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Oo011asa cxeMa uccJieI0BaAaHUu i
MEeTO/I0B MeJIMOPAIlMHU CPebl
O0OUTAHUSA pACTeHUH™

B HacTosiiee BpeMsi BOIPOCHI UCCIIEIOBAHUSI KOMILIEKCHBIX MPOOiemM
npuoOpeTaroT Bce Oousblnee U Oonblnee 3HaueHue. llocraHoBka wu
pelieHrne Takux MpoOJjeM CTaldu BO3MOXKHBI Orarojapsi yCTaHOBJICHUIO
KOJINYECTBEHHBIX  3aKOHOMEPHOCTEM MO YaCTHBIM BOIPOCaM U
pacIpoCTpaHEHUIO HOBBIX TEOPETUYECKMX HJied (B  YaCTHOCTH,
KHOEPHETUYECKHUX) U METOJIOB, MTO3BOJISIOIIUX CXEMaTU3UPOBAThH MHOTHE
IIPUPOJHBIE TPOLECCHl M HCHOJB30BaTh MATEMAaTUYECKUM amnmapar u
TEOpHUio, pa3paboTaHHYIO Uil OJHUX oOJacTed 3HaHUU, B JAPYrUX
00JacTsX.

KommnekcHocTh  WcclieoBaHUM — Bcerna  Obula  XapaKTepHOU
O0COOCHHOCTHIO MEJIMOpPATUBHON HayKu. B Hacrosiee BpeMs B CBS3H C
OBICTPBIM pa3BUTHEM OOIIECTBA M YCIOXHEHUEM 3a7ad, KOTOpHIE
MpU3BaHa pelmaTh MEIHOpAIUs, TaKUe HCCIENOBAaHUS  JIOJKHBI
MPOBOJAUTHLCS 3HAUUTEIBHO IIUPE U TTyOxKe.

Jlo HemaBHETO BPEMEHHU MOJI MEIHOPALHUEN MOHUMAIOCh B OCHOBHOM
KOPEHHOE yJIYUIlIEHUE BOJHOTO PEKUMA, TO €CTh CO3/IaHUE ONTUMAJIbHBIX

BOJIHBIX YCJIOBHM JJISI PACTEHHM.

* CTaThsi B COKpAIllCHHOM BapuaHTe ObLTa OMyOJIMKOBaHA B COOpHHUKE

“IIpobnemsl menuopanuu [loneces”, 4. 1, Munck, 1970.



OcCHOBBIBasICh Ha TakuX (DyHIaMEHTaJbHBIX 3aKOHAX OWOJIOTHH, KaK
3aKOHBl HE3aMEHMMOCTH U PaBHOCWIBHOCTU JE€UCTBUS (HAKTOPOB
BHEIIHEM Cpeapl Ha pacTeHUE, MOXHO IIojararb, 4YTO CO3/IaHHE
ONTUMAJILHOTO CBETOBOrO, MHIIEBOTO M TEIUIOBOTO PEXKUMOB TaK Ke
HEO00XO0AMMO, KaK U CO3/IaHHE ONTUMAJILHOTO BOJAHOIO PEXUMA.

Pacrenne, kak wu mro0as ycroiumBas OWONOTHYECKas CHUCTEMA,
o0nazaeT CHOCOOHOCTBIO K caMoperyiupoBaHuio. OJHAKO aMana3oH
CaMOPETYJMPOBAHHS 1O BOJHOMY, NHUIIEBOMY M TEIJIOBOMY pPEXKMMaM
OBIBaET 3HAYUTEIHHO YK€, YEM JUANa30H U3MEHEHUS TEX KE PEKUMOB B
MPUPOJHBIX YCIOBUsAX. MICXOad M3 3TOTO, MOXXHO HAMETUTH JIBA MyTHU
MPUBEIECHUS B COOTBETCTBUE TPEOOBAaHUI PACTEHUM U yCIIOBUW BHEUIHEN
Cpepbl.

[lepBblii MHyTh — O3TO HANpaBJIEHHAs CENEKUMUSA IS IOTYyYECHHS
pacTeHuid ¢ MIMPOKHM JHAaNa3oHOM caMmoperyiaupoBanus. Ho, mno-
BUJUMOMY, PacTeHHUsI C Y3KUM JMana30HOM CaMOpEryJupoBaHus Oolee
MPOyKTHUBHBI, YEM PACTEHUs ¢ 00JIee MHUPOKUM TUANIA30HOM.

BTopoii myTh — CO3/aHME HCKYCCTBEHHBIX ONTHMAaJbHBIX YCIOBHUI
BHEIIHEH cpelpl MO BceM (haKTopaM, BaKHBIM JJI PACTEHHsS, TO €CTh
CEIbCKOXO3SMCTBEHHAs! MEIIMOPALIHSL.

B nHacTrosimiee BpeMsi MEIMOPAIMI0O MOKHO paccMaTpUBaTh KaK HayKy
O KOPEHHOM YJIY4YIIEHUH (ONTUMHU3AIMK) BCEX >KU3HEHHO BaKHBIX IS
pacteHust (akTOpoB BHeEITHEH cpeapl. B TEXHHYECKOM OTHOIICHUH
Menmopauuss — 3TO  KOMIUIEKC ~ MEPOINPHUATHH,  MO3BOJSIOIIMX
CYLIECTBEHHO YBEJIMYMBATH MPOAYKTHBHOCTh PACTEHHN NOCPEACTBOM
BO3JCUCTBUA  HA  CpeAy, OKDPYXKAIOUIyl0  MX,  BO3JICMCTBUM,
ONTUMM3UPYIOIIUX YCJIOBUS BHEIIHEHM CpeAbl C TOYKH 3PEHUS

TpeOOBaHUIi pacTCHUI.




3agavya peryJmpoBaHusl BceX (DAKTOPOB BHEIIHEH Cpeabl IOKa
TeXHUYECKU HEBBITTOTHUMA. Ho 3amaya onTHUMaibHOTO PETYJIUPOBAHUS
BOJITHOTO, THUIIEBOr0 U TEIJIOBOTO PEXKUMOB HE TOJBKO MOXET ObITh
MOCTaBJIeHa, HO M B 3HAUUTEIILHOM Mepe pelieHa B Omkaniime roasl — B
TOM clly4ae, eciid OyayT pa3padoTaHbl COOTBETCTBYIOIIHME METOIbI
perynupoBanusa. B Hacrosmee BpeMs pa3paboTka TaKMX METOOB
BeneTcs B psiae opranuzanuii Munsoaxosza u MCX CCCP.

Jlns pemeHusi MOCTaBICHHOMW 3ajadd, MPEXIe BCEro, HEOOXOIMMO
HaWTH KOJMYECTBEHHOE BBIpAKCHHE I TpeOOBaHUN pacTeHUs K
YCJIOBUSIM BHEITHEW Cpejbl U JIJIsi CaMHX 3TUX ycyioBuil. ConocTaBiieHHe
TpeOOBaHWI W YCIOBUH TMO3BOJIUT TPOU3BECTH pacyeT HEOOXOIMMBIX
MEJTUOPATUBHBIX BO3JICUCTBUH W UCIIOJIHUTEIBHBIX YCTPONCTB IO
KaXJIOMY U3 PEeTYJIUPYyeMbIX (haKTOPOB.

W, HakoHel, OCYIIECTBIISICTCS CHHTE3 YCTPOWCTB, PETYIHUPYIOLIUX
OT/IeNIbHBIC (PAKTOPHI BHEIITHEN CpPeJIbl, B €AMHYIO CUCTEMY ONTUMAaIbLHOTO
peryJMpoBaHus BOJAHOTO, TEIJIOBOTO U MUILEBOTO PeXUMOB. OnucaHHOE
BBIIIIE MOXXHO BBIPA3HWTh B BUJIE CXEMBI, Ha KOTOpOH OyJeT BHUJIHA CBS3b
MEXK]y OTJIeIbHBIMA MOMEHTAMHU UCCIIeIOBaHUH (CM. puc.).

Kak BUAHO M3 3TON CXEMBbI, HCCIIEAOBAHUS JIOJDKHBI IMPOBOIUTHCS B
HECKOJIBKO 2TaroB.

Ha nmepBom 3Tare AOMAKHBI UCCIEN0BATHCS TPEOOBAHUS PACTEHUN K

YCJIOBHUSIM BHEIIHEW Cpeapl MO0 ClenyomuM (QakTtopaMm: BOIHOMY,
TEIJIOBOMY, MUHEPAJIIBHOTO U Ta30BOTO NMUTAHUS, COJIHEYHOM paavaluu,
MUKpOOHOTIOTHUecKor aesteabHOCTU. [log TpeOoBaHUsSIMH pacTeHUl B
JAHHOM  cllydya€  IIOHMMAeTCsi  KOJMYECTBEHHOE  COOTHOUIEHHUE,
MOKa3bIBAIONIEE WU3MEHEHHE MPOAYKTHUBHOCTH PACTEHHN B 3aBUCUMOCTH
OT YCIOBHM OKpyKawomen cpenpl. Jlimd wemed  peryJmpoBaHHUs

HE00X0IMMO, YTOOBI TPEOOBAHMS PACTEHUN OBLTN BBHIPAKEHBI B BU/JIE



AHAJIMTUYECKON 3aBUCHUMOCTH WJIM HENPEPBIBHOW KPUBOM, OTPAXKAIOLIEH,
HACKOJIBKO ONTUMAJIbHBI T€ WM WUHBIE BHEIIHHUE YCIOBHUS I PACTECHHIA.
B Hacrosmee BpeMsi CymIECTBYET psii KOJMYECTBEHHBIX 3aBUCHUMOCTEU
TAKOr0 THUIA, OJHAKO, BCE OHU TPEJCTABISAIOT COOOW AMIUPHUYECKUE
KpUBbIE C OrpaHUYEHHOHN 00siacTbio mpuMeHeHus. [103ToMy OCHOBHOM
3ala4e MEepBOro IJTalma MOXHO CUMTaThb CO3JaHHE TEOPETUYECKOU
MOJEIY B3aUMOJCHUCTBUS PACTEHUS U CPEBI.

Ha BTOpoM »sTame wuccieqoBaHuM HEOOXOAMMO H3YUHUTh YCIOBHS

BHEIIHEN cpeapl M pe3yJdbTaThl d3TOr0  M3Y4YEHUS  BBIPA3UTH
KOJIMYeCTBEHHO. [[7s 3TOro HeoOXoauMO peuuTh Bompoc o (opme
MaTeMaTUYECKOTO OIMCAHMUSA YCIOBHM BHEIIHEN cpenbl. OnucaHus
MOKHO pa3AeIuTh HA AETEPMUHUPOBAHHBIE U BEPOSTHOCTHBIE.

N3BeCTHO, YTO METEOPOIOTHUYECKUE MPOLECCHI, KOTOPHIE OMPEACIIAIOT
YCJIOBHSI BHEIIHEH [JIi pacTeHUs Cpeibl, OOYCIOBJICHBI COJTHECYHOU
NESTEIIbHOCTBIO, SIBJISIOLICUCA CIy4alhHOM BO BpeMeHHu. l[lostomy mpu
ONMKMCAHWKM BHEIIHUX YCJIOBHH aJeKBaTHBIM OYJIET BEPOATHOCTHOE
onucanve. M3 MHOXecTBa BHEHMIHUX (AKTOPOB IPEICTABIIAETCS
1eJIecO00pa3HbIM  BBIOpaTh HEKOTOPBIC: BOJHBINA, MHHEPAIBLHOTO U
ra3oBOT0O MUTAHMUS, TEIIOBOU U paJUALIMOHHBIM.

[Tocne mpoBeAeHUsT UCCIECAOBAHMI MO MEPBBIM JBYM 3TalaM HYKHO
clenaTh HEKOTOpoe 0000IIeHrne, KOTOPOE MOXKHO IPEJICTaBUTh B BHJIC
BBIYHCIICHUI TIOKa3aTess MOTpeOHOCTH Menuopalui. B aTom nokazarene
oTpaxkaeTcsi Ta HHQPOpMalLMs, KOTOpas cojepkajlach B TpeOOBaHUSAX
pacTeHMI W YCIOBUSX BHEHIHEW Cpeabl, TO €CTh BEPOATHOCTH
ONTUMAJIbHBIX WM HEONTHUMAJbHBIX YCIOBHUH ISl PACTEHHS B JAHHOM
reorpapuueckoM pailoHe, KOTOPBIM XapaKTepU3yeTcs OINpeneseHHbIMU
YCJIOBUSIMU BHELIHEU CPEJIbI.

Brluncnenne BEpOSITHOCTH ONTUMAJBHBIX WM HEONTHMAJIbHBIX

YCIIOBHM SIBJISIETCSI COAEPKAHUEM TPEThErO JTamna ucclenoBaHuii. B




3aBUCUMOCTH OT TOTO, KAKW€ MUCXOHBIC MaTEPUAIIbl UCTIOIB30BATUCH TS
XapaKTEpUCTUKU  BHENIHEH  Cpeapl,  IIOKazaTrelb  MOTPEOHOCTH
Menuopanuu — Oyner — oTpaxaTb  WiIM  0o0mmMe  reorpaduueckue
3aKOHOMEPHOCTH, €CJIH OH BBIYMCIICH HAa OCHOBE ME30KIMMATHYCCKUX
JTaHHBIX, WIH MUKPOKJIUMATHYCCKUC 3aKOHOMEPHOCTH,
XapaKTePU3YIOIINEe MEITMOPUPYEMBIN YHACTOK.

CrnemyeT OTMETHTh, YTO OOOCHOBaHHE MOTPEOHOCTH B MEITHOPAIUIX

MOXeT ObITh KaK 0JIHO(aKkTOpHBIM (9man III), Tak 1 MHOTO(AKTOPHBIM

(oman Ill-a). B 3TOM ciy4yae BBIYUCISIETCS BEPOSTHOCTh HEONMTHMAIBHBIX
BOJIHO-TETUIOBBIX WJIM HEONTHUMAJIbHBIX COBMECTHBIX BOJHBIX, TEIJIOBBIX
Y PaJAAIMOHHBIX yYCIOBUM.

OTansl HCCJICIOBAHNSI METOAOB MEJIMOPATUBHOIO peryiaupoBaHus: I —

u3yyeHue TpeOOBaHUU pacTEeHUM K YCIOBUAM BHemHed cpeas; II —
W3y4YCHUE YCIOBUU BHEIIHEHW CpeAbl M KX U3MEHEHUHM BO BpeMms
Beretaiuu; Il — opHodakTopHOE OHOKIMMATHYECKOE OOOCHOBAHHE
HE00XOAMMOCTH Meuopanui; [l—a — MHOTO(aKTOpHOE
OnoKJIMMaTHYeCKoe 00OCHOBaHME HEOOXOAMMOCTH Menuopanuil; [V —
ONpENEICHNE MaKCHUMaJbHOTO JWalia3oHa peryjaupoBaHus; V. —
BBIUMCJIEHHE HEOOXOJMMOTO JJIsi CO3/1aHHA ONTHUMAJBHBIX YCIOBHM
IPOTHO3UPYEMOI'0 BO3ACHCTBUSA MO OTACHbHBIM (akTtopam; VI — pacuer
PEryJINpYyIOINX CUCTEM, MUHAUMHU3NUPYIOIINX YIPABISAIOIIUE BO3IEUCTBUS
3a BpeMs T, C TO4HOCThIO =0¢ ; VII — paspaboTka cucremsl
ONTUMAJIBHOIO PETYJIUMPOBaHUA IO OAHOMY, JABYM, TpeM MU T. .
dakropam; VIII — konnuecTBeHHas Ki1accupUKaIUs METHOPATUBHBIX
00BEKTOB W cHUCTeM peryiupoBanus: IX — pa3paboTka MeETOIOB
MAaIIMHHOTO IPOEKTUPOBAHUS METHOPATUBHBIX OOBEKTOB.

YeTBEepTHIM ITAIIOM UCCIENOBAHUN  IBIIIETCA OlpeaeICHUE

MAaKCUMAJIbHOI'O JHaIla30Ha pPEryjvmpoOBaHHA BHCIITHHUX YCHOBHﬁ, TO €CTb

TOTO JHAIla30Ha, B KOTOPOM HAXOJATCA BCC BO3MOIKHBIC (HpH SaHaHHOﬁ



00€CTICUCHHOCTH PETYJIUPOBAHUS) OTKJIOHCHUS BHEIIHUX IMPHUPOIHBIX
YCIIOBUM OT ONTUMAJbHBIX I pAacTeHUU. MaKCHMaJbHBIA IUANa30H
peryJupoBaHus OnpeeIsieT AKCTPEMAIIBHYIO CIIOCOOHOCTh
PETYIIUPYIOLIEH CUCTEMBI M UCTIOJIB3YETCS TPU €€ MPOECKTUPOBAHUH.

B onepatuBHOM peryjaupoBaHUM OCOOYIO POJIb UTPAET yIpaBIsIoOIIee
BO3/ICMICTBHE, BBIYUCIISIEMOE HA MSATOM 3TANE C HEKOTOPBIM ONEPEKECHUEM
KaK pa3sHOCTh MEXIy TpeOOBaHMSIMU PACTCHHUH U TPOTHO3HPYEMOU
BEJIMYMHOW BHEMHUX (pakTopoB. I[l03TOMYy OCHOBHBIMHU 3ajlauaMu
HCCIICIOBAHMM HA 3TOM JTalle SBIISIIOTCS: pa3paboTKa METOAOB MPOrHO3a
YIPAaBISIEMbIX BEJIWYMH M pPacyeT YNOPaBIAIOLIETO BO3JACUCTBUS IS
KaXXJ10ro (pakTopa ¢ y4eTOM UX B3aUMOBIIUSHUS.

I/ICCHCI[OBaHI/I}I Ha HICCTOM JTallC MAOJDKHBI PCIIUTL PAA BOIIPOCOB,

CBSI3AHHBIX C TEXHMYECKOW peanu3alyel ynpaBJIeHUS BOJHBIM,
TEIUIOBBIM M IHIIEBBIM peKUMaMu. Pacder peryiaupyronmx CHCTEM
MOXXET OBITh OCYIIECTBICH TOJBKO B cllydae, €CJIM HW3BECTHBI
3aKOHOMEPHOCTHU ABHWKEHUS BOJIbI, MUIIU U TEIUIA OT UCHOJHUTEIBHOTO
3JEMEHTa K pacTeHuro. M3ydeHue 3TUX 3aKOHOMEPHOCTEM W SIBUTCS
OCHOBHOM 3aJaued McCCIeIoBaHMM Ha mectoM Jtamne. Ilociae »toro
JMOJDKHa ~ OBITh  OIIGHEHa  WHEPIIMOHHOCTh  PAa3IMYHBIX  THIIOB
PETYIUPYIOIIUX YCTPOMCTB U C €€ YUYETOM PEIIEH BOMPOC O Pa3MEIICHUU
PETYISATOPOB HA METUOPUPYEMOM IIOJIE.

PerynupoBanue omgHOro ¢akropa MOXeT OBITh OCYIIECTBICHO
MHOTHMU MYTSIMH, OJHAKO JIAJIEKO HE BCE U3 HUX ONTUMabHbL. [loaTOMY
CIeayIOIIeH 3aaaueil SBISIETCS ONTUMM3AIUS KaK 0JJHO(PaKTOPHBIX, TaK U

MHOTO(AKTOPHBIX PETYJIATOPOB — CEIbMOM 3Tall uccieaoBanuii. Ha stom

OTaIl€ JOJDKHBI OBITH ONpCACIICHBI KPUTCPUHU ONITUMAJIBHOCTH U BBI6paHBI
HauoOoce YI[O6HLI€ AJIA  pCHICHHUA [JaHHBIX 3add4 MAaTCMAaTHYCCKHC
METOAbI OIITUMMH3AIINHU. OntuMainbHbIS OJIHO(i)aKTOpHBIG CUCTEMBI MOT'YT

ObITh HEONTHUMAJIBHBIMM TIpU paboTe B YCJIOBHUAX BO3ACUCTBUA



KOMITJIEKCa ¢dakTopoB, MO3TOMY clemyeT UCKATh u
MHOTOITApaMETPUYECKUE  KPUTCPUH  ONTUMAJIBHOCTH, MHOTHE W3
KOTOPBIX, OYEBUIHO, OyJAyT WMETh JKOHOMHUYECKYIO CTPYKTypy. ITO
00CTOATENILCTBO  JieJaeT  HEOOXOJMMBIM  HW3YUYEHHE  TEXHHUKO-
HDKOHOMHYECKHUX IMOKA3aTeICH CUCTEM M SKOHOMUYECKHUX CBS3CH.

Pacuer MenmuopaTMBHOW pEryJMpPYIOIIEH CUCTEMBI MOXXHO CUMTATh
OKOHYEHHBIM C 3aBepIlIeHHEeM ceapMoro nstama. OpHako ObUIO OBl
pPacTOYMTEIHLCTBOM HE HMCIOJIB30BaTh WHGOPMAIHIO, TOJYYCHHYIO IMPHU
pa3paboOTKe CHCTEMBl pEryJMpOBaHHS Ha OJHOM OOBEKTe, JIA
aHAJIOTMYHBIX pa3pabOTOK Ha Jpyrux oObekTax. MexaHudeckoe
MEepPEeHECEHUE PE3yJbTaTOB B O3TOM Ciy4yae JOMYyCTUMO JIHIIb TIPU
UJICHTUYHOCTH OCHOBHBIX CBOMCTB paccMaTpUBaeMbIX 00BEKTOB, KOTOpas
MOKET OBITh YCTAaHOBJICHA ITyTEeM KOJIMYECTBEHHOUW OIICHKH WX CXOZCTBA.
Takum  oOpa3om, HeoOxoamma  pa3pabOTKa  KOJIMYECTBEHHOM
MHOT'OITapaMeTPUIECKON KiTacCU(pUKAIIMA METUOPATUBHBIX 0OBEKTOB.

OromMy BOOpOCY  LEIECOOOpa3HO MOCBATUTH BOCBMOW  3Taml

UCCIIEOBAaHUN. 311eChb BCTPETUTCS PsiA 3a/4ad, €lIe HE PEMICHHBIX B
MIPUMEHECHUU K 00BbEKTaM MEJIMOpALUU (cBepThIBaHUE
MHOTOIapaMeTpUIecKo MH(OpMAIIMK U TPEJCTaBICHUE €€ B YI0OHOM
JUTSL paCYETOB BHUJIE; ONPEACIICHUE KJIaCCOBBIX 3TaJOHOB; BHIOOD
KPUTEPUEB NPUHAUICKHOCTH K KIACCYy U Psii APYTrHUX). 3HAUYUTEIIHHOE
MECTO Ha 3TOM 3Tafe 3ailMeT peuIeHHuEe MPOrPaAMMHO-BBIYUCIUTEIBHBIX
3a/1a4, TaK KakK KJIacCU(PUKAIMI0O IO MHOTUM [apaMeTpaM MOKHO
OCYIIECTBUTH TOJIBKO HA DBM.

W, HakoHell, 3aKIOYMTENIbHBIM 3Tal HCCIECJOBAHU COCTOUT B
pa3paboTKe METOJOB MAIIUHHOTO TPOEKTUPOBAHUS, KOTOPOE MOXKET
OBITH OCYIIIECTBIICHO, HATIPUMED, MMYTEM MOKUCKA ONTHUMAIBHOTO BapruaHTa

peryJIupoBaHus JUIsl 00bEKTa JAaHHOTO KJlacca.



BBuay Toro, 4ro mpobiema W OTIEIbHBIC €€ 3aJa4d YpPE3BBIYANHO
CIIOHBI, I1€JIeCO00pa3HO KaXAblii BOMPOC pa3duBaTh Ha Pl
CaMOCTOSATEIBHBIX 3aJ]lad, JUIsl PEHICHUS] KOTOPHIX MOKHO HCTOJIb30BaTh
y)K€ H3BECTHBIE aIrOpUTMBL. JpyrmMm cioBamu, IeJecooOpa3Ho
COCTaBJIATh CTPYKTYPY Ka)XJOTO BOIPOCA, AJIEMEHTBI KOTOPOH MOTYT
M3y4aThCsl pa3IMUHBIMU MeToamMu. OJIHaKo HamOoJiee MOJTHOE U3YUYEHUE
MOJKHO MPOBECTHU, HCIIONB3YsI METOJI MOJICITUPOBAHKS B CAMOM IIHPOKOM
CMBICIIE — KakK HEKOTOPOr0 JIOTHKO-MAaTeMaTHYeCKOTO OIHMCAHMUS

MPUPOIHBIX 0OBEKTOB (pacTeHHE, MOYBa, KJIMMAT).
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