO HAR #Eoro npouecca. Jlaa sToro REnNoALIYeTCA KAKOi-
ARG 03 METOROD ANNPOKCHMaHN,

MMocae npoumeayps wacHTHGHKAUHN napaMerpos H annpoKcHMa-
UHH VHKILAA, B KOTOPLIX OblT HEH3IBECTCH, OLEHHBAGTCA ANEKBAT-
HOCTE MOZEAH ONHCHIBAEMON CHCTEME, T.& NPOBOAHTCA BepMipHKaLHA
modenn. B [B9] onncamo apa noaxofa K npopepke monench, [Tepoeii
3 HHX COCTOHT B CPARHCHHH PacdeTHRIX N HalMolacMBX B SKCOE-
puMenTe TpaexkTopuil (azopwx nepemenHmx. Yauwe Bcero npaMeHs-
€TCH TaK HadbBaeMoe NOTOMEUHOE CpaBHeHHe, T.¢. CpaBHeHHe pac-
HETHHIX KPHEHX AHHAMHKH NepeMeHHbX COCTOAHHA MOAEAH ¢ JaH-
HEMH HAOAKIEHWA, KAK NPABHAD, AHCKPETHHEMHE, NOAYUEHHHME B [10-
CAeN0BATENLHBE MOMEHTH Bpesmenn. B cayuae worga wabaoaenns
NOCTATOMHMO HacTH, NPHMeHAeTcA Takse seroa Cafepra, npeaio-
ANBIErDs HCMOVILI0BATE AOA OUEHKH AZeKBATHOCTH CHOCOOHOCTH MO-
AenH BOCTPOH3BOANTE TakHe ocofeHHOCTH SKCIePHMEHTAJIBHHEX KpH-
aLX, Kak: 1) uHcao Towek sxcTpemyma; 2) pacnpegeieHHe TOUEK
SKCTPpeMyMa PO BpesMend; 3) HanpapaeHHe HaMeHeHHll B TOUKAX SKC-
TpesmyMa; 4) aMnanTyia BOIMYUWEHHA Ha OQHHX M TeX e oTpeskax
BPEeMEHH; D) CPeaHHE 3HAYEHHA nepeMeHHnx; §) ONHOBPEMEHHOCTH
SKCTPEMAALHEX TOUEK QMR PasHKX NepeMedHHuy, 3ToT e MeTon
onncan ¥y DaaAasuna [7].

Bropofi nmoaxol K oOUeHKe AZeKBATHOCTH MOLEAH, NpHBCIeHHL
6 [89], KoTopHil MH cYHTaeM BeCchMa HEHHBIM, COCTONT B BOCOPOHS-
BEACHHN CHTVAWMHI, HMHTHPYIOUIHX pPasidylble SKCNepHMEHTAALHHE
BO3ACHCTEHA, H B CPABHCHHH PeaV/ILTATOBR HMHTANNH ¢ NOKA3AHHAME
peadbHbX SKCTePHMEHTOR.

Ilnpoko pacnpocTpaHeHHBM METONOM OHEHKH ARCKBATHOCTH MO-
aAean seagerca wmeton Tewopeura, onncaniwii, 8 wactEocTH, ¥y [ans-
smuna [T] # cocTosumuit B TOM, HTO «CTEMNEHb BROCTPOMIBEICHHA® MO-
AeNb PeaabHOl CHCTEME OUCHHBASTCH Ha OCHOBANHE HMEOUINXCT
B pacnopsieHHn paipadoTdHEa MOXenH 3naHnfl o npouecce. Ecan
paspaloTUHK He ABAHETCA CNeUHanHcTOM B maumofi ofjactd, AnA
CUEHKH MPABIEKASTCA SKCNepT. HecoMHeHHO, YTO NPH TAKOM MOAXOAE
B OlEHKE BCETAa HMEETCH HAMeT CVOBCKTHRHOCTH, ONHAKO METox
BNOJHe NPHMEHHM A48 BepHpHKALNRH YHCACHHEYX Mofenefl, KaaccH-
(PHOHPORAHHEX HAMH K3K MOAEAH nepsoil rpynnm.

Hakowen, npH HceJeaoBaHMn  MoledH Ha OCHOBANHH  amajHia
HYYBCTBHTEABHOCTH PElIACTCH, KAKHE NapaMeTpu, CHRIN Memx1y nepe-
MCHHEIMH, BHEWWHE YCAOBHA OKAIKBAKNT HanGoaemee (HanMeHblIee)
BANEHHE HA NOBeLeHHe MOOEAH. 370 NOIBONAET OUeHHTL, ¢ KaKof
TOMHOCTBID CASAYET ONPEaedATh Té HAH HHEHEe NapaMerphl, YEasklBaeT
Ha HeoOXOAHMOCTE YTOMHEHHH CBR3EN MeMIY NepeMCcHHEIMH H T.[1.

Taknw obpazoMm, M noayuaesm WHACACHHYK MOAeAbL, NpPH paspa-
foThe KoTopofl OHeHeHa NPaBHALHOCTH KOHUENINH, HCMOALIOBAHHOM
MPH MOACAHPOBAHAH, BepRpHINPORAHA NPOrPaMMa PACHETOR N0 MO-
ABAH, oueHeHa ANEKBATHOCTL MOACAR ONECHBaeMofll cHcresme Ge3 He-
NONLIOBAHAA MATEMATHYCCKHX KPHTEPHeB, NPOBEIeH AHAJHI YVECT-
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BUTEALHOCTH. YncaeHHas Momens TaAKOrMo poaa MOMeT OHTE HCONMIL-
F0RAHA 0408 HCCAeAO0BAHHA BJAHAHIEA '_U'E.'Iﬂli]!r'l BHELIHER Cpeakl ' Ha
HPG.E.}"HI.I,I-l'IJIIIIhIH' NpoUec: H OTAEJBHEE er0 COCTARARImpe. B npo-
mecce OUeHKH aleKBATHOCTH MOJeAH H HA OCHOBAHHH AHAAH3A YYBCT-
BHTEALHOCTH MOACAH MOMET OHTh CALENAH BHEON O BOIMOMHOCTH &8
MPaETHYECKOrD HCNOAb30BaHHA.

412, Coxmamne wincacHnmx soneaeh, MECAHAIHASCHARY LT P EieH i
NEALTHECCEHX Janay

Uncaeniue MOAcaAd, NpefiHasuavennue JA8 PeUICHHA KOHNKPETHHX
NpaKTHYECKHX 3a1ay pazpalaTRBaOTCA TaK Ke, KAK YACACHHHE MO-
AeaH nepsoil rpynns 3a HCKAKYEHHEM TOTO, 4YTO AAKBATHOCTE MO-
nenel peaasnofl cCHCTEME AOKAIWBASTCH ¢ HCNOJLIOBAHWEM Onpene-
ASHHBYX MaTeMaTHYecKHX Kputepues, Heolxoanmo npoBectH Koawge-
CTEEHHYI0 Bepupukaunw (HAR no Apyrofi TepMHHOJOTHH — BAAHLA-
unio) sogenn. das storo HeolxoauMma npesae Beero nacHTHORKaLNA
napaMerpoB (HAH coraacko, Hanpusep, [197] —kaaufposka Mmo-
AeNH) ¢ HCTOALIOBAHHEM NPOUSAYPH ONTHME3ALUNH HAa SKCOEPHMEH-
TANLHOM MATEpHate, NOAYHEHHOM B KaKHX-JHOD KOHKPeTHHYX YCAD-
BHAN. MeTon ONTHMHIAUHN HACTO HCMOABLAVETCH NPH OUEHEe napa-
METPOR AHHAMHYCCKHX MOXeneli NpoavKIHOHHOMD NMpOouecca pacteHni
1 OTACILHMX ero cocTaphnmomux [7, 40, 74, 197, 228]. Cheayer or-
METHTEL, HTO 3TOT METol Hanfodee yCnellen B TOM caydae, ecdi npn-
MEHSIOTCH AAHHHE, NOJYYEHHHE B KOATPOAHPYEMBX VCAORHHX, Ha-
NpHMEP NPH HCNoAb3oBAHHK GuToTpona. Hanpumep, B mogean [228]
TAKHM [NOYTEM OUCHEHIE MAPAMCTPH, JABHCHMEE OT MOJRTH {I‘I:EL]JH—
METpe TeMmnepatypHoil GyHEUHH (OTOCHATE3A, NapaMeTpl, CBAIAH-
HHE ¢ ONHCAHHEM POCTA CTPYKTYP, NapaMerpul NepeHoca Yriaepos-
HEX NMYJ0B H napaverpw crapennd). Kaxk npasmio, onTHMH3AHHOH-
HHF NOHCK BENETCA AAH AAHHHX, NOJAVYEHHHX B KAKHX-AH00 KOH-
KPeTHWX YCAOBHAX, H [QJ% APYrHX voaosnil Haligennue napamerps
NpHBEAYT K HHEM pe3yabTaTaMm pacueron. 3710 ofcTOATENLCTEO Orpa-
HHYHBAET HCNOALIOBAHHE METONOB ONTHMH3IAUHA AJ8 OUEHKH napa-
METPOR.

Bechma nepcneKTHRHHM RBARETCH pacueTHH smerom waentHdi-
Kauui napaMerpos, npegaosentuii snepewe [loaepum [54] nam
OUEHKH NapaMeTpos PocToBmX (WHKUHA B AHHAMHHCCKHX MOAeCadX
APOAYKTHEHOCTH, HENOJLIVEMBX TpH paspaloTEe JHHAMHKO-CTATH-
CTHYUECKAX METONOB NPOrHOZHPOBAHHA VPOXKaAHOCTH ceabCcKoXo3AficT-
BEHHHX KYJABTYP.

[Tpn woanuecTeeHHON BepHpHKAUNH MoAeH HEOOXOAHMO PEwiTh
zafauy BHOOpa KPHTEPHA OUEHKH CTENeHA AJACKBATHOCTH, JTor Bo-
npoc AoCTaTodMHo nojpobHo oceemen B |7]. KputHueckoe paccsmorpe-
HHE MeTOAOB OHeHKN Mofeneli nyTeM CTATHCTHYECKOTD CPABHEHHA
HalmogaeMBEX H HIMATHPORAHHEX 3HaueHnfi npopegeno B [231].
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4.2. Hecen0oBAHAE B YHCAEHHBIX IKCIEPHMEHTAX BAHHHHEA
ArPOMETEOPONOIHHECKHX YCAOBHA Ha KAYECTBO YPOMan
IEPHOBMX KYJbTYP

B pasaene 4.2 naomeHa YHCACHHAR Mogedb (GOPMHPOBAHHA Ka-
HECTBA YPOKAR SePHOBHX KyALTYP. Jlas APYrux rpynn KyALTYp une-
JEeHHBE MOLeAH MOryT OMTh DOCTPOSHH HA AHANOTHYHMX NPHHIHIAX.
Moaens sepudiunposana no Mmetoly ThOpHHTA © HCNOALIOBAHHEM
CcOBCTOCHHOrD WAM  3aHMCTEORAHHOTO H3 JNTEPATYPH  SKCOePHMOH-
TaJAbHOTO MaTepHada. JMuupHuecKHe (QYHKURH NOAVHCHM N0 3KCne-
PHMENTAABHWM Jdannsy MetofoMm PozenSpoka [91] Haenradmka-
KA NapaMeTpoB NpoBejena Tak e, Kak u B [192].

[Mpn noafiope CTAHARPTHHX 3HAYCHNI NApAMETpoOR PACTEHHR AAR
YHCACHHON PEaNN3aANNH MOACAH ME  PYKOBOACTBOBAANCE  CJEAVIO-
ugsn coobpaxennami. TTapamerpsl pasjejedsl Ha YeTHPe CPYNOL:

) napameTps, XapaKTePH3YIOUIHE HAYaJbLHOE COCTOAHHE pacTe-
HHA: CYXad MaCca W BJIAKHOCTE CEMHH NPH NOCEBE, PAajHYC CCMAH,
cogepaiande GeaKa H KpaxMana B CceMeHax, BIAKHOCTL CEMAH, No-
CTATOMHAR 04 I'I.F'f:li:lﬂl:'l'llH“H',

2) napameTpu, ONHCHBAKWIINE CKOPOCTH MojeaupyemMux duano-
A0T0-GHOXHMHYECKHX NPOLECCOB NPH ONTHMAILHHMX A8 NpOTeKaHHA
3THX NPOUECCOB YCAOBHAX BHEWHEN CPeab: CKOPOCTE THApPOAN3a 3a-
nacHoro DBAKa H Kpaxmaia 3HiocnepMa, cHOPOCTE AKTHEHOMD NO-
FAGHIEHHA A30TA KOPHAMMH, NAATO CBETORMX KPHRHYX (OTOCHHTE3Za H
HOTOAMXAHNA, CHOPOCTL FHAPOAN3A CTPYKTYPHHX OelKOB  JIHCTLER
NpH CTAPEHIN;

3) napamerpw Goaee obulero XapakTepa: napaMmerp, XapaxkTepu-
IVIOULHA 3aTPaThl YrACBONO0B Ha ALXaHHE pocTa W ALXAHHE NOLLep-
MAHUA CTPYKTYP, Temneparypuufi  Kosdduikent Temuomoro JAu-
XaHHA:

4) napaMeTpn, XapPaKTepHIYWOUIHE HACTYNASHHE OCHOBHMX (a3
pazEHTHA (KVILeHHe, KOAoleHHe, HUBeTeHne): cymMa 3pPeKTHBHHX
TEMIEpaTyp.

HenoasayeMie npin pacietax no Moieid GyHKUNN pa3zieisioTcs
Ha AR FPYNNK:

1} smMnupHueckne GYHKUMH BANAHMA BHEWHHX veaosnii (Temne-
PATYPH BOZAYXA, TEMNEPATYPH NOYBH, BAAXHOCTH NOYBH);

2) dwHEUHN, pACCUHTHBASMBIE W3 camoit Mogenn ((QpyHEWHA, pe-
TYAHPYIOWAA pacnpeacicHie YrACBOLOB H A30Ta MERIY PACTYILTMH
OpPrasasy).

[MapameTpu, HenoAbayeMue NpH  PacdeTe AHHAMHEH A30THCTHIX
COEAHHENHA B NoWBe, Pa3leieHl TAKHKE HA JBE rPYNL:

1) napamerpuw, onpeieifoiiie HAYAALHEA YPODEHb aA30THCTHIX
COENHHEHNA: COAEPMANNE AerKOrHAPOAHIVEMOro a30Ta, AMMOHHA N
HHTPATOR B NONYBE;

2) napameTpd, ONHCHBAWILKE CKOPOCTH NPOUECCOR B3aWMONpe-
Bpalennll a30THCTHX COEAHHEHHA NpPH ONTHMAJBHHEY JBJH [pOTeKa-
HHA STHX NPOUECCOB YVCAOBHAX BHEIWHER CPemb: CKOPOCTh aMMOHH(NH-

[




KallHH JAerKOrHAPAAHIYEMOro asoTa, HHTPHPHKALNOHHAR cnocolHOCTR
NOYBM, CKOPOCTh JAEHATPHPHKALHN HHTPaTOR.

DYHRIHN BAHANNS BHEWHHX YCAoBHi (TemnepaTypa nouskr, BaaR-
HocTs nousk, pH) ABaswTeR sMOBpHYecKHMH.

Ilns wucacHsoll peannsaums Mofenn HeoSXOAHMA chenyiollan
BXOAHAA METeOPONOrHYeCKad WHMOPMAUNA: MaAKCHManbHad M MHHH-
MAJbHAR, 4 TAKMKE CPedHAA 33 CYTKH TeMOCPaTypa BO3AVXA, BAAK-
HOCTE NOYRE HA HaYaA0 pacyeToB o ciaoaM He Gogee 10 com,
BJARHOCTD 3aBAJIAHHA, HAUMEHbIIAH BAArGEMEKOCTh, OTHOCHTEILHAH
BAGMNOCTD BOZAYXA B NEPHOA HAAHBA 3epHa (emeAHEBHO), ocaikn
(exkeanesuc). Heobxoanmo 30aTh TaK#Ke MHCA0 YACOB COAHEMHOTO CHE-
HiR (exeanesHo) W WHPOTY MECTHOCTH.

PesyaLTaTel 9HCACHHEX SKCOepHMEHTOD NPHBEIEHH B pPacdeTe Ha
100 pacrennfi.

4.2.1, POPHEPIBAHHE BCXOA0D B JABNCHMOECTH OT KAVSCTHA MOCCEHOMD
MATCPHAAR, BALKHOCTH, TCMOCPATVPM W THIA DOYEL

Arpometeopotoriieckie GakTopH, BANRIOWME HA NPOPACTAHHE
CEMAH, NMOAHOTY BCXOA0B, COCTORHHE pacTendil &8 dgaze Bcxomon —

e g

ag

aF

04

Puic. 4.1. $yusunn pannees Texnepa-
TYPM CPEIW MPOPACTAHNA HA FIAPOIRA
SNAACOR CeMAN
! — 30 mpOpaCTANMN, mo gaumie [ITG); 2 =

BOENE APOPACTARNE, no gamuss [33] o KaEs-
N TEMASRATYRL HE POCT NpopocTEOn,
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STO TeMMeparypa i BJAMHOCTh MOYBH. INAYHTEALHOE BAHAHNE OKa-
SBIBALT TAKME NAGTHOCTH nouss, DVHKUMH BAHSHHA DaKToOpPOB BHEW-
HEll cpeakl Ha HHTEHCHBHOCTL MOASNHPYEMBEX TPOUECCOR NPHBEACHE
Ha puc. 4.1 1 4.2,

Moraomenne BoaW cemenaMmu. McocienoBaiocs BAHRHHE #a NOCA0-
LleHHe TeMnepaTyps cpeabl HabyXaHHA H pasMepon ceMAH. Peiyvab-
TATH YHCACHHBX SHCASPHMEHTOB NPHBENeHN #Ha pHe. 4.3. Kak 510
IIHPOKO HIBECTHO HI HATYPHEIX SHKCNEPHMEHTOB, ceMmMeHa GOABWIAX
pasMepoR MOrAOMIAIOT BJAATY € MEHbUIed cCKOpoOCcTLio. 370 CRA3IAHO
C TeM, HT0 HOSPHUHEHT CHOPOCTH HAlyXaHwAa MenAercA  obpatho
NponopUHONAALHO NAOUIAAH mMOBepXHOCTH cemsad.  He3aasucnmo or
paiMepoB CeMAH C NOBHIICHHEM TEMNCPATYPH CHOPOCTH NOCIOWEHHSA
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BOAN BOAPACTALT. "{!."EE'I'I.IH‘I"E."!IL!I!I:I{TI- MOAENH K HIMEHEHHIY TeMmiepa-
TVYPH CBA3AHE C A0BOABHD BHICOKOR UYBCTEHTEALHOCTLH K TeMIEDE-
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Bramnoems framy Raemereme Aoy

Pre, 4.2, ©yHRUHA BANAHEA BADMHOCTE CoMAH () HA QWXENHe cesmn (N0 ganmLM
[204]) & YHEUHA BAHAHHA OAOTHOCTH NOYER (6] B3 ¢ CONPOTHRAACHHE POSTY Npo-
poeTion (Mo Ammess [100]).
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Pue, 4.3, Banmine pasMepon COMAH H TeMAEPATYPH Cpeal HabyXaEns HA Orae-
DIEHIE BOSTE OEMEILA NI,

Pazuye ecunm, ca: 1), 33 0016 Jh 4) 00T 8), 6) 090 Tesmeparypa, *C: £}, 5), 5 10 ), 41, &) 20,

Type wospdmunenta cropoctH mabyxannms c. Hanpusmep, npn Tesmne-
pPatypax G, 8, 10, 12, 14, 16, 18, 20°C sHaueHHA ¢ coCTaBAAAM COOT-
Betcrsenno:  0,008; 0,009; 0,011; 0.013; 0,015; 0,017; 0,020: 0,022




Bawaune OGeAKOBOCTH CEMAH HA poOCT nﬁupunnna A0 BCXONOR.
BuGpans asa ypopna Genxosoct: 15 u 23 %%. Hapectno, 4To CKO-
OCTh THApPOAHZa 3anacHoro (Geaka BHINE Y BHCOKOOENKOBWX COMAH
46]. B cOOTBETCTEHH C STHM HCNETAHE B3 3HANCHHA CKOPOCTH
FHAPOAN3A NPH KamaoM yposne OeikoBocTH. Kak BHAHO W3 pHC. 44,
npH GOALIINX 3HAYCHHAX CKOPOCTH FHAPOAH3A 3aNacH OeaKa pacxo-
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Pic. 4.4, Baunnpe GekonocTil CeMAH M CROPETH FIAPOANIA GEAEA HA PACXOIOBIHEE
aanacon Kpaxsata (@) m 3anacos Geaxa (5],

Cogepwanns Seaxa b coMansy, % 1 %3, 91”131‘:';;:"3'3?““ reapoanan Geaxn, e M-cvt'c f) 15

ayioTes GueTpee, oaHAKO Bo Beex cayuanx wepes 6 amedl (Temnepa-
TYpa BO BeexX onuTax sTofl cepun Ouda NOCTORHHOH M PABHAAACH
90°C) sanace Geaka OHAN NPaKTHYecKH Napacxojobans. Becoma
IHAYATENLHOE BAHAHNE OKA3HBAET OEAKOROCTH CEMAH Ha PAacxOA0Ba-
HHe 3aNAcOB Kpaxmana. ¥ CeMAH C BHCOKHM coaepaHHes Oenaa
KpaxMman Pacxoayercd NMpH NpopacTanfg ﬁucrpee._Hnnp:meE. B ce-
MeHax ¢ copepxanmem Geaka 239 wepes 6 amelt (npu 20°C) 3a-
NackH YrACRONOB SHAOCNEPMa HCTOWAWTCA NOAHOCTRIO, a npH Oeagro-
pocetn 15 % — anme sanoaosany (pue. 4.4). Boicokobeaxopue ce-
MEHa 14107 NpH BCXoAax npopocTel Goabliell cyXxoil Maccu. Hanpn-
sep, cyxan macca 100 npopocTron u3 suicokobenxopux (23 % Geaxa)
ceMsH cocrapaser wepes 6 aweit (npn 20°C) 1600 mr, a muzkobeako-
pux (15 9% Geaka) — 1000 wmr,
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HuTeHCHBHOCTL AWXAHHA NPOPOCTEOR  BHCOKOGEIKOBHY CEMHAH
npH NPOPACTAHHH NpHMepHo B 1,5 pasa Buwe, ueM HH3KOOEIKOBEIX
(pre. 4.3). Yeuwaennoe Aumxanwe pocta oOBACHAETcA Goavliel cHO-
pOCThIO POCTA NPOPOCTHOB H3 BHCOKOOGENHOBWX CEMSH, & IWXaHHe
noanepEanHA — Goastuefi Maccoll npopoCcTKOB.

Comrwa
Iag mpapaemod
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Pre. 4.5. Bapame SenkosocTi ceMan i cROPOCTH rapoanad Seakn mi HHTCHCHBHOCTL
ABXANNA WPOPOCTROR.

I'— zuxamme poecta; f — Auxamiwe nosgeposanme. Conepmaisc Sedka n comcHax, %: a— %,
d =18, Octaasnue yen., ofoomauenns oM, pec. 4.4.

Bananne TemMneparypsl Ha PacXOf0BAHHE 3IANACOB CEMAH M POCT
npopocTkOE A0 BcxofoB. Huutupopascs GHodorsdeckdil  sKcneps-
MeHT, obbnyHNl a8 nogolHOTO pona HCCAEIOBAHHA, NPH KOTOPMX ce-
MEHAa NpopallHBATCA B TEPMOCTaTe, B BO3AYVIIHON KaMepe npH ONTH-
MaJALHOR BARMHOCTH H NOCTOAHHC NOAJepxHBacMmolii (B Teuenne
BCErD NepHofa) Temnepatype. Kak BuaHo Ha tada. 4.1, ¢ nonmue-
HHeM TEMNEPaTypld YCKOPHETCA pPacxofoBaHHE 3anacon OeJKa H Kpax-
mana. Moaeak YYBCTBHTEOLHA K H3MeHeHHD Temneparypu Ha 1°C.

Ha puc. 4.6 nokazano sAnAHNE TEMNEPATYPH Ha CKOPOCTH THApO-
Au3a zanacos Genxka. Buamo, 4T0 CKOPOCTL YBEJANUHBRETCH B NepHOX
OT Havaha rHapoan3a A0 NpopacTaHHsA, 49TOo CBA3AHD ¢ AKTHBALHER
QEPMEHTHOTO annapata, nocie NpopacTaHHA oTMedaeTcd naato (mo-
CKOABKY 33a04HHAH TeMOEpPATYPA NOCTOMHHA B TEYeHHe BCEMD  [me-

[:IIH.'r.'.I,El}, II!:IH HCTOLEIEHEHE 3anacon EI-'.l'_tp[':ll:Tb CHHAHAETCH, [‘Ilnpﬂnita
NpoTeKaeT !.'H{I: Kak pEﬁHll_Hﬂ I'IEFI-ECI-[‘C! I'I'IJPHHHH.
8 Samas M 418 113




Tpn zapaHul pea’ibHBIX HIMEHeHHA TeMnepaTtypH, ||aﬁnm._r:am-
UIHXCH B DepHOIL NOCEB—BCXOAM, NAATO, OTMEedeHHOR B NPEALLIY mem
onMTe, He HaGmwoaaercs. COOTBETCTBENHO NOBBIUIEHNID TEMOEpaTyphl
NOYBH CKOPOCTH TRAPOAH3A (edKa BOIpacTacT. AHanoruyno M3MeHs-
eTCi BO BPeMEeNn CKOpPOCTh HAPOAM3A Kpaxmana. Takaa e 3aK0HO-
MEPHOCTh OTMEdAETCH H NPH NOCTORHHO nmn_nepmnﬂamnﬁl B MepHoL
MoceB—BCXOoAE Tesmnepatype. PaccunTaHnoe no MOAEIH yBeauYeHHe
CKOPOCTH FHAPGIN3a KpaxMmana npw HeH3MeHHO TemuepaTtype cBa-
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Prc. 4.6, Bansiee TeMnepaTypH A CHOPOCTE THAPOJR3A 3aMacHOro Geaka cesdd.
Temmepatypa, “Gr b 20, 2 16, 2] 12, 4) 6,

Caopocme codpaawia fedxd
Sy

saio ¢ Tem, uto B Mojean yuten uepes cootnomenie C/N dakr ame-
HeHHA XHMHYECKOrD COCTaBa CTPYKTYP NpPOPOCTRA B Npolecce ero
passuThs. C yBeNHYeHHEM JOAH YIACPOACONEPHALMX CTPYKTYP BO3-

J 4.1, BagAnge TeMOEPATYPM HA CHOPOCTH PACKONOBANEA JA0ACHOTD feana
Taﬁ-nuu;" KPAXMaJa SHAOCACHMA CEMRH REHUE (B pacseTe HA 1M cesnin)

=-. Bposn or nooena 04 BLX0R0N, LHE
B
CyficTpat %
3 o 2 4 6 8 10 12 1
et
ok, g 76,2| 73.9| 658 49,5 2.2 1169 0,660 0,03
EHe_qu 12 76,2| 726 54,9| 30.b 6,0 | 008 — —
16 76,2 67,3 3.9 0,45 0| — ik =
a0 | 62| 04| 86| 01| — | — A [
643, | 6254 |566,6 | 488,7 [383,4 | 260,4 | 235.4
i msroang BEL @2}3 §45,2 | 55,8 |461,8 | 285.4 (167.7 | — | —
16 | 6550 | 620.8 | 4815 |245,3 |200.8 | — | — | —
2 G550 | 5608 | 307,9 |130.5 — _— — =

14

pactaeT noTpedHocTs B yraesogax. JlHHAMHKAD PAacXONOBAHMA 3ana-
COB CEMHH B PealbHBEX VCAOBNAX cPell nokaszana b TaGa. 4.2,

Kak sugno na tabanun 4.3, ¢ noswuenes TeMnepaTypu 3xaun-
TeALHO VCKOpAeTcA poct npopoctkos. [loaywennde peayasrate xo-
POWIO COFACYIOTCA ¢ ANTEPATYPHHMH JaHnuMu [23].

Tafanna 4.2. Bamanne Tesneparypel noussl va cXOPOCTL PACKOLOBANNA JANZCON
CEMAH MEeHHLB (B pacuete wa 100 cesman)

[lpﬂlll of NCFRE A0 BEXOO0R, ANH
XapaKrepHCTHRA

a3 i ] i

=i
.l
L -]

CpeaHad eyTasiias 4
TEMIEPATYPA 1mOY-
B, °

Cropocts ruapoan-| 2,4 3.4 3.9 5.0 5.8 6,6 9.3
an Geara, Mr M

CrOpoCcTe Faapoas=| 1,3 1.9 K 249 3.8 4.8 7.8
5T Epaxuana,

Mr

Ay 5,2 4,3 4,0 5.3 6,2 0.3

Bpeidii & Bofend 10 mocxoyos, ARa
ARMAETEPECTHR

10 ] ') 14 14 15

CPEAHAR CY¥TOMRAR 11,1 11,8 12.0 (18 10,0 11,4
'l'tur:-EEurrpa mou-
B

Ceopocte reaponm- [ 11,3 12,0 12,2 3.6 0,6 0.1
23 Genka, Mr N

CKOpOCTL THApOAH- 9.0 12,4 14,8 6,2 2.8 2.4

30 KpaxMans, p
Mr G

TaGamua 4.3. Bamanne Temneparypsl na pocT NPoOPoCTROR MUICHNLM 10 BCXONOE
(cyxam macca 100 npopocrkom, Mr107)

Tr:um:E:- Bpeus 07 Botesd A0 BONOAOE, ARA
¥pa, *C
[ I 4 [ ] 11} 12 4
A 0.6 0,91 2,04 4,54 Toom 10,47 13,90 14,12
12 0,6 1,00 | 3,74 | 8,04 | 1308 | 1575 | — -
[ 0,6 1.83% 743 14,30 | 14,51 — — -
X0 i, 6 4,62 | 1261 15,56 — = — —

[lpn mecaefoBamin BARANNA TEMNEpPATYPH WA AMXAHHE POCTa M
IWXanHe NOAACPHKAHHA NOKASANO, 4TO C MOBHINENHEM TeMNEpaTypPH

Ei
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HHTEHCHBHOCT QMXanna soapactaer. Hanpuwmep, npn 20°C nanboas-
mas NHTeHCHEHOCTh ABXAHHA POCTa, COBNAJAONIAAR N0 HPEMEHH
¢ HauGOABUINM PACXOLOBAHHEM YIAEBONOB, COCTaBAReT 53 tEIII.E:Ch H
panee auxanne npuseacxo 8 Mr C ua 100 npopoctkos), a npi 8°C —
24, B mogean 4eTKO NOKA3AHO, YTO PACXOAW H3 AHXAHHE pOCTa BO3-

pacTalT NAapanienbHO YBeanve-

hid HHIO CKOPOCTH pOCTa, a npH
7 CHHMEHHH CHOPOCTH pOCTa CHAH-
ok aawotes. Hanpuwmep, npn 20°C
AWXalNHe POCTa MEHReTcA B ne-
pHOL OT MOCERa A0 HCTOWEHHA
i £ sanacos GeaKa caeaVwolnMm ob-
= pasom: 5, 29, 49, 53, 30, 9. Ha-
o TEPECHO OTMETHTE, 4TO, He BOy-
B ;  AyuH BBCACHHHM B ABHOM op-
7 Me, BAHAHHE TeMNepaTypH cKa-
=40 JHBAETCH HA CKOPOCTH AHXa-
g HEA pocTa KoceenHo, Jluxanne
& NOAACPHKANAA B X0Ae npopa-
"I:F I

Fre 4.7. Banme raviees 20 1e9ERH
| ] | 1 ] COMAEN HA BPOMH  OADIEHEA  BCXOI00

¢ fipH ]ul.l.'.ll!'lll{:ii'l: MAGTHEOCTI EIOMNG,

il 5 F i L) ir i
Awe nocee ofe

Maorhocrh, F-ea-% J) 085 2 L1, 3 1.3
cTannsa poapacraer nenpepusno, Hanpusep, npr 20°C ono mensercs
caeaviouus ofpasosm: 1, 1, 3, 7, 11, 14 C nopplleHdeM TeMnepa-
TYPH AWXamde NOAAEPHAHHA BOIpAcTaeT. Hanpusep, HanGoIbLIAA

L]
]

=

Pue. 4.8, Bananne ravlan 3a-

OEAKH CoMAN 1A BEM# OOADAE-

NlA BCXIOAOE B IARECHMOCTH OT

TEMASRITYRE 098] NAGTHOCTH

nosEd 14 reow?,  BAAHROCTD
OOTHM LN A,

Tewneparypa, “GC: I} 5, 2) 16, 5 13,
#) .
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HHTEHCHEHOCTE AMXAHHA NOJIepiRaHHd NpH TeMOEpaTypax B, 12, 16
1 20°C. coctananer cooteercTeenno: 6, 8, 10, 14, !

Bansuue CONPOTHBJAEHWA NOYBH NPH  PasAHyHON  TeMOoepatType
W BAAKHOCTH HA BPEMA NMOABACHHA BCXOLOB B 3ABHCHMOCTH OT Iay=
GuHe sameakn cesmad, C yBeanuendes CONPOTHBACHHA ROYBH  CHIE-
#AETCSl CKOPOCTL POCTA, 3aJEpMUBACTCA BpeMs NONB/IEHAR BCIOL0B,
cHIKaeTcA npefenbHan raybnsa 3a1eakH ceMAn (puc. -I.?]'-‘T:Ih. npn
NoCeBe B NOYBY NAOTHOCTHIO 1,3 r-cM™ NpeaeabHO BOIMOMHAR Ty
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fHHA 3aMeAKH OKONIO D cM, a B nousy maotHoctoio 095 r-em—
fonee 10 cm. [laa nousw oanodli B Toft #e NAOTHOCTH H ONTHMAALHOMN
BAMKHOCTH npegeasHad raylHHa 3ajedkH CeMAH NPAaKTHYECKH OjHa
H Ta #e npn sBeex Temnepatypax (pue. 4.8), Kax suano ua puc. 4.8,
MPOULCC NPOPACTAHHA CeMAH SYBCTBHTENEH K HIMEHEHHAM TeMmnepa-
TYpH nousw. TIpH cHHACHNH TEMNepaTypw Ha Kamauwe 4°C npopac-
TaHHE 3aAepupacTes Ha cyTen. Hanpuwsep, npu cpeasecyTouHOM
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Fue, 4.9 Jerauuka PRCXOADNENHA Genka o Epaxsiinn SHAOCOEpMa CEMAH H HAKON-

SeMAE CYmoll MaccH OpopocTEaMU npA TeMoepatype 10°C 0 nplH onTiMLIbioR no6s-
HOCTH AOWEL,

| — fieack; J— Kpaxsas; J —cyxam sMacca.

Temnepatype 20°C cemena npopactawT uYepes nBoe CYTOK, a NpH
Temnepatype B°C —uepe3a 5 cyToK.

O71 rayGine 331caKn céMan (ApH NpouNx PaBHEX yCIoBHAX) 3a-
BHCHT MOAHOTA PACKOAOBANHA 3AMACOB SHAOGCOEPMA M COCTORHHE Npo-
POCTROR Ha MoMenT sexogon, Hanpusep (cm. pue. 4.7 n 4.9), npu
10°C w onTHMaAbHOM BAAXHOCTH NPH TAYGHHE 3aJenkd ceMsad 6 oM
Ha MOMEHT BCXOAOB B cemenax octaerca 70 % kpaxmaaa (or mcxoa-
Horo ypoeua) n 40 % Geaxa. [lpe 3ageake Ha npeaeabHo BOIMOM-
HY TAYGHEY 3anack OenKa PacXoaViOTCR NOAHOCTEH), A Kpaxmana
octaerca 30 Y.

Cybuoneas (opuHposanns bexofos Owaa sepudHunpopada no
PesynLTaTaM CcpapHeHH® BpPeMeHH MNOABAEHAN BCX0L0B, PacCHUHTaH-
HOMD MO MOAEAH, C peadblo HabAwIaeMEM BpPEMEHEM NOABJCHHA

1ir




Tabaina 4.4, Cpanvelne PACCUNTARNGTO 0 MOLEAH
i HAGAHIAEMOTG B ONRTE NCMENN MORBACHHA BCX0L00
O3HM0A Tumennin copra Muponcsckan 808 s yeaoniex

Noamocxkosba

H'FI'H'I noun s Aan Hl.'::l.l_'[l,-ﬂl q_':.' TEH
[an

PACCHATANINGE B MOicam | nadosogaesos n onuTe

15974 4 13
1975 [ [] 11
1576 1] 11
1978 i 11
1975 11 1]

Bexogaon (Taba, 4.4), Hanboaswee oTKAOHEHHE MOAYHEHO B YCAOBHAX
Goaee aacywansofi ocenn (1974 r.). B uenom pesyastathl sepndmxa-
unn cyfuomean (GopMHPOBAHNA BCXOLOB FOROPHT O NEPCNEKTHBHOCTH
ee HCNOALIOBAHHA B KaYeCTBE CAMOCTOATEALHON MOLEAN H Kak cyl-
MOAEAN RPH onHcanHi GOPMHEPOBAHNA Ka4vecTha YPOouKadn 3epHOBHX M
NpH OlleHKe NapaMeTpoR — A45 3epHODOGOBHY KYALTYP.

4.2.2, Pocr o pacnpeacsenne ACCHMUAATOR B HEPHOA BCXOAW —SCTEHRE

Huntiposaacs GHOJOTHYECKHA SKCNEPHMENT ¢ APOBOR NiLeHHued
B venopnax Tloamockopsa (wmporta 55°187). dna sonwta» wenoas-
J0BANH YepHOIeMHYID nousy (maotHocts 1,3 r-cm—®, pH =17.3). Co-
Aepianne JerKOrHIPONHIYEMOro A30TA HA MOMEHT [0OCeHA COCTAR-
aadao 300 wmr-kre'. CropocTh MHHEpaansamus  (NpH ONTHMATLHEX
yeaornax) npumata pasnoi 0,054 cyt' [202]), wnTpndmkaunonnasn
cnocobnocTs nouss 0.8, MakcHMadbHas CKOPOCTL JeHHTpHBHKALHM
npy SecKone o BWCOKON KOMUCHTPAUHH HUTpaToB B novyse 111 mrix
SR Mooyt

BaamnocTs noANepKHBANACh B TEMEHHE BCEro €ONLTA® HA VpOBHE
60 % HB. Cuanrtaan, uro noTepn 3a cueT 3BaNoTpaHCOHpalHl BOCMOJ-
HAAHCH. CPeHAR CYTO4MHAR TeMOEpaTypa KAk nousd, Tak # Bo3nyxa
OGuaa nocToARHoR W papnasace 20°C.

HauasepHee napaMmeTps pacTedds NpH NOCcese NPHBEACHW B npe-
awayutem noapasaeae. [laato ceetosoil kpusoit doTocnntesa (npw
ONTHMAALHLIX YenoeHAX) bubpano pasHWs 35 mMr  COg-gm—3.9-1,
caetonoft Kpueohl dotoauxannn 6 ur COz-am—2-4-'. Jlanna gus pac-
CUNTHBANACh H3I MOJeaH. MaxcHMaibHaf CHOPOCTH AKTHBHOTO NO-
FACWIEHHA a30Ta (NPH ONTHMAJLHWX A48 [OCMOWEHHS  YCAOBHAX)
npuuaTa pasoi 0,01 r-(r ¢. 5. Kopuefi)—'-cyr". Ha ocnopamnn ana-
JAH3a JHTCPATYPHEX A8HHHX HIGKHNE npenen ¢yHKuMH pacnpegene-
HHA NPHHAT paBHuy 4.6, pepxunit 220. B aasnenmoetd oT obecneueH-
HOCTH 230TOM H VIJIEBOAAMH HCTHHHOS 3HAYEHHEe (YHKUHH Ha Kawm-
[OM Ware paccuHTHBEANOCH N0 MOLen.
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[lpn ouenke snanoTpancnHpauus NPHAATO, 4TO CKOPOCTH BETpa
{Ha seicote 2 M) cocTapasna 3 s-c~'; A3poAHHAMHYECKOE CONPOTHE-
JAeHue AnfupyIHH MO Mepe POCTa KVALTYPH  PacCqHTHBAAOCE KK
PYHEUHEA CKOPOCTH BETPA,

DYHKUNN BARAHNS TEMACPATYPH BO3AYXA Ha POTOCHHTEZ W Temne-
PATYPH MOYBH Ha NOTAOCULEHHE a30Ta NoOKazand na puc. 4.10. das
QUEHEN BANAHHA BAAZHOITH NMOUBLd Ha {tlﬂ"l"ﬂl'_‘llil‘l'-l'!&l HCNOILI0BA Ha
dyukunn. npentowendan 8 [57]. Baunune yeaosul muewnefi cpeaut
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Aanmsiy [23], Tewrepomysa Rovis

Ha AMMOHE(MHEAWHIO W HATPHGHEILNIO ANNPOKCHMHPOBAHD MO LaH-
uetv |22, 191], a Takme HMEnoALIOBaHH BHAE PVHEWHA, NPHBEACH-
Hue B [G2]. DyHKUHH BARSHHA BHEWKNX VCAOBNA Ha AeHATPHpHKA-
UHIO NoAyueHi no pannuy [68] u npeacrapnenw ma pue. 4.11.
Jusamuka nyaa yracwoloB M nyna AJOTHCTHX  coesumennii,
Hutencisnocts dorocnsresa (B rpammax C pa 100 pacTennit) yeean-
YHBAETCH MO Mepe pocta pacrennn (pmwe. 4.12 a).  [lya VTAeBO008
GCTACTCA BCE BPEMS HILKE YPOBHA Yriesonos, ofpasyionmxcs npn
foTocinTe3e, HEe CYHTAN NEPBHX AHeR NOCAE BCXOZOR, KoOraa v
CO3AARAMCH TAKME 38 CHET THAPOIH3A 3aNACHOrO KPaxsana ceMman.
Caeayer oTMeTnTh, 4To HCTOWIEHHE 3anacos sHaoCnepMa Habmwoma-
CTCH pamo—vepea 6 ameRt nocae nocesa. BoaMomno, sTo  CBH3ERO
€ TEM, MTO B HCTOALIOBRHHON ANA PACYETOB BEPCHH MOJEAH He yu-
TEHA CMeHa NopAnka peakuui rHAPOAH3a 3anacoB (c ncesgonye-
“oro wa nepenifi). Tlpn nanHoM BHICOKOM YpPOBRHE a30THOMD THTAHNA
PLIepeoB YRAEBOAOR A48 CTPYETYPHOTD POCTA HeT, TaK KakK a30Ta
?E;Emmm ATH COASHBAHNA O0pa3yIOUNXCA  VIIeBOAOB B CTPYK-
Ha mawaapHux stanax pasentas oTMmesamres KoJehanna nvaa
4301a (puc. 4.12 6), a waunnan ¢ 10-ro AHA ero oGbeM paBHOMEPHO
Sospactaer. B Tewenmwe Bmcero nepmnoaa (PHECHpYeTCA nanawame pe-
SEPBOB 230Ta, H TOALKO Ha 16-f AeHb OHM 3aTPAYHBATCH NOAHOCTHIO.
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Pigc. 4.11. @yuEuim BaEAnnA
HHEIDHME  YeAoEHR wa  TemE-
Tk o, o Lannuu [GE]
dyEKig BEHRERR:; [ — Tednena-
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Puc, 4.12, dagavuka GoTocHiTesa B 0yaa yracpeia (@), nyas asoTHCTHX COcaHme-
HHRA B pesepsoB a3oTa (8).

i = dorocENTEL, F— N¥A yracpoga, J — EyA S0TE, o — PEMEREL SMOEE,

TAK Kak HAYMHAETCH pocT cTefnfd M KOAOCA, NOABAAETCHA 4-i1 JHCT H
noTpelHocTs B 830T¢ yaeAHuHBaeTcA. Toraa mOABAAIOTCA Pe3EPBH
yraepoaos. Conocrapaas xoi (a3oBWX TPaeKTOPHA nynaa B pesep-
BOB CAENYET HMETh B BHAY, YTO NPH OUEHKe nyJa Ha JaHHOM Wware
YUHTHIBAKTCH pedepeld Npeiwayulero mara.

Ipn BrcOKOM YPOBHE A30THOMO NHTAHHA BHHOC 330Ta ¢ TPaHCTH-
pauMONEEIM TOKOM jaxe Ha panHanx a3ax passiTHA Bue, YeM ax-
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Puc. 4.13. Jenaunks noraonpe Pie, 4.14. dyngunn pacnpeiene-
HHA 23074 HHA, PACCYHTAMMAR IAA OTAEAL:

Maracmenne: J— axTHENGe, 2 - o Ay
¢ Tpamcnnpaigiel,  F— eyusapHce Jlwer: §— nepaull, §—wropoll, 3=
TRETHE,

THBHOe noraomenne (puc. 4.13). Cyummappoe norJaolleHHe a30Ta
TAK#E BO3IPACTAET CO BPeMEHeM.

Pacnpepeaenne ACCHMHAATOE M pocT, Peayautate  pacuera
(YHKLEE pacnpeleleHns npupeiensl Ha puc. 4.14. Poet  nepmoro
AHeTa aakomumaca wepes 11 axeft nocie BeXofoB — K MOMEHTY noaB-
Aeund 4-ro AHcTa, T.e. NPH BHCOKOM YPOBHE 230TA JHCTHA PAacTyT
aoapwe. TlpueaTo, uro A0 BCXOAOB pacTer Toawko 1-i awcT. PYHE-
UHA pacnpemencHiA 474 BCEX JNCThEE MOHOTOHHO BO3PACTACT B Me-
pHOA moces — noAsacHne 4-ro ancta. B 37oT mepHoj eyxam Macca
gopHed MeHbme Mmacew anctees (pue. 4.15 a). OTHOCHTeABHOE cO-
AepiKanHe a30Ta B JAHCTEAX MEHAETCH B HaAYAARHHA NepHog PocTa
neoaHoanauno (puc. 4.156). Peakoe poapacraniie, a 3aTéM CHHEEeHHEe
COpePMAHNA A30TA B AHCTHAX Ha 7-f B B-ft AHN COOTBETCTBEHHO CBA-
3aHO ¢ NOARJEHHeM Ha 7-fl JeHh HOBOrO AHeTa, a Ha 8-t geHk ¢ OHCT-
pHM HCTOUIEHHEM 3aNacop IMAOCTEPMa, B Pe3yAbTATE 4ero poct
JAHCThER H KopHefi sajepaABaercd. 3aTeM No Mepe HAKOMMEHHA nyaa
yrAeBoA08 NoNomenHe craGuananpyerca. Oapako W B nocaenyiomni
nepHoa ¢ NOABAEHHEM KaXAOT0 HOBOTO JHCTA OTMEYaeTCH BO3pacTa-
HHe CONepAaHidA 430Ta B AHCTBAX.
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HasMemenne cyxoil MACCH CTRVETYR PACTYWHX JAHCTREE NOKAIANO
Ha pue. 4.16. Cpeaudas cyTOUHAA TEMNEepaTypa NOLAepHHBATACH B Te-
YEHHE BCero nepHoga pocta noctoanuodl (20°C). BaamuocTh NOunH
paara 60 % HDB, uncao wacoB CONHEMHOrO CHAHHA (eXMelHeBRHO) NpH-
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Piec, 4.16. Jlamamnka CYEOR MACCH CTPYRTYP OTACARIEE POCTYELEX JECTLEE b NERE0R
07T BEXOIOE 00 UBETEHHA.

[—T — Apy¥énd AmiTibn, CHIITAR CHEIY.

HATO papuum 10, Xapaktep pocTa OTAGABHHX JAHCTLEE XOpPoWO CO-
FA4CYETCA ¢ XapakTepoM pocTa, OnMCAHMEM B autepatype. B nan-
HOM UYHCJACHHOM SKCTEPHMEHTe PACTEHHHA NOAYHAJAH QONOJTHHTeALHOE
aszoTHoe nuTanHe wepes 9 awel nocae sexogos. [oza azora (0,03 r
N na 100 pacreunil) Gwaa pucokofl a8 ganuofl Qasul pasBuTHA pac-
TeHmi, B CBASH C YEM OTMEHMAETCA 3ajepHKa pocta ¢ 9-ro no 15
Aenb. Hanbonpwero passdTHA JOCTHCAWOT, KAK NPaBiao, CpeaHnne
Apyed anereen. B yCAOBHAX DAHHOMO SHCMEPHMCHTa He Y4TeHA ryc-
TOTa cTORHMA pacTenuf. Tlostomy caman OoAbWIAR Mmaccd OTMeHA-
eTcA ¥ CAaMOrno BepPXHEro JHCTA.
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Lyran

Ha puc. 4.17 nokasana AHHAMHEAZ CYXO0l Macch pacTyuiHx
(pYHKIROHHPYIOULHX CTPYETYP, 4 TakKe oflell cTPVKTYPHOI Macch
JAHCTLEE BCEro PACTeHHA NMPH ABYX YPOBHAX azotHoro nutanun. Ha
GoJee HHIKOM YPOBHE NMHTANNA pacTeHHA B Bospacte 9 aHell noay-
waan 0,03 r N. Ha nopsimensom «oHe A30THOrO NHTAHHA PACTEHHA
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Pie, 4.17. Numaumka cyxofl Mactsl CTPYRTVD AHCTRER BOErO DACTCHNA B MEPHOL
0T DEXQIOR 10 HECTEHHRA,
Macca cTpymTYp: /. 3. 5 — Bpi KNYKOM YpOONE EIOTROIG ENTAEEA; 2, 4, § — NpH NORMESEHIGM

FpORI®S LoTedrs NNTAEHER] [, J— MO00E PARCTVIDNY SYRYRTYH, X 4 — GyNEnRONEpyEEE, 5. § —
olmman MACEE,

notywasn aonoannteasdo 007 r N B pospacre 15 ameft # 01 ¢ N
B Bpospacte 24 amefi. Buako, uTo yBenMueHMe KoAWueCTBa  a30Ta
B (OHIAX NPHEOAHT K NOBHILCHWI0 CKOPOCTH pocTa  JAHCTHEB, OCO-
GeHHO B NepHOJ, KOraa noTpeSHOCTH B asoTe yeeanunnaetrca, [le-
PHOAHYECKO® CHHMCHHE CYXOR MaccH PACTYIIHX CTPYETYP OOLACHA-
ETCA TEM, WTO 0O 33aBEPLIEHHH POCTAa PpacTyWHe CTPYKTYPH cTano-
BATCH  QYHKUMORHPYROUHMH. Xapaktep KpHBHX, ONHCHBAKIAX
HIMEHEHHE MAcCH GYHKUMOHHPYIOWNHX CTPYKTYP, o6YCAOBIEH HCMOAb-
I0BAHHOH B MOMAENH NpeAnOCHAKofl, 4TO (PYHKUHMOHHPYIOULHM ARIA-
ETCA TOALKO TOT Oprad, koTopuft aakowuna poct. B peaavnofi cu-
CTEMEe PAacTYIUMA OPrad coaepsmuT Beeraa M GYHKUHONHPYIOUHE 30HH.
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B penos, no HAKONJIEHHK CYXO0H MaCcCH ANCTHER MOQeAL AACKDATHO
OHHCHMBACT PeafbHYID CHETEMY.

Auasoruiue (pajopue TPACKTOPHH NOAYYEHE N0 HAKONJIEHHID
CyxOfl mMaccnl cTefA, KOA0CE H KOpHE.

Hamenenne pesepros yriepoja & PacTeHHH NPH PasHHX YPOBHAX
A30THONO NUTaAHHA npeactapienc Ha pue. 4.18. [Ipn nomcKennoMm
YpoBie NUETaHHA Hanboapuee YBSINUeHHE PEIEPBOB Yriepoda oTMe-
YASTCHA HA NOCACANHX sSTanax pocTa, KOTAa PacTeHHe Hanbogee Tpe-
fopateasio K azory. JlobapieHde a30Ta p IHAYHTENLHON CTENEHH
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Pre. 4,18, Mawewesne PESCPEOE WACBOIOR B PACTCHHH D 30DHCHMOCTE OT YPROUNH
AZOTHOMD NUTOHHE 0 Bepuon pocta of Bexogos oo 22 aneflt (&) n B nochenywammd
(a0 oweremes) aepnoa (G).

e BIOTROMG nuTaEus: [ — nompsennsil, § — nissoaui

CHUKAET YpOBLHL peIcpBHLX YIASBOAOE, Tak KaK ohecneuHBAET BO3-
MOMHOCTE HCNOALIOBAHAA MX AAR pocta. Peakde KonehaHua yponHs
peacpROE a3oTa B nepuod ¢ 17-ro no 20-it gens olBLACHAKTCR aman-
THBHO pl;‘.a}n:l_il:l:ﬁ pacTedia Ha pe3ioe YECIRTCHHE r'l:':l,"l.!'.'p-}l-'.EIIH!H
az0Ta B (pOHAAX, NPHBOLAULEE K CHIGKCHNIO POCTa Kopued. ¥raesoau
HiE [OAHOCTRMD FATPAMHBAAHCL Ha POCT JHCTLER, TAK KAK B 3TOT Ie-
PHOI 33EEPUIAACH POCT HMEDUIHXCE K MOMEHTY BHRCEHHA  a30Ta
anerses. [IpH NoABASHHR HOBOID JAHCTA PEICPBH Pe3KD CHHEIINCH.
B paumwii nepuon pocra oTMedancd HIOGHTOK A30Ta (HMeaHCh  pe-
JEpEE a30Ta), a Pe3epeoB YrAeRoloB He OuI0, T.e Bt o0pasym-
PecH 3a AanNRE CYTEH YrASE0AW 3ATPAYHBANHCE Ha QWEXaHHE Hof-
NepHAHHA, CTPYKTYPHER POCT H CBH3IAHAOE ¢ CHHTE3IOM CTPYKTYP
ABIXaHHe.

Ha pue. 4.19 noxkazapo nasenendde @yHEUNH pacnpemefcis Aas
Juctees. Habaopaesmoe BpeMA OT  BpeMeHHd  CHIMMEHHE 3HAYMeHHA
PYHKUHH CBA3AHO © MOABAEHHEM HOBHX  JAHCTRCE B YVBCIHYCHHEM
B ofmell Macce ANCTbEB, HAXOAALIHXCA Ha panuux ¢azax PassuTHA,
T, 8, TPehvIOUIHX 0A8 POCTa MHROrQ a30Ta. C MOMEHTA NOABJEHHA M-
CACAHErD aucTa YHEUHA PacnpeiecHHA PABHOMEPHO BO3IPACTALT,
E KOHIUY nepHoia pocta pPacTeHds cKOPOCTh YBEAHYEHHA HYHELHH
cHiskaeTed, B sToM BAPHAHTE MOAEAH, KOTOPHA YHCACHHO PEIAHI0BAN
Ha AAHHOM 3Tane HecAeAOoBaHud, 3HAYEHHMe (PYHEUHH PACcCYHTHBANDCE
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10 8¢ CpegHeMy YPOoRHKD, MO3TOMY OHa OKA3aTiCh ltE‘Ij"HﬂTHH‘I‘E.‘JhIIﬂﬂ
E HIMEREHHID YPOBHA A30THOMD MHTAWHA,
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Puac. 419, 3unauesne ynkinm pacnpeieicmis,

423 Bananse ArpOMETCO T HYCORNX ]'Eﬂﬂlﬂﬁ MEPHOLD WLAHRA JEpHL
A fEOpMEpONANKE KANECTRA

Hanfoapwes pAHAR#e Ha POCT aepHa M Ha opMHpOBaAHHE Ka-
YECTBA 3EPHA B MEPHOL HAAHEA OKAZLBAHT BAAHHOCTE NOYBE H TeM-
nepatypa sosgyxa [19, 21, 47, 48, 50, 51, 60, 147, 157, 200, 201, 208,
229]. B uncAcHHBX SECOCPHMENTAX N0 BAHAHWID ArPOMETEOPOAOTH-
QeCKIEx 3.‘::.'14:|-nur| HA [bﬂp!ﬂi[puu}l]!llﬁ HavecTea B NEpHOL HAAHBA JICPHA
HCNBTHBAAHCH QB¢ BepcHl MOAcAH  (HMeeTcA B BHAY cyOMOgenh
DOPMHPODAHNA KAYECTHA B NEPHOA HAAHBA, KOTOPAH MOWeT OWTh
HCMOALIOBAHA HAK CAMOCTONTENLHAR MOAcAL). [leppas wa mHx onyG-
JAnkopana namy pawee |[80]. Hazomem ee pepenedt 1. Cornacho svoil
BEPCHA OKOHYAHHE NepRold SKCOOHEHIMANLHOTO POcTa 3epHa onpe-
MEHETCH, K3K H B CAYYAE POCTA BCMETATHRHHX OpPradHon, SHAMCHHEM
cooTHomennAa C/N B 3epHe. [IpNTOK pPACTEODHMHX COCAHHEHHH
B 3epHO OB NPHHAT 33BHCALLHM OT CHROPOCTH rHApoan3a  Geaka
B BEPXHMX AHCTBRX (AA7 A30THCTHX COCAHHCHHA) M OT CKOPOCTH dW-
TOCHHTE3a AR YIJIEBOAOB.

Inuampka HAMEHEHHA COAEPMAHNA KpPaxMmana B 3epHe B nepHoa
HaaHBa nokazada Ha prc. 4.20. B mavaawnof ¢gase wannea cojepa-
HHE Kpaxmaia BOIPACTAET NOYTH JAHAEHO, 3aTeéM Npouecc IamMenas-
ETCH M OCTAETCH HA HEKOTOPOE BPEMA HA NOCTORHHOM ypomHe. CHH-
HeHHe OTHOCHTEALHOrO CONCpAMaHH? Kpaxmalda B KOHUC HalHBa CBA-
FAHO ¢ TeM, YTO alCOMIOTHOE €0 CONepHanne YHe He HIMEHRASTCH,
d cyxad macca 3epHa NPOLOJEAeT BO3PACTATH 33 CHET CHHTC3A
Geaka. B KoHesHoM WTOre 3epHO COAEPMHT NPH AOCTATOUHOM YDJZMK-
HeHNH oxoao 60 % wkpaxvana, npu nHsKol BaawmocTH — 45 %. OT-
HOCHTEALHOE C'l:ll.:l.'l'.'p}li-ikﬂllt eaka B :-IE'-FI-“E: CHHFRAETCH B I1'|':'].'|]!-H.E JAHH
Aannea (pme. 4.21), a po pTopyw noAosRHY Haanea mospacraer. [lo-
JVHueHHHE KEPHBLIE OTPRAAKT XOpPOo HIBECTHVID IAKOHOMEPHOCTLb,
HTO IIFPI[TI'.I-I-E A30Ta B IEDHO nNpy :|:||.1rm11.1-; FHH!IH_&; }'L‘.'lﬂll!l-l!rl!l.', IIP[]EIEIU-
AHT MOCTOAHEG, BOADTE A0 MMHEeATeHHA ANCTLER, d NPHTOK YrAeno-
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N0B HHTCHCHBEH B Nepeofl MONOBHHE NEPHOAA HAAHBA, 4 3ATEM CHH-
WABTCH BBHLY pacnaja CTPYKTYD H CHEMEHHA oTOCHHTE3A. Mpn
temnepatype 20°C u HH3KOA BAZMHOCTH TMOWBH B 3epHE HAKANAHBA-
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i Pac, 4.20, Hauerenne coacpaannd
3 KpAXMAJA B 3CPHE B DEpHOA MAIHED
B npi TemnepaTvpe Boanyxa 20°C u
pasaminofi BaamNOCTI NONEW (Bep-
1 1 1 i caa ).
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Pie, 4.21, Hamcreune cogepHanna feaka B SCpHE B NEpROA HATHED D IADHCHMOCTH
OT BAAMHOCTH NOYAM W TEMOEPaTYpH nosayxa (sepcua I).
TewsepaTypa Boazyxa, "C: @) 20, 6) 156, ocvaashue yea. ofcal. cd. poc. 431,

etca 17 % Geaxa, npu sucokofl BaamuocTy— 13 %, npn 25°C coor-
gereraenno 25 nm 20 %, Cheayer OTMETHTL, 4TO B ECTECTBEHHHX VCia0-
BHAX NPAKTHUECKH He OTMENAeTed CAYHaes, KOraa CPCAHAA cyTodHad
TeMnepaTypa BOIAYXA NMOLLEPHMHBAETCA B TEUeHHe BCEro nepHola Ma
TAKOM BHCOKOM YDOBHE B COMETAHHH C HHIKON BAAMHOCTEIO MONBH.
MostoMy auauenus, noayuennwe npr 25°C, npeacTanifiorcs 3ashl-
meHHEEME. OIHAKO X0 NpoHecca OTPRAACT AAEKBATHOCTE MOLEIH
onncuBaemol cucreme. [IpoBelerHEe SKCNEPHMEHTH NOKA3HBAKT
TAKME, YTO OTHOCHTEALHOE coaepsanne OefKa B BePXHHX JAHCTLAX,
ACCTHIHYTOC K HAYany Haaupa, OnNpeenscT cCcOnepHanne Oeaxa
B 3epHE JHWE B 32BHCHMOCTH OT arpoMeTeopONoTHIEcKHX yeaonni
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mepHolad HAAWBA. HFH OOHOM H TOM Xe COLCpHAHEK Oefaka B AH-
CThAX KOAHECCTRO GEAKa B JepHe 3ABMCHT OT yononHil HAAHBA. Kak
BHIHD H3 F“t. 4-22’. YCAGEHA VBEIAAHRHCHHA OHAIHBAKNT BAHARHE Ha
mepepacnpeleachne yraepola HE.:-!'I:_.'.'I.!." HPHIHEJ'I::IH H eIKOM.
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Yien, oficos, o, pac. 4.20. Auy nocse mrvass gfemesun

fyrar macta  J8pwg

Piec. 4.23. Haseicnee cyxol

MACCH 3EPHA NPH HAAHBE B 33-

BECHMOCTIE OT BJAAMHOCTIH BOYRN
L i NpR TeMpepaType moaayxa 20°C

i o g Jir el (mepenm 1).

Mww mocsr wavesa glemesun ¥oa oGoan. cu. pme 4,20,

¥seauuenne cyxofi GHOMAaccH 3JepHa B NEPHOL HAAHBA COOTBETCT-
BYET THORuHOH S-06pazuwofi kpusofi pocta (pme. 4.23). Tpn weao-
CTATHE BJAATH B NOUBE CYXas MAcca 3ePHA CHHMALTCH.

Bepena | mogenst A0CTATOUHO AAPKBATHO OMNCHBRET NPOUECE
(pOpMHPOBANAA KauecTRa 3ePpHA B nepHos waiunea. OfHako B AasHof
BCPCHH He YYHTRIBAETCH NofapJeHHe (OTOCHHTEIa pPEEPRAMH ACCH-
MIHTOR.

Bepens Il cyGmonenn ¢opuMupoBanns Kayectsa B nepHod HaAHBa
OCHOBANA, KAK 3T0 clenamo W 8 paGotax [225, 226], ua ToMm, wro
CHHTE3 GeAKa W KpaxMana B 3epHe 3aBHCHT OT NOTeHUHAJLHHY CKO-
PoCcTell cHHTE3a 3THX KOMNOHCHTOB W OT YPOBHA cHAGReHNs cybeTpa-




HeppuaaLiofl aik Ha JAHHEAHYID OCYUCCTRAASTCA Ha OCHOBAHHHA
cpanHeHHs CcKopocTell pocra B STH $asw. B waweft sepcHH yqTeHO,
KEpOMe TOro, nojapjeHHe OTOCHHTE:a pe3epBaAMH ACCHMHAATOR. JnHa-
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YeHHA NOTEHUHAALHHX CKOpOCTell CHHTE3a 3aMacHHX KOMNOHEHTOB
nasTH M3 paGor [146, 225, 226].

PesyaptaTel nposepku sepcn Il B uHCAGHHHX SKCHCpHUMEHTAX
npusesens na puc. 4.24—4.28. Kag puano na pee. 4.24, doTocHHTes
JHCTHER CHHIKAETCH B nepHoa Haiusa. IIpn HH3KOH BAAKHOCTH MOYBH
(45% HB) pesepsos yraesoaos He ocraerca (puc. 4.25). Ormesa-
eTc HexpaTka yraesoaos. Hanpotus, npu saaxuoctn 60 % HB of-
pasywTca pesepeu, nopasamomie gotocuuTes. Ilpn BHCOKON TeM-

nepatype mozayxa (25°C) u maammoctn 60 % pesepBos yracso-
L0B HET.
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tamp. B 310M cAyHae CKOpPOCTh NOCTYNACHHA cySeTpaTop B 3¢pHO 3a-
BHCHT OT notpebuocti B Hux. Tlepexniovenne pocta 3epHa ¢ IKCHO-

Redpe e o pesedodsf

Fru noese yfemEved

Pre. .25, Nesaumxa PEEEPEOE OCCHMHAHTOR B MANHCHMOCTIE OT 5{'.'1|:|ulli'i HAJHBEE.

Yen, ofoom cu. puc. 4.24,
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Awe nocae gfemewan

Puc, 4.26, Junamisa HAKONACHEA KpAXMaid B 3epHe 003 BANAHNEM AMoEETeOpoa0-
runecERx yeaoml (mepens 17).

Yea, ofcom. o pue. 44
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AHb  Recar gFemeEnNuy

Puc. 427, lnuaunia Hakonienna feaxa B aepHe D00 EAHEHIEM ArpOMeTeqposori-
uscHHX yesobuf (sepeia 11).

Yeu ofsan, cu. puc, 4.24.
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Are mocsr yfemewyy

Puc. 428, JTeaaMuks cyXoll Maccu 3¢pEs B nepuol waames (sepei 11).
> ca. ofoan. ca, pec. .34,

3AKOHOMEPHOCTH HakonMeHHA Oeaka W KpaxMmana B 3epHe B 3a-
BHCHMOCTH OT ACPOMETEOPOJIOFHYECKHX YCAOBHE, YCTaHOBACHHLE
B 4HCIeHHNEY skcnepiMentax c pepenedi 11 mopean. Te e, 4TO H no-
kazainule ¢ pepeneil [ B ocoleHHOCTH 5TO KACAETCH KpaxMaJa. H.an
KPHBEX, ONHCHBANUIAX H3IMEHEHHE COACPHANHRK benKa, “xapaﬂntpﬂl-l
GoJaee peskmii  Nepexod 0T  SKCAOHEHOHAALHON K annciinofl  dase.
B sToM cumucie sepcua | npenctasinercA Coaee peaducTHYHOMN, Kak
510 cAEIyeT W3 AaHHuX, npueefennnx 8 [21], Xoa n3ImMEHEHHA co-
AepAaHnA o0MEro 230Ta B ICPHE MOMET HMETh pazandiblii XapakTep
B ARHCHMOCTH OT BHEWHHX ycaosnfl. B omunx caydasx nofaydenibe
# SKCOCPHMEHTC KPHBGE AHAJOTHYHE KPHBHM, PACCHHTAHHBIM 10
pepcin I, 8 apyrux— no sepeen 11, Cagayer oTMETHTL, HTO Q4R BCEX
ypcACHHMXE Kcnepisentos ¢ sepenelt 1l Monenn copepmaHue a3loTa
B BEPXHMX JAHCTLAX HA MOMEHT LBETeHHS NPHHATO PABHLIM 3 %. Yue-
JeHHEE SECHePHMEHTH MNOKAIKBAKT, HACKOALRD IMAYATENRHE POAb
ArpoMeTeopOIor HIECKHXY veaoBsdit mepHoaa HalHBa 3epHa B thopmu-
popzaun Kasectsa. [lpn oaHoM M TOM e COAEPHMAHHH asoTa B AH-
cTu% (N cTefaAx) Ha MOMENT [BETEHHA COQCpKAHHE ajoTa B 3CPHE
MONET GHTh PAAHYHEM B 32BHCHMOCTH OT arpoMeTeoponOrHIECKHX
veaoBnf nepuoaa Haauea, JlHHAaMHER  NARONACHHA CYXOfl MaccH
JepHa B NEPHOA NocAe UBETEHHA MOKA3aHa Ha pRC. 4.28. Xapaxrep
EPHBHX HECKOALKO HHOM, WeM KPHBHIX, NOAYHEHHBMX NPH HCCAEA0DA-
pun sepenn 1 mogean. OAHAKO ANCKBATHOCT PeAbHOM  CHCTEME
TAKAE NOCTHIHYTA.
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JaxkawueHue

ﬂﬂﬁ J:I-I".:IIIEIIIIH IEA0ro PHHE Jajau, il-':l[li].'IH:'nlf.‘P.. TAHHX, HAK QleHKEa
arpoMeTeOPOIOTHYCCKHX VoAopHA (opMHpOBAHNA KaduecTBa Ypoman
CEALCKOX0ZANCTECHNEY KYALTYP, NPOrHOSHPOBAHHE KAYECTBa YpOMad
HA JAHHAMHKO-CTATHCTHYeCKO OCHOBE, NPOrpaMMHpoBaniNe VpoKasd
TOMG HAH HHOIO KadecTea, HEoOXOAHMO HocMeJoRaHHe AMHAMHEH npo-
gecca (POPMHPOBAHAA KAYECTEA YPOXAA B PasIHYHMX  YCIOBHAX
BHEWHeH cpeinl, 4TO BOSMOMKHO CAE18Th, HCNOAB3IYA AHHAMHYECKHE
sMaTemarnyeckne mogean, Mogeanpopanwe QOPMHPOBAHNA KauecTpa
VPORKAR NPOBEACHO ABTOPOM C Y4eToM (PHIHOAOTHH PacTeHuil, moy-
BEHHLX H arpoMCTeOpOJOTHYECKHX (aKTOPOB, 4TO MOSBOIAET HoCAe-
AoBaTL Npolece B KOMIVIEKCEe, KaK YACTh IKOCHCTEMB, BREAMOYAOWLEH
H pRCTEHHS H HEKOTOpHE aGHOTHUECKHE KOMIOHCHTH.

TopMasHIAUNA IMHAMHEH nponecca (OPMHPOBANHA  KadecTRa
YPO®aA B CHCTEME <NOYBaA—pacTeHHe—artMmocepas noTpefosana
BHARIEHHA Hanboaee 0OMMX Ero FAKOHOMEPHOCTER H HKOHUeNTya n-
sauui mozean. Ilosoxennasn B OCHOBY MOAENH KOHUENUHA COCTONT
B TOM, 4T0 KAYECTEO XO3ARCTBEHHO UCHHOR H9acTH YpoMas CelnCKo-
XO3AMCTEEHHLEX KYJALTYP (OpPMHpPYETCA B TEYEHHE BCEro  NepHoja
pocTa W pasBHTHA pacTeHdil — 0T noceBa (HJAN NOCalkn) A0 co3pe-
BAHNA. XHMHYECKHIl COCTAB 3anacaloUINX OPraHoB  onpeaeasercs
(B repeTHYecKH (HECHPOBAHHHX NPEAEAAX) COCTORHHEM PACTEHHA
K MOMEHTY HAuaja pocTa 3anacaiilHx OPrafos H YCAOBHAMM DBHEW-
Hefl cpean B nepnoa pocrta. B cooTBercTBHE ¢ 3Toll KOWHENuHed npo-
wece POPMHPOBAHHA KAYecTBa Ypomas (OpMAIHIOBAH KK npouecc
CHHTE3a, pacnaja H B3aNMONpPEeBpallenHit OCHOBHEX MeTaldoanTon
B XOAE CO3BAHHA CTPYKTYPHHX KOMOOHeHTOR CYyXOro BellecTsa pac-
TEHHA B NEPHOA OT NOCEBA Q0 CO3PEBAHNA.

IMpr mMogenHpOBAHHN PACTHTEALHONO NOKPOBd ONHCHBAKTCH CJe-
AYWIHE NPOoUeccH: O0pa3oBAHHE NYJA0B cyOCTPaToOB AJ8 pOCTa B pe-
ayawrate GoToCHHTE3a H DOTOAWXAHHA (HMAN FHAPOAH3IA 3ANACOR MH-
TaTenbHoll THAHH Ha PaHHMX «pazax PasBNTHA) © YHeTOM 3aTPaT Ha
ABIXaHHE NOLACPHAHNHA; PpacnpeneaeHie nyJaoa c}rﬁﬂpamn'. CHHTEZ
CTPYETYP (C yueTom 3aTpar Ha JuWXaHHE POCTa); CHHTEZ 3anacos
B nepuon GOpPMHPOBAHNAA 3aNACAOUNX OPraHOs.

B kasccTne alHOTHYECKHX KOMNOHEHTOB SKOCHCTEM B JHHAMH4E-
CEHX Mofenax (opMHpPOBAHNA KauecTBA VPOXAA NPHHAATH nousa H
BHYTPEHHAR aTMmoCchepa IKOCHCTEMEL.
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[Npn pazpafoTee TEOPETHMECKHX sMofpeacii AAf  pazaHuMbEx cpynn
KYALTYP Y4TEHB NpPHCYULHe 3THM KYALTYpaM OCOBEHNOCTH NPpOTeKa-
uHA  PHINOAOr0-GHOXHMUYECKHX NPOUECCOB B palHHe qasu oHTOrE-
Hesa, pacnpefefeHins ACCHMHAATOB, CHHTE3a 3&NACHMX CTPYRTYP
# neproa GOpPMHPOBANAN W POCTa 3aNACAKUIAX OPraHos.

Ha oceopaunn TeopeTHUECKHX Moaeacll CO31aHa YHCACHHAT MO-
neas GOpMHPOBAKNA KaMeCTEa VPOKAA Q48 ICPHOBHX KYALTYP. Ha-
AOMKEHH OOGUMe NPHHUHNE paspafoTkH Takux Moaededl. Bauanne
ArPOMETEOPOAOTHIECKNX YCAOBHA ¥ YPOBHA A30THOTO NHTAHHA HA
OCHOBHEE (DHZHOIOM0-OHOXHMHYECKHE NPOUECCH, ONPELeNAIoUHE Ka-
HECTBO YPOmas, HCCAeAOBAHO B YHCJCHHBIX IKCICPHMEHTAX.

Brepese & paMEax AJHHHONEPHOAHON AHHAMHYECKOR  MOOean
OnNCaHO pacnpeaesenie acCHMHAATOR COrTacHo notTpeiHOCTAM B HHX
PACTYLLNX OPranos, TAKAKE BNEPBLIC HCMOALIOBANA KOHUENLHA thon-
mOB A0 OnHCAHHA Peryasiui ¢llailmnrn-ﬁllﬂﬂlmIILIEJ:HM; NPOUHECCmE
{KaKk 3HAOTeHNOMN, TAK H SKIOTCHHON) B noaofnuy moaeanx. Bnepewe
MOACANPYRTCH BAHANHE SECTPEMAALHEY MOrDAHE X !."C-'“:lﬂ-““ Ha K#-
YECTRO YPOMAR CCALCKOXOZANCTEEHHBEX KYALTYP.

Pe;f.y,rmrnru HCCASADBANNA MOAeNH B YHCACHHEX 3ECHePHMEHTAX
NOKA33aH, 4TO MOAeAbL AJCKBATHO ONHCHWBAET CHCTCMY—OpPHCHHAA H
MOMET GHTH HCNOALIOBANA AAH TEOPeTHYECKHX HCCACAOBAHMI BJAHA-
HHA ATPOMETEOPONOTHYECKHX VCAORNA N YPOBHA ¥AOOPERHOCTH NOYBH
A30TOM Ha npouece POPMHPOBAHNA KauecTsa Vpomasn.

Naasnefimne sTans pasapTas moaedell GoOpMHPOBAHHA KauecTsa
VPOKAA NPeanmiaranT:

1) 4YHCICHHYID PEaNH3AUNK TEOPETHUECKHX MOAeJefd pasaniHEx
rPYON CeNbCKOXO3ANCTBEHHEX KYALTYP, B 3TOM HanpasacHn Heoh-
xoANMa Goasan paboTa No NPOBEpEE W NAapaMeTpHIANNH Moaeaed

2) mpopeaeHMe ¢ NOMOUILKY Moieaell TeopeTHUECKHX HCCAen0Ba-
nifl 3akoHoMepHocTell QOpPMHpPOBAHNA KauecTsa ypoan B pasand-
HHX VCAOBHAX BHEWHEN Cpens,; :

3) paspafioTky Ha 37Ol OCHOBE NPHKAZAHHX Mojeded (opMipo-
BAHHA KAYeCTRA YPOMadn, ¢ NOMOWbLK KOTOPHX Oyaer peliaTeCA Wn-
poKHil KPYr 3adad, cpeal KOTOPHX MOMHO BHASJIHTh paspadoTRY an-
HAMHKO-CTATHCTHHECKHY METOAOR NPOrHOINPOBAHAA KauecTea  ypo-
#as: NPOTHOIHPOBAHNE BHECEHHA 103 a30THHX VAOOpeHHi noa naa-
HHPYEMOE KAMecTBO YPOMan ¢ YYETOM YPOBHA NAOJOPOAHA NOHBH H
CKAAABBAIINECA AaFPOMETCOPOAOTHYECKNX YCAOBHI, nNpOrHO3HpOBE-
HHE BPeMeHH NOABJCHHA BCXOJ0B; Pa3paloTRY MeTOAOB OLEHEH CO-
CTORHHA O3HMHX KYJALTYP NOCAe NEPeINMOBKH M KPHTCPHEB HX ne-
pecena.
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