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BBEIIEHUE

Knumenr ApkappeBuu TUMUpsi3eB He 3aHUMANICA M3YUeHMEM [THIXAHWA.
Ho 310 OTHIOmB He 03HAauaeT, uTo €ro POIb B PasBUTHM 3HAHWH O JOBIXaHUHU
marna. HampoTus, oH gan oueH» MHOrO, TaK KaK MMEHHO HM NpemIoyKeHa Me-
TOZONOIrUsA UCCIIEIOBAHNA — HCTOPUYECKHE MOAXON, K TI6OMY KOHKPETHOMY
BOIIpOCY — H, KpOMe TOTO, ONpeZe/ieHO Ha3HaueHWe (H3UONIOrMH pacTeHui
KaK TEeOpeTHYeCKOH OCHOBBI 3eMiiemenuA. UTO Kacaercs Halllell TeMBI, TO
uHTepec TuMUps3eBa K 3HepreTHKe HOTOCHHTE3a, K IIPEB pallleHUAM 3HE pruu
B paCTeHHM M K METOJHUKe €¢ HU3YYeHMA XOTA M KOCBEHHO, HO HECOMHEHHO
BIIMAL ¥ HA DA3BUTHE MCCIIC[OBAHUH, W HA MpENCTABIICHUA 06 JHEpreTHKe
[BIXaHUS.

OTHOCHTENBHO Lie/in M3yuYeHHs SHEPreTHKHM ABIXAHWS HANO CKA3aTh Cile-
nyromiee. Temepb, Korma B TeopuM (DOTOCHHTETHYECKOH IPOLYKTHBHOCTH,
paHee He BKJIIOYABILEH BOMPOCHI [IBIXaHWA, BOSHUK TOBBILLEHHBIA MHTEpEC
K 3TOMy IIpOLeCCY KaK MpeAnoI0XHUTEIbHOMY pe3epBY yBeJIUUeHH A YPOIKas,
HEOOXONMMO BEICHUTH TpEX[e BCEro, KaKOBa 3HepreTuueckas 3hdexTus-
HOCTb TpAThI YITIE€POIa B HObIXdaHWM. JIeMCTBUTEIBHO, TONBKO OTBETHUB HAa BO-
poc 06 3¢eKTUBHOCTH MBIXATENBHBIX 3aTPaT, MOXKHO pa3pabarbiBaTh KOHK-
PETHBIC IIDMCMbI ONTUMH3AUMH OBIXaHHA. TakuM 06pa3om, 3HepreTHKa IbIXa-
HUA — 3TO TEOPETHUYECKASA OCHOBA NIPOBIIEMBI ,,POJIb ABIXAaHUA B MPOOYKIMOH-
HOM HNpoLecce pacTeHWd’, KOTOpasd B NOCHe[HUE ACCATWIETHs MpHOGpera
Gombuiyio 3HauMOCTs. OfHAKO, TpeKae YeM IepeiiTH K COBpeMeHHBIM npe -
CTaBIICHUAM O COCTOAHHMYM IPOOIEeMBI, ClIeyeT,COrJIacCHO OJHOMY M3 33aBelaH-
HBIX HAM TUMUPSA3EBBIM METO/IONOTHYECKHX TIPaBIII,! pacCMOTPeTh HCTOPUIO
X QOpMHUPOBaHHUS.

CIIMCOK ITPMHATHIX COKPANEHUN

K — DOBIXaTeJILHBIM KOHTD OJIb BHAM - GenarumpokcamoBas KHCIOTA
AJH® — oumutpodeHon (vma BAM)
HOAQ® - muoxcuaueroH(ochar CLAM - xnopGeH3rmmpoxcamMoBad
AC — OBIXaTellkHasi CIOCOBHOCTS KHCJIOTa :
K3P - koadduuuent sdpdexrusHocTu FCCP — ¢pnoopokapt oHmwImaHEIMe-
pocra TOKCHOMEHUT I'Upa3oH
OI'K - dochornunepuropas kucnora Py — (pocdop HeopTranuuecKult
OPJT — umanunEpe3’UcTeHTHOE OBIXAHHE SHAM — canuumuMnragpokcamMoBasd
ONTA —sTwieHOUaMUHTeTpaaLETAT KHCI0Ta
I3 - sHepreTHuecKas 3)peKTHB-
HOCTH OBIXaHHA
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K. A. TumupsiseB 10611 OBTOPATE HpaHy3CKYI0 IIONOBOPKY O TOM, UT0 TOJBKO
OTCTYNIHB U pa30eXXaBLINCh MOXHO CIIeNaTh YCHelHBN IPEDKOK Bliepe/l.



Yactse 1

NCTOPHUA U METOIHUKA
M3YUYEHWS SHEPTETUKHM IbIXAHUWUSI PACTEHUM

PassutHe mpencraBnenuii 06 SHepreTHKe IBIXAHUS
H IOYyTH ee H3yUeHHs

’ IlepBBie npencTaBnenus o6 sHepreTHKe OBIXaHHA B (PMIUONIOTHHM pacre-
HUAY TIOABHITMNCh TMPAKTHYECKH TOITIA )K€, KOraa ObUIO0 0CO3HAHO, YTO TaKoe
CaMO [IpIXaHWe. JTO IPOM3OLUIO B pesynbrate pabor Caxca (Sachs, 1865),
B KOTOPBIX CHOPMYIIMPOBAHO NEPBOE OIpelerieHrie NbIXaHuA KaK nmpouecca
OKHCJICHHA OPraHWYeCKHX BEIIECTB KHCIOPOAOM BO3IOyXa C BhINEICHUEM
YITICKHCIIOTEI M IMOKAa3aHO €ro TOXIECTBO C [ObIXAHUEM >KMBOTHBIX. XOTS
B3rnAnel Cakca He GbUIM NPUHATHI BCeMH (DU3HOIOTAMH MHpa eIWHOMIYILHO
(Cemmxarosa, 1981), B Poccuu oHu oMYy TIONHOE IpU3HAHNAE U pa3BHTHE
B 3HAWMTETBHOH CTeNeHH Gnaropapa A. C. ®aMHHUBIHY, KOTODPBIT K PHTHYECKH
AHATU3MPOBAL 3TH BO33PEHHA, OTHENASA UX OT CBOHCTBEHHOrO TOI[a HayKe
H3JIMIIKA HATY pOHIOCODHE U TOMBICIIOB.

Hackonbko 3aHMMANH BOMpPOCH! SHEPre THKH IbIXAHU pyccKux pu3noio-
TOB TOrO BpPEMEHH, BUIHO XOTA OBI IO TOMY, YTO IepBas KPUTHYSCKAA MOHO-
rpagusa 1Mo BeeH (DUIHONIOTUM pacTeHWN HOCWIZ HA3BAHNE ,,OOMEH BelllecTB
1 IpCBpallieHNe 3Heprud B pacreHuax”. Ee aBrop A. C. Qammuusm, Kak u
Caxc, He OTAENSUT IHEPreTUKY MBIXAHHMS OT Ta3006MeHa. DTO BUOHO M3 IH-
TaThL: ,,...4€Pe3 COXUTAHNE YACTH IHUIIM pa3BUBaeTCA BHYTPH PACTEHUS TeIUIO-
Bas JHEpIUid, 6e3 KOTOpPOH HEMBICIMMO MpPOSBIICHHE XHU3HEHHBIX OTIIPABJIC-
Huu” (@aMuHUBH, 1883, c. 224). OTa MbICIb HITIOCTPHPYETCS CXEMOIl,
B KOTODOH [JBbIXaHWE IIpE[CTABIIEHO KaK HeoTheMIIeMas YacTh I1poleccOB
»»[TOCTPOCHHUA OPraHU30BaHHBIX 0OPa30BaHMM™ — KIIETOK, opraHon. Cnejyer
MOMAYCPKHYThb, UTO 3TH NPAaBHUIIBHBIC C COBPEMEHHOM TOUKHU 3peHHs IpejicTaB-
JIeHHA ObUIN CIIeICTBHEM B OCHOBHOM YMO3PpUTENBHBIX 3aKIIIOUCHUH U 0OLIMX
CBe[IeHWH MO OHOJIOTHH. JK CIlepHMEHTATBHBIH MATEPHAII 110 SHEPIreTHKE IblXa-
HUA ObUI ellle JANeKOo He HOCTaToYeH mis 060 6meHuii. On NOCTYAJ B KOHLe
XIX 1 Havane XX BB. U3 IBYX MCTOYHHKORB U3YYCHUA CBA3H JILIXAHUA U pocTa
U KaJIOpUMETPHUICCKUX HU3Me PEHHM 3HECPreTHUE CKOTO Basianca,

H3yueHne cBsA3M IBIXaHWA M pocta. [lepBEIe JaHHBIC OTIOCHTEIBHO CBA3H
AbIXaHUA W pOCTa OBUIM NOJy4eHsI, NO-BHAUMOMY, Bonkonpim u Maitepom
(Wolkoff, Mayer, 1874). Oumn MU3MEPSUIM POCT M OJIHOBPEMEHHO IBIXaHUE
06BeKTOB (IpOpoCTKH rpeunxu u Tropaeolon majus, wopin Go6oB), MoMe-

asg MX B YCIIOBHS DA3HOH TEMIIEPATyphl, U OOHAPYKWIN CXOJICTBO B XOIe
ITUX TipoueccoB. Ha cmemyronmit rom Maiiep (Mayer, 1875) no amamoruu
¢ ,,00MBINOM KPHBOM pocTa”, yCcTaHOBIIEHHOM CaKcoMm, nnel TepMHH ,,B0715-

s KpuBasfd NbIXaHHA™, XapaKTepU3YIOLWMH MIMEHCHUE JILIXAHUS TI0 Mepe
poOCTa MIPOPOCTKA.
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Jloruka TMOMCKa CBA3M NbIXaHUA H pocTa ObDIA CIIEAYIOLISH : eCIH U3Me-
HeHHs OpIXaHWs K pOCTa BO BPEeMEHH WIH IIOJ BIMAHUEM Pas3/IMYHBIX y CTIOBUMH
O[MHaKOBBI, TO MOXHO CUHTaTh, YTO [bIXaHue NPEIOCTABIIAECT CODOU JHEPTeTH-
UYeCKHH UCTOYHUK IA pocTa.

B 20-x ropax Kunn, Becr u Bpurrc (West-et al., 1920; Kidd et al., 1921)
MOJIYYMJIM MHOI'O HHTEPECHbIX HaHHBIX O B3aMMOCBA3N POCTa, ObIXaHUA U JIpY-
I'MX MpOUECCOB M HAMETWIH ITyTH [aJbHEHIIMX UCCIeOBaHUE B 3TOM Hallpas-
JIeHUH.

MHe KaXeTcs, YTO ISl BHIABJICHUA CBA3M OBIXaHWA U pocTa Haubolbilee
3HAYCHHE MMEJIH MCCIIeIOBAHUA, MOKa3aBllle, YTO CTUMYIIALMA ObIXaHUSA IPO-
VICXOIUT TOTZAA, KOTZIAa HAUMHAIOTCA CHHTETMUYSCKHE MPOLIECCHI, B MOXET Olle-
peXxaTh BO BPEMEHH IIpOABJICHHE POCTa KaK yBeJMUYeHHE Macchl 0OheKTa.
K BrBOLY O HEeOOXOHMMOCTH OBIXaHUA MMEHHO 1A CHHTETUUECKMX TIPOIEC-
COB yXe IIpAMO, @ He KOCBEHHO NMOABENIH pabGoThl, B KOTOPBIX HCCIIEAOBAIINChH
CBFI3M [bIXaHWA ¥ DemKoBOro 0OMeHa. 3apoXIeHKUe 3TOrO HANIpaBIeHUsT MOXK-
Ho BuAeTh B npepcraBieHusx U. I1. Bopomura (1876) o Genxopoit mpupome
IObIXATENBHOIO MaTepualla, KOTOpoe OYeHb YeTKO OpUio u3noxeno A. C. Da-
muHIBHBEM (1883, ¢. 326—330). Bomnpoc 0 ¢BfA3M HBIXaHKUA C KOJIMYECTBOM
Oenka craswiy U Kunn, Becr u bpurre.

Munytor 3 gecaTuiieTHs, U pa3sTOPUTCA OXKECTOUSHHAN MHCKYCCHA O Xa-
paKTepe CBA3ed MeXHY a30THBIM M YITIEBOJHBIM OOMEHAMM, B KOTOPBIX
JAbIXaHue TPHUCYTCTBYET KaK IyTh KarabonuWuYecKHUX IMpeBpameHuit (cM.:
Steward, Bidwell, 1958; Yemm, Folks, 1958). Jlns pelleHUs UHTE PECYIOIIMX
HaC BOIMIPOCOB BaXXHO TO, YTO BOBJICUCHHBIC B 3TY AUWCKYCCHUIO aBTO PbI BHIABH-
JIA CBA3b C OBIXaHWEM HE COIepKaHM DenKa B KIIeTKaxX, a CKOpPOCTH ero CuH-
T¢3a, U MOKa3amyd TaKKe, UTO BBICOKOE [pIXaHHe CONPOBOXKHAeT CHHTE3 He
TOJIBK O Oenka, HO 1 PHK u HyKkeoTHIOB.

OmHaKko pasrpaHUYWTh 3HAUCHME JIBIXAHUS KAK MCTOYHHMKA SHepTHUH U KaK
JOHOpa MHTePMEIHATOB IS CUHTE30B 3TH [AaHHBIE €lle He NO3BOJIMIM. JTO
caenany paGoThl ¢ NMpUMEHEHHEM MHIMOUTOPOB MOBIXAHWA NpPH ONHOBpEMEH-
HOM OIipefierieHHH UX OEHCTBUA Ha pocT. Tax, UCIIOJIb30BaHUE cuermdude cKo-
TO UIfl MUTOXPOMOKCHIA3HI Afa (OKMCH YITIepoHa C MOCHeayloneil peak THBa-
Iyed ABIXAHUS CHHHM CBETOM) TOKa3ajio, YITO C POCTOM CBS3aHA LIUTOXPOM-
oxcupasnasa cucrema (Hackett, Thimann, 1952; Hackett, Schneiderman, 1953,
uuT. no; Laties, 1957). Vi3 du3nonoruu XMBOTHEIX K TOMY BPEMeHU Yke GbUIO
M3BECTHO, YTO B 3TOH cHCTeME QOPMHPYIOTCA BEICOKOIHEPreTHIeCK e COeIH-
HeHus. CjeloBaTeNbHO, MOXHO ObDIO NepeHeCcTH HA PacTeHMs NpeJICTaBJIEHHE
HMEHHO 00 3HEpreTHYSCKOM CBA3M ObIXaHWs M pocTa. Ho Ha nytw ripusHaHws
3TOTO TIpefCTaBjIeHus CTOSIO TO, YTO eme He OBbUIO M3BECTHO, KAKYI YaCTh
OBIXaHUA y pacTeHWM OCYILECTBIIAET UMTOXpOoMHasA cucrema. Tak Bomnpoc 06
SHEPreTHYECKOM DONIM JBIXaHUA CTaJI 3aBUCETh OT BBIACHEHU A IPHPObI ObIXa-
TEJIBHBIX CHCTEM pacTeHuH. Ilockonpky miaBHBIM METOOMUYECKHM CPEACTBOM
3TOTO BBIACHEHHsI OBUIO MCMOJB30BAHME OBIXATEIIBHBIX SAMOB, CTAJI0O HOHAT-
HBIM NOsABJICHHE M 3HAYMMOCTH paboT, KPUTHUYECKHW AHATM3MPYIOILMX CIIeLiH-
GUYHOCTD Pa3jIMYHBIX SIOB ¥ BO3MOXXHOCTH HHTEPNPETAIMH ITOJIYYSHHBIX
¢ ux momouso fAaHHerx (Hackett, 1960; CemmixatoBa, 1969, unp.).

[IpusHaHue BeayllieH poiiyM UMTOXPOMHON CHCTEMSBI B [IBIXAHMI DacTEHMH
NpOM30IIUTO TO3dHee, a pellaloiee CI0BO [jid BbIABICHUA Hepre€TUeCKOoH
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pOJIH IBIXaHKA IIpUHATUIEXKUT pabOTaM, B KOTOPBIX IIPUMEHSIICS ApYrOH UHIH-
outop — punurpoderon (JH®). [Ipexpamienue pocTa moj meucrBueM JIH®
NpH CTUMYNANMK ABIXaHWs WHTPUIOBanoO yuyeHsix. JH® cran nmpuMeHsAThcs
B PA3JIMYHBIX IKCIICPUMEHTAX CO MHOXECTBOM Pa3sHOOGpPa3HBIX OGHEKTOB Ha
PasHBIX YpOBHAX HX CIPDYKTYpPHOH opranu3ammu. Korja BBIACHWIOCH, YTO
JIH®, He mpemATCIBYS TPAaHCIOPTY 37IeKTPOHOB B IbIXAaTEBHOI nemu, Ipe-
Kpamaer oopa3oBanue AT®, cTano sACHO, YTO [IBIXAHWE U CHHTE THUECKIE Ipo-
LIECChI POCTA CBSI3AHEBI Uepe3 dHepruio (cM.: Laties, 1957). Ilpyrumu crioBamm,
ObUI2 BHIABJICHA 3HEPTreTHYECKAS! POJIb JbIXAHIS.

Taxum o6pasom, B 50-x ropax Hallero Bexa 6pUia BCKPBITa MAaTepHUallb-
Hds OCHOBAa TOrO TpPEe[ICTABJICHUA O [BIXAHWM KaK HCTOYHUKE 3HEPIUM [UIf
MET200IU3Ma K pOCTa, KOTOPOe MCTIOBEIOBANH (DH3MOIOTH KOHNIA IPOLIIOTO
BeKa. JlpIxaHue crany 0BGOCHOBAHHO paccMATPHBATH KAK HMCTOYHUK CHAGe-
HUSA OUOCHHTE30B He TOJBKO Ipe/IleCTBEHHUKAME CIOMXKHBIX COEIMHEeHU !, HO
A HEOOXOIMMO IS ITHX CHHTE30B JHepTHei. DK CIle puMEHTAIBHOE H3yUYeHHe
CBHSH [IBIXaHWsd ¥ pOCIA HAYAJIO0 NPOBOIMTHECA MyTeM IPAMBIX ONpeneTeHuil
KomuuecTB AT® m AJI® B kneTkax, 4r0 3HaMeHyeT COGOI 0bcyxaeHue
pOOIEeMBI YK Ha A3BIKE CHAGKEHUA CUHTE30B JHEPreTHUSCKHMY HKBHB AT H-
Tamd. BcTanm BOIPOC O KONMYECTBEHHOW XApaKTEPUCTUKE CBA3M IIbIXAHUS
KdK HCTOYHMKA SHEPTHH W pPOCTA, T. €. 00 3HepreTHYecKol 3¢ deKTUBHOCTH
DBIXAHUA.

Hcmons3osanue kanopumerpun. BepHeMes k Hayay TOTO HMepUofa, B Te-
4CHHE KOTOpOrO LUIO BBIABJICHME IHEPreTHUECKOH poNM mapxaHus. CaMbii
CTAPBIM, MOXHO CKa3aThb KIJACCHYECKHH TOLXOH K H3yUeHHIO IHEPreTUK U
ABIXaHMA — 3TO KanmopumeTpusA. OHa 3aKiiouaeTcs B H3MEpeHHHU TeIIa, Bhife-
JIIEMOro 0GbeKTOM 32 OlpeneNieHHsI cpok (Q), ¥ B COMOCTABICHUN HalleH-
HOW BEJIMYMHBI C KOJNIUYECTBOM OCBOGOXKIEHHON B IBIXaHUM sHepruu (F).
Hpyrumu cnoBamm, 5T0 cmoco6 ompemeneHus JHeprerMuecKoro 6Gamanca
obwvekTa: E=0+ U, roe U — KOJIHYECTBO 3HEepruM, OCBOOOKIEHHOM B IbIXa-
HUM ¥ HE BBIIENUBINEHCA B QOpMe TeIlIa, T. €. YCBOEHHOI B IIponecce GHOCHH-
T€30B M 3aIllaceHHOM B OHOMacce.

BenuwiHy E HaXOfAT Ha OCHOBaHWUM W3Me PeHHUil HHTEHCHBHOCTH ObIXaHU A
B TCYCHHE OIBITHOTO BPEMEHHU M KaJl0 pHYECKOTO KO3 dHIMEHTa IbIXaTeIBHO-
ro cybcrpara. O ToM, KaKoil uMeHHO CyOCTpaT UCHONB3YETCA B ObIXaHWU B Te-
ACHUE OTIBITA, Cy[AT IO BEIMUYMHE [IBIXAaTENIbHOTO Ko3dbduimenta (1o oTHOLIE-
o CO,/0;). Onpenenenne BenmmumHbr Q MpOBOIUTCA IIYTEM YJIABIIMBAHUA
{1 U3MEPCHUS BBIACTICHHOTO O0BEKTOM 32 3TO JXKe BpeMs Telula. PesynbTathl
OOBIYHO BBIPAXAKT B HONAX Wi npoueHTax O ot E.

I[lepBBle KanOpUMETpPHUECKHE ONBITHI BBUIM IIPOBEOEHBI C >XMBOTHBIMHU
ye 200 net Hazan JIaByasse u Jla IltacoM u UMenH LieIbi0 [IPOBEPUTH IIpUMeE-
HUMOCTb 3aKOHA COXPAHEHWUS YHEPIHH K XHUBBIM 00beKTaM, C TOMH e Helbio
HCTIONBb30Ball KamopuMeTpHio M K. A. TumMpsizeB B CBOMX HCCIEMOBAHUAX IO
poToCuHTE3y. JHEPreTUUECKU BaJIaHC Py OBIXaHWKW PacTeHHH, MO-BHOAMMO-
My, BepBble 6bU1 ollpernened Ponesansmom (Rodewald, 1887—1889, mur. o
Hxerime, 1956). ManbHelinee pa3Butie U Pe3yJIbTATEI 3THX HCCIIEIOBAHMIA
usnoxensl Ihkerimcom (1956) u K. JI. Uepemuuuenxo (1965). Jns Hac Bax-
HO, 4TO OOIBLIMHCTBO OINIpEHeNeHHit, IPOBEIeHHBIX HA CAMBIX pasHbIX 06b-
€KTax, panu coorHoueHue Q/F, ouenp 6musxoe k 100%, a 310 O3HAYAET,
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YTO TOTEpU SHEPTUM B BUIE TelUla NPaKTUYeCKH PaBHBI BCell OCBOGOXKHAI0-
LIeMCHA B OBIXaHUH JHepruu, 1.¢. £ =0.

Ecnyu moaxomuTh K 3TUM JAHHBIM (DOPMAJIBHO, TO MOXKHO 3aKITIUATh, YTO
3Heprus, OCBODOXKeHHAsA B [BIXaHWHM, He yTUnu3upyercda pacreHueM (U =0).
Taxoe MHeHHe BBICKa3bBAIM HEKOTOpble u3BecTHbIe YueHble (Taycon, 1940;
cM.: Ihieiimc, 1956), ogHAKO OHO MPOTHBOpPeUWwHIIO YOeXKICHUAM BOIbIIHHCT-
Ba (usnonioroB. [loatomy Hauamuch NMOMCKH OOBACHEHWH Kamio puMeT piye-
CKHUX JaHHBIX. YUeHble, KOTOphIE CAMM He 3aHMMAJIUCh KaJIOpUMETpHEH, 00Db-
SICHANM 3TH OJaHHbIE TEM, YTO B ONBITAX MCNOJIL30BANIACh B3POCIIbIe PACTEHUA
¢ MOJIHOCTBIO MM (PPEepeHIMPOBAHHBIMU TKAHAMM, Y KOTOPBIX Maina noTpes-
Hocts B 3Heprun (KocterueB, 1937; CaGunun, 1955). Onu cwitanu, 410 B Mo-
noapix obbexTax U HOIKHO MMeTh 3HAUMMYIO BellWuMHy. B IO TBEPKICHHE
TaKOro MHeHus HnpuBomuM paHHele oitep (Doyer, 1915), monyusBiieH
y TIpOPOCTKOB TIIILIEHUIIBI BBICOKHE 3HaueHMsA BenuwiHbl U. OgHako B uHO-
CTpaHHOM JmMTepaType paboThel lloHep*: paccCMAaTpUBA/INCh KaK ONMOOYHBIE.
Urobn! MOHATH MPUUUHY 3TOTO, OIMMIUEM KpPAaTKO INpOBEJEeHHbIE €I0 OIBITHI
B mepBo# UX cepuH y IPOPOCTKOB B TEMHOTE H3MePSUTOCh KOTMYECTBO BHIIE-
JICHHOH 32 OIpefiefieHHBIM CPOK TeIUIOThI H yMeHbleHWe TelIOTHI CrOpPaHUA
00OBEKTa 32 TO Xe BpeMs, T. €. pa3HbIMM METONAMH HaXOIOWIIACh OfIHA U TA JKe
BenuuHa. OpgHako ObUT IONyYeH HEBEpOATHBIA pe3yJIbTaT: OTHOLIEHHE 3THUX
BeJINUMH Koe6anocs Mexay 38 u 95 %. Bo BTopoit cepuu ombitoB E paccun-
THIBAJIOCh IO MHTEHCHBHOCTH [IbIXaHus, () ONpefensuioch KajlopuMeTphye-
cky; orHoulenue Q/E BapeupoBano ot 14 o 49 %. Itu panHse doiep npu-
Bogat C. II. KocremueB (1937), a 3satem II. A. Caburun (1955) u B. H. Xo-
keBHY (1968). Ho y ee coBpeMeHHHKOB HeBepHBIe pe3yIbTaThl epBOi cepun
ONBITOB BBI3BANIM HeJOBepUe KO Bced pabore, TeM GOIlee 4TO Takoe DOIbIIOe
npeBbiieHUe £ Hap 0 MHOTMMH CIIpaBemiMBO OBUIO OLEHEHO Kak TeOpeTHe-
cku HeBepostHoe (cM.: Wohl, James, 1942). [loznHee pe3y/bTaThl Hoiiep
He ObUIM MOOTBEPIKIOEHBI B paGoTe ¢ TeM ke oObekTOM (Maleszewski, 1965,
uut. mo: Konkesuy, 1968), Ho B. H. onkesuu (1968) mnomywin BenmumHE!
Q/E, paBHrie 70, 62 u gaxe 33 % (y MONOOBIX pACTYLIMX JTUCTHEB ).

VicciiemoBarenu, caMy IpUMEHABLIME KaJOpUMETPUI0, IIONDIM II0 MYTH
TEOPETHUYECKOrO aHajM3a AaHHBIX 3TOr0 MeTOHad, a UMEHHO: CTANM aHATIM3UPO-
BaTh, KaKKe HCTOYHMKH TEIUIONPOOYKIMWH B XUBOM OOBEKTE COCTABIIAIT Be-
muaHy Q. Yxke B 1933 r. B. O. TaycoB Bciren 3a Tepyanom (E.F. Terroine)
micaji, 4T0 () MpefAcTaBiseT cOGOM CyMMApHYI0 BEJIMYMHY TEIUIONn pOayKIHKA
M MO3TOMY paBeHCTBO BenuunH () u £ enle He 03HavaerT, YTO SHepPTU A, OCBO-
Ooxxmaemast B IbIXaHWH, He YTUIU3UpYeTCcA. TOT e Te3uC pa3sBHIu M TEOPETH-
yecku goxasany Boms u Jhkeitmc (Wohl, James, 1942). Bo-niepsrix, OHu pac-
CMOTpPENIM M3BECTHBIC TOTAA IIYTH MCIOJIb30BAHUA 3HEPrud B 3aKOHMBIIIEM
POCT OpraHM3Me [Iis MOMAJCpXaHus ero B cocToaHmM Status quo. B mx mepe-
YeHp IHEPromoTpeOiAIMX IIPOLECCOB BOLUIM IJIABHBIE M3 TeX, KOTOphIE
BKJIOYAIOTCA B MOHATHE , IOONEep)KaHue™’ U B HacToAulee Bpema (cm.: Cemu-
xaroBa, 1980): nopmmeplkaHue KOMIIApTMEHTAUMHA BeELIECTB (0 TEpMHMHO-
JIOTHH aBTOPOB — minute subdivision iy organization) u pecuHres pacnaao-
IMXCA TIpH XU3HEeNesaTeIbHOCTH BeluecTB. IlockonbKy pacnapawnmecs Benie-
CIBa BO30GHOBIIAITICA, @ IMpOLecchl, 0DecleynBarONMe KOMIApTMEHTAIHIO,
UOYT OJHOBPEMEHHO B IIPOTHBOIOJIOXKHBIX HANpaBJICHUAX, TO MPOUCXOIUT
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KaK IIOIJIONICHHWE, TAK M BBINCJICHHE 3HEPIMH, U KOJIMYECTBO ee, YCBOEHHOE
OpTaHu3MOM B COCTOAHMH Status quo, He moamaercs uamMepenuio. IToaTomy
Y 3aKOHUYMBIIHX pOCT pacteHuit 0 =E.

Bo-BTopbix, Bonb u JIxkeliMc MpoaHANM3MpOBAIH SHEpPreTHYECK Uil 0BMeH
B Iipoueccax CuHTe3a BeilecTB de novo. Ha Heckonpkux npuMepax oHY TOKa-
3ajlx, 9TO yBEIIMUCHME 3allaca SHEPTHH BO BHOBb 00pa3yiomieMcs BellecTBe,
KaK I[IpaBHJIO, 3HAUWUTEIIRHO MeHbllle, YeM KOJIMUYECTBO 3aTpayeHHOHU Ha ero
0Opa3zoBaHKe SHEPIWM, M Pa3HMIA BbIENsieTCs B BUME Tema. CleoBaTesHO,
B BenvuMHe () COLNEPMMTCH, KAK COCTABISAIONIEE, ONpeesIeHHOE KONHYECTBO
,»;OOPAa30BAHHOTO C MONB30M™ Tewna. CXOOHBIA aHAH3 COCTABIIIONIMX BeJTH-
wHbr O 20 mer cmycrs 6bu1 nposemen C. A. Heiipaxom (1959), a satem
B. H. Xonkesuuem (1968). Heiidax paspmenusn mpomeccs! npes paleHust SHEp-
ruy Ha 2 3Tana: Ha 1-m, 0o o6pasoBanus ATO, IIPOUCXOOMT BBIIEIICHHE ,,TIep-
BHYHOM TEIUIOTHI’; HA 2-M 3Talle, B KOTOPBIA BXOAT IIPOLECCHI npeobpaszoBa-
Hus sHepri AT® B GHOXUMHYECKUX CHHTE3aX W TIpH BCEX BMIAX ,,paGoThI”,
BKIJI0YaA OCMOTHYECKYIO0, BBINCNAETCA ,BTOpHYHaA TemwloTa”. Takum ob6pa-
30M, OH TIOKa3aj, 4T0 B () BXOIAT KaK AEHCTBUTEIHHO He WCIOJIb30BAHHAS
JHEpIrud, T. €. BBIACIICHHAA Ha 1-M 3Tane TeIU1OTa, TAK M TEIUTOTA, 06pa30Bas-
mMascA yXe B pe3ybTare MpPOBENEHHOM B KIIETKaX ,.MeTaboIiMdecKoi pa-
B0OTEI".

B.H. Xonkesuy paccmMatpuBacT 3HepreTHKY PaCTEHHA U MIPH e CTPYK THB-
HOM HAmpapjleHMM MeTabonu3Ma, Mpd KOTOPOM, KakK OH mokasan, Q > E.
B cBoem aHanuze oH npuHuMaer cxemy Hefigaxa (Honxeruw, 1968, c. 139),
HO NpupaeT Gosblilee 3HAUCHNE TAKMM HCTOYHMKAM Tellla, Kak NepeKoMOuHa-
s CBOOOIHBIX PalMKanoB, THAPATAIMA BEIIECTB, H3AMEHEHNE CTelleHH arpe-
ranmm Monexyn. Kpome toro, Xonkesud mojye pKHBaeT, YTo ONpeIeieHHOe
KONUYECTBO TeIld, OCOGEHHO TpH HECTPYKTHBHOM OOMEHe, MOXET Bhiie-
JIATHCA TPH pacmajie OMONIOTHYeCKHX CTPYKTYP, UTO OH MOHMMAET KaK pacra
HEPABHOBECHBIX CTPYKTYp MOJIEKY/ISAPHOrO NOpsKa, Ha3BaHHbX A. I. I'yp-
BHYEM ,,KOHCTEIIIALHAMU .

Takum 06pa3zom, MpoBefeHHbII AHANM3 KaJOPUMETPUUYECKHX IAHHBIX
ToKasaj, 410, BO-MEpBbIX, () NEHCTBUTENILHO ABJIACTCS CYMMApPHOMH BeJIMUH-
HOH, BO-BTOPbIX, B Hee BXO[HMT, KaK CYIUECTBEHHAS COCTABIIAIOILAA, YACTh
JHEPIyM, KOTOpad ObUla yike HCIONB30BaHA B IIpOlieccaX >XU3HEOe ATeIIFHOCTH.
Ta vacre sHeprum JgpIXaHMA, KOTOpAas OCTAETCH B COCTABE BHOBb CO3NAHHOM
B pacTeHMu OHOMACCHI, HEBeNMKa (ee KONMYeCTBEHHOE ONpenelieHHe NAMH
MO3/IHEHIIMe HCCIEeNOBAaHMA, MbI MPUBEJIeM UX HIoKe). ClenoBaTeIbHO, B pas-
HOITIACHAX YYCHBIX OOMBIIYI0 pOJIb MIPAIH TEPMUHOIOTUUECKHE DPACXOXKIIe-
HUS: 10715 YCBOSHHOH (3aMaceHHOH) pacTeHueM SHEpruM Mania [aske B pacTy-
HMX OpraHax W TKaHsAX, a JOJfA UCITOJIb30BAHHON B TIpONECCE JKU3HEIeATe b
HOCTH 3JHEprud COCTaBiIsAeT 3HAYUTEJIbHYI0 YacTh BBIOEJIMBLIErOCA TeIUIa.

B mansnenmem B3risnpr Heiipaxa n donkeBrya GbUiM meTanusnpoBaHl
1 HECKOJIbKO U3MeHeHbl. Tak, pacnaji 6MOJIOTHYECKHX CTPYK < yp B I10clle THIe
rofipl TOHMMAETCA KaK KaTabOMMYecKui 3JIeMEeHT OGHOBNEHHA GellkoB-tdep-
MEHTOB W HYKJIEMHOBBIX KHCIIOT, a TaKXe MeMOpaH ¢ YaCTHYHON 3aMeHOU
BXO[SIIMX B HUX Makpomoliekyn (Penning de Vries, 1975a). BeposiTHo, 1H
IpENCTABIICHUA He MCKIIIOYAMT, a HONMONHAKT Apyr apyra (Cemuxatora u
ap., 1979).
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Ycenexu MOJNIEKYNAPHOM OHOIOTHMM TNO3BONWIM ITyG)kKe NMPOHHKHYTH U
B MEXAaHW3M IPEBPAILCHUA 3HEpruM IpH JpixaHum. [loxasaHo, yTo NepBHIM
3TaloM 3allacaHus 3HepIuu ABJAeTCA 0Opasonanue He AT®, a antexTpoXUMHU-
uecKoro mortenuyuana AuH® Ha BHyTpeHHMX MeMGpaHaX MMTOXOHZpHE. TO
3HAYMT, 4I0 BhiAeneHHbM HeldaxoM nepBrni 3Tan MNpeoOpa3oBaHUA JHE Py
IOJIKEH ObITh pasyiesieH Ha 2 YaCTH, MEpBYIO M3 KOTOPBIX COCTABJIsAET GO pMI-
poBanue AuH™. W3sBecTHO, UTO 3MEKTPOXMMHUECKHH MOTEHIMAN CIOCOGEH
obecHeunBaTh pasfIMUHbIC BHUJbI JHEPrO3aBMCHMBIX TpoueccoB (cm.:. Cxyma-
ueB, 1972, ¢. 167); obwasa, cyMMupyol@as Halll 3HAHWSA HA CeroNHAIIHKI
ACHb CXE€Ma IIPEBPAIICHUA JHEPrHMU IpPU JbIXaHWH TPEICTaBleHa Ha puc. 1.
W3 310H CXEeMBI SICHO, YTO IJIABHBbIC MCTOUHMKH BBIIENSEMON TIpH [bIXaHUY
TEIUIOTBI METOJI0OM KAaJOpUMETPUM pACWIEHHTh IMPaKTUYECKH HEBO3MOJXKHO.

WTak, KanopuMeTpus Ha MEPBBIX MIOpaxX KaK Obl CBUIETENBCTBOBANA MIPO-
THB JHEPreTHUeCKOH pONM HbIXaHWsA W IIpUBeNa TeM CAMBIM psifi ABTOpPOB
K 33aKIIIYCHUIO, UTO [bIXaHHE He sABJIACTCA UCTOYHMKOM 3HEPIUM 1A CHHTe-
30B. OpgHako Gosee rnMyOOKHi aHANN3 KanOPUMETPHUECKUX HAHHBIX CHITPan
OONbLIYyI0 pONb B pasBUTMH INpaBWIBHBIX Ipe[CTABIIeHWH 05 3HepreTHkKe
IBIXAHUA.

OHepremHueckas 3QpPeKTHBHOCTE IBIXaHUS
H €e TeopeTHUecKas BeJMYAHA

JHEPreTHKY IBIXaHUSA MOXHO MCCIENOBATh C pa3HBIX CTOPOH, O pemern s
PasiHYHbIe MIOKA3ATENH, €€ XapaKTepUsyollye; MONBITKA KIacCubHUIHMpPOBaTh
ux Opuia npoBeneHa Hamu paHee (CemmxartoBa, 1974). B HacTosmueit paGote
HAC MHTEpeCyeT TOJNIBKO OOMH — 3HepretndecKasa 3(QPeKTUBHOCTh IBIXAHU S
(939]1), raKk KaKk WMEHHO 3TOT I0Ka3aTellb HAHGONlee BaXKeH KaK B 0GMe6Ho-
JIOTHYECKOM, TaK U B NPaKTHYeCKOM OTHOLIeHHH. K ero onpepeneHno crpe-
MUJTACh HMCCIENOBATENH ¢ Hauana 3T0ro Bexa. Ho B pa3Hoe Bpemsa B cBA3M
C O0OUMM ypOBHEM TIOHUMAHUSA 3HEPTETUKH U CYILECTB VIO X METOMAUECKUX
CPefCTB €My HaBaIMCh PA3JIMYHBIE TOJIKOBAHM A, KOTOPbIE BOIUIH B TEKYILYI0
nuTepaTypy. 1103TOMY HaM MpHAeTCs yOenuTh HEKOTOPOE BPEMA UX AHANU3Y,
IpUBJIeKas MIpU 3TOM CXeMY, NIPECTABICHHYIO Ha puc. 1.

Qu3mueckoe ompeneneHue 3PPeKTHBHOCTY 3HEPTETAYECKOro TIpouecca
faet, B yacTHoCTH, JI. H. Benn (1980). 310 BenuumHba, KoTOpas xapaktepu-
3yeT TY AOJII0 3aTPaueHHOM 3HePruM, KOTOpas MCIOJIb3YETCHa M MOYKET OBITH
MCTIONIb30BAHA [JIA COBEpLICHUs TOJNEe3HOM paGorbl. PasGupas sHe pretuky
OpixaHus, bemn, Tak xe xak Jlemunmxkep (1974) u JleBuc ¢ COaRB TOpaMH
(1966), TpakTtyer 3TOT MOKAa3aTENh KaK 3P PeKTUBHOCT 06pasoparms ATO,

Taxoe moHumanue 3heKTHBHOCTH [BIXAHMA OXBATHIBALT 06a TEPBBIX
3Talla TPEBPALICHAS 3HEPrHM OKMCIeHWH (TepBhIM 3Tall — 0Gpa30BaHHUE
IMEKTPOXMMHUYECKOTrO MOTeHNHana — bemn Tonpko ymommHaer). Ha mameid
cxeme (cM. puc. 1) 33]] B HaubGonee MpUHATOM celuac 06beMe 06O 3HaueHa
uadpon II. Crporo rosops, 33]1 HONKHA OLEHUBATHCH MO TIepBOMY 3TaIly,
Ha cxeme — mudpa I. OgHAKO HeKOTOpPbIE aBTOpPHI, CTPEMSACH CONKLBUTH CO-
JepiKaHue 1oKa3aTeiii U METOM ero 3KCIepuMEHTaJIbHOTO OTfpeneie Hus, ma-
BajlM Ha3BaHue ,,JHepreTnyeckas 3PdeKTMBHOCTH” OTHOMIEHHN KOJIMIECTRA
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Puc. 1. Cxema npeBpallieHus 3HepI'Uy IpU AbIXaHUM Y 2Tallbl BhigesieHus Tenmna (¢,, q,, Q).

A — npolecchl, CBA3aHHbIe C CUHTe30M Ouomaccsl de novo; B - npolecchl Nofaep kanus status quo. 33-1-33-111 — aransl onpeeneHus sHepre-
THUEeCK O 3(D(DeKTUBHOCTH ABIXaHUSA B IOHMMaHWK pa3HeIX aBTOpoR. [losgcHeHMe cM. B TeKcCTe.






