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JlockyroB Cepreit PemxunanbnoBud poausics B
1951 r., oxonumi B 1973 r. KpacHosipckuii rocynap-
CTBCHHBIi YHUBEPCHUTET, KAHAMIAT XUMHUYECKHX

HayK, 3aBeAylolui Jsabopartopueil XMMHM pPacTH-
TeNbHBIX pecypcoB MucruryTa neca um. B.H. Cyka-
gesa CO PAH, unen KoopaunannonHoro cosera mo &
COBPEMEHHBIM  HpobieMaM  JPCBECHHOBEACHHSI.

I/IMCCTV45 HAy4HBIX MyOJMKaLMid 1o npobiiemMe B3a- o
UMOJIEHCTBHS IPEBECHHBI C (HH3HUSCKH aKTHBHBIMU .
HU3KOMOJIEKYJIIPHBIMU BEILIECTBAMHU. x

NCCJEJIOBAHUE MOPO30CTOMKOCTH JIPEBECHBIX PACTEHUM,
HUHTPOAYILIMPYEMBIX B JIEHJIPAPUA UHCTUTYTA JIECA CO PAH
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HU3KOTEMITEPATYPHBIV TEPMUYECKWIN AHAJIN3 BETETATUBHBIX
OPI'AHOB KJEHA OCTPOJIMUCTHOI'O, OPEXA MAHBUYKYPCKOI'O
1 JIOXA CEPEBPUCTOI'O"

[loka3zana BO3MOJKHOCTb MCIIOJIB30BAHMS METOAOB HU3KO-
TEMIEPATYPHOI0 TEPMUUECKOrO aHaIHu3a AJIs OLEHKH MOPO30CTOMKO-
CTH PacTeHUH-HHTPOAYLEHTOB. OIpeaeseHsl MUHIMAIbHBIE TEMIIE-
paTypel yCTOMYMBOCTH BETETAaTUBHBIX OPraHOB U KOJUYECTBO HEBBI-
MOpaXMBaeMON BOJBI B XUBBIX TKaHAX. YCTAHOBICHBI Oe30I1acHbIC
YPOBHM €€ COJepXKaHHsi B TeMIlepaTypHoM wuHTepBaie oT 0
1o — 60 °C.

The possibility of using methods of low-temperature thermal
analysis for estimating frost resistance of introduced plants has been

" PaGoTa BIIOTHEHA PH (PMHAHCOBOI MOIEPIKKe KpacHOSPCKOro KpaeBoro
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demonstrated. Minimal resistant temperatures of vegetative organs has
been determined as well as the volume of non-freezed water in alive
tissues. The safe levels of its content has been set up within the
temperature limits of 0 ...—60 degrees C.

B nennpapun Uuctutyra neca CO PAH coznana xoiuieKnus APEeBECHBIX
JEKOPATUBHBIX PACTCHUH W3 Pa3IMYHBIX OOTaHWUKO-TeOTpapuUecKuX PErHOHOB
Poccun, ctpan OmKkHEro U AajgbHero 3apyoexbst [1]. Ha 6ase atoit komtekim
BEAYTCS WCCIEAOBaHMUS MO MHTPOAYKUUHM U aKKIMMAaTU3alM{d PAacTeHUH, B TOM
Yrcie BBIACTSAIOTCS BUIBI, IEPCIICKTUBHBIC JUIS BhIpAIIMBaHuA B ycinoBusax Kpac-
HOSIpCKa. B cBsi3uM ¢ 3TUM Ba)KHO pa3paboTaTh 3KCIIPECCHBIE METOBI OLICHKHU MO-
PO30CTOMKOCTH MHTPOAYLIEHTOB ISl BBISIBICHHS JOCTATOYHO YCTOMUYUBBIX U IEP-
CIEKTHUBHBIX B TUIAHE aKKIMMAaTH3AIMU BHJIOB.

Lenp nanHO#N paboOTHl — M3YYUTH OCOOCHHOCTH (ha30BBIX IMPEBpAIICHUN
BOJBI B )KM3HEHHO Ba)XKHBIX OPraHax M TKaHAX 3UMYIOIIUX PacTEHHH MeToJamu
HU3KOTEMIIEPATYpPHOTO TEPMHUYECKOTO aHalHM3a, YCTAHOBHTH CBS3b XapakTepa
KPUCTAJTM3AIKU BOABI C YCTOWYMBOCTHIO K HU3KUM TEMIIEPATypaM.

Jnst uccnenoBaHuid BHIOpaHbI TPU BHAA MHTPOAYLIEHTOB: KJIEH OCTPO-
muctablid (Acer platanoides L.), opex manmpwkypckuid (Juglans mandshurica
Maxim.) u nox cepedpucteiii (Elacagnus argentea Pursh.). O6bekrom cpaBhe-
HUS CITy’KHITa JTUCTBeHHKIA cuoupekas (Larix sibirica Ldb.) kak manbosnee mopo-
30CTOMKHIA SKOJOIMYECKH IIACTHYHEIHN Bux [2, 3].

B mocienHue roabl 3MMOCTOMKOCTH KJIEHa, OpeXxa MaHBWKYPCKOTO U JIoXa
OIIEHWBAJIM TI0 OOMIETPUHATON CeMHUOAJUTBHON IKale, pekoMeHmnoBaHHOH CoBe-
TOM O0TaHMYeCKUX cafoB [1]. DT BUABI OTHOCHTEIHFHO YCTOWYMBHI B YCIOBHUSIX
KpacHosipcka, uX 3MMOCTOHKOCTh B pa3Hble rojnbl oreHuBanu Oamtamu | — Il
(I — moGeru ne odmepaatot; I, 11l — oOmep3aer cooTBeTcTBeHHO HE Oosice SO u
50 ... 100 % mnuHBI 0HONETHUX 1M00EToB). [10CKONBKY MOBPEXAATUCH TIIaBHBIM
o0pa3oM OJHOJIETHUE MOOErH, TO OHHU, & TAKXKE BEreTaTUBHBIC IMOYKH OBUIA HC-
MOJIb30BaHBI B KA4eCTBE 00pa3IioB JUIsl UCCIICIOBAHUSI.

Huskoremneparypusiii Tepmudecknii ananus (HTA) oTpe3koB Mex10y3-
T OJHOJIETHUX MOOEroB, OTPE3KOB MOOEroB C MOYKAMHU, OTHAEIBHBIX IOYEK, a
TaKXKe U30JUPOBAHHBIX TKaHEH MPOBOJWIN Ha YCTaHOBKaX IU(PPepeHINATEHOIO
tepmuueckoro ananmza (JTA) u muddepeHnmanbHOl CKaHUPYIOMIEH KalopH-
metpun (JACK) [2, 3]. OGpasupl oxiaxiand OT KOMHATHOW TeMIIepaTypsl /0
— 60 °C co ckopoctsimu 20 u 5 °C/u. IlapannenbHO B TaKuX K€ yCIOBUSX OXJIa-
XKIand Lesible MoOern AJsl BBIABICHUS MOBPEXACHUHA IPHU 3aMOPAXUBAHUM.
OO6pa3npl OTOMpaNM IMOce BXOXKICHHUS PACTEHHH B COCTOSHUE BBIHYKICH-
HOTO TIOKOSI W XpaHWIM B MOPO3WIBHOW Kamepe IMpH TeMIepaType
—(10...12) °C.

Ionmy4eHsl u npoaHaTU3UPOBAaHBI TEPMOIPAMMBbI 3aMOPaKUBAHHUA 00pa3-
LOB C Pa3lWYHON CKOpOCThIO. Bo BCcex ciydasx yCTaHOBJIEHBI CYIIECTBEHHBIC
pasnuyMs  xXapakTepa KpHUCTAJUIM3allMM BOJABI B TKaHAX To0era M IOYKax.
Hekotoprle u3 tepmorpamm, nosyueHssie MetogoM JTA, npuBeaeHsl Ha puc. 1.
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Temnepamypa, ¢

B kcuneme KieHa OCTPOTUCTHOTO OOHAPYKEHBI HU3KOTEMIIEPATypHBIE
sx3otepmbl (HTD) ¢ makcumymamu oxono —30 u —48 °C (mpu CKOpPOCTH OXJia-
xneans ~ 20 °C/a). Ilpu memnernom oxnaxneHnn HTD coxpaHsiack TONBKO B
unTepBane Temreparypsl — (40 ... 55) °C (puc. 1, kpuBas 1), 4To CBSA3aHO C KpH-
CTaJUIM3alel MEePeoXJIAXKICHHOW BHYTPHKIETOYHOM BOABI B JKHMBBIX KIIETKAaX
kcunembl. Benmuanna mepeoxnaxaenus pocturana 40 °C (Temmeparypa miaBie-
Hust okotio —8 °C). B aToM ciryyae KpucTaIn3anys IpUBOAUIIA K THOEIH KIIETOK,
YTO BBIPA)XAJIOCh B IOTEMHEHUU COOTBETCTBYIOIIEH YacTH KCHJIEMBL. JTOT (akT
CBUJETEIBCTBYET O HyKJIEAllMM JbJIa B MEPEOXJTaKIACHHBIX KJEeTKaxX MO TeTepo-
TreHHOMY MexaHu3Mmy [4] u, B CBOIO ouepenb, MO3BOJSET CHAENaTh BBIBOJI O
HJINYMU B HUX BEILECTB, O0JIAAAIONINX CUIbHOW aHTUHYKJICAHOHHON aKTHBHO-
CTBIO.

HTD B kcuiieme moberos kiieHa OrpaHUYMBAET €r0 YCTOWYUBOCTh TEMITE-
parypoil Hauajla KpUCTAJUIM3ALMU TEePEOXJIaKACHHON BOABI BHYTPH KIETOK, HA
YTO YKa3bIBA€T HHTEHCHUBHOE IIOTEMHEHHE KCUIIEMBI NIPH JaJIbHEHIIIEM CHIPKEHHH
temneparypsl 10 —50 °C.

[Ipy oxnaxaeHUH LENbIX OTPE3aHHBIX MOouYeK co ckopocThio 20 °C/a Ha
(oHE NMUKa TEIUIOBBIACIECHUS PETUCTPUPOBAIIN OTIENbHBIE 9K303¢(dekTrI (puc. 1,
KpHBast 2), CBSI3aHHBIE C KPUCTALTM3AINEH YMEPEHHO MePeOXIIaKAeHHON BOJIbI B
OTACTBHBIX MPUMOPAMSAX WM Tpynmnax kietok. Hamumume Takux sk303ddexros
BCErJa COMPOBOXKAAJIOCH TMOENBI0 MEPUCTEMAaTHYECKUX TKaHEH. YMeHbIeHHE
CKOpOCTH OoxJIaxkaeHus 10 5 °C mpUBOAMIO K MCUE3HOBEHHIO OTHEIBHBIX K-
303 PEeKTOB M COXpaHEHHUIO )KU3HECTIOCOOHOCTH MEPUCTEM. Y CTAaHOBJICHO, YTO C
HavyaJoM KPUCTAJUIM3ALMK BOJBI B TKAHAX, MPUJIETAIONIMX K 3a4aTKaM JINCTHEB
(OCHOBHOHM TIHK BBIJCICHHS TEIUIA), MPOUCXOIMWIO YaCTHYHOE O00E3BOKHWBAHHE
MEpPUCTEMATHUECKUX TKaHEH BCIIEACTBUE MHIPALMM BOJBI K 30HaM JIbI000pa3o-
BAHMSI BHE 3THUX TKaHEH.

B TkaHsx mo0eroB u mo4ek joxa cepedpucroro (puc. 1, kpussie 3 u 4)
OTCYTCTBYIOT BbIpakeHHble HTO, naxe mpu BBICOKOM CKOPOCTH OXJIAXICHUS.
Kpucrannuzanus HaunHaercsi B TKaHsAX KcuiieMbl (—8 °C) M MOuYedHBIX Yemrysix
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(12 °C). JIppooOpa3oBaHUE COMPSIKEHO C 0OC3BOKMBAHUEM TKAHEH MEPHCTEM.
CxopocTb 00€3BOXHMBAaHHS JJOCTATOYHO BBICOKA JUIS NMPEJOTBPALICHUS KPUCTAN-
JIM3aLMY [EePEOXJIAXKACHHON BHYTPUKIETOYHOW BOABL. TemMIeparypHas rpaHuna
YCTOHYMBOCTH B 3UMHHX YCIOBHAX MOXeT nocturats — 60 °C.

[Ipu oxyaxaeHnn oYeK opexa MaHBWKYPCKOro co ckopocThio 20 °C/ua
Haomoanace HTO ¢ makcumymom okoso —23 °C (puc. 1, kpuBas 5), csi3aHHas ¢
KPHCTAJUTH3alHel B MEPUCTEMAaTHIECKUX TKAHAX, YTO HMPUBOAWIO K MX THOEIH.
[Ipu cxopoctu oxnaxnenus 5 °C/a TermnoBoit 3¢ (deKT yMeHbIIaNCs, a MAaKCUMYM
9K30TepMBI cMmemaics B oonacts — (30 ... 35) °C (puc. 1, xpusas 6). Ilpu sTom
BU/IUMBIX TIOBPSKACHHH ITTOYEK HE HAOIIomanoch. TemmepaTypHbIC TPaHHIIBI
ycToiunBOCTH cocTaBisitoT — (40 ... 45) °C. Ilobernm He MMEIOT BBIPAXKEHHOM
HTD.

Metonom JICK m3yueHsl TemmepaTypHble 3aBHUCHMOCTH TEILIOEMKOCTHU
MOYEK M KCWIEMBI. YCTaHOBJICHA 3aBUCHMOCTD COJICp)KaHHs He3aMep3IIel BOJIbI
OT TEMIIEPaTyphl U ONPENEeNICHO KOJINYECTBO HEBBIMOpakuBaeMoil Boxbl. [loka-
3aHO, YTO NPU CHIKEHHU Temmeparypsl 10 —60 °C B TKaHIX eIme COXpaHsIeTCs
nepeoxiaXIeHHas: BOJIA, KPUCTAUIN3AIMSA KOTOPOH NPH NabHEHUIIEM OXJIax/e-
HUM HE perucTpupyercs B Buae 3k303¢dexros. Ha puc. 2 npuBeneHs! pe3ynbTa-
TBI OIIPE/ICIICHHS CO/IEPKAHMS He3aMep3aloIeil BOJIBI B Pa3IMYHbBIX 00pa3nax mpH
cHmkeHun Temmepatypel g0 —60 °C. B 3THX ycJOBHSIX OHO COCTaBIISIIO
0,38 ... 0,47, a mpu oxnaxaenuu g0 —120 °C 0,25 ... 0,33 r Ha 1 T cyxoro Belie-
CTBa.

B cBsi3uM ¢ 3TUM HMHTEPECHO OTMETHTH TaKKe, YTO >KU3HECHOCOOHOCTDH
TKaHell MepHcTeM MOYeK W TKaHeW KCHIIEMBl COXpaHsylach B TOM Ciydae, KOrja
ipu poctmxernn Temnepatypsl —30 °C (T. e. mocie 3aBepIIeHns OCHOBHOTO MTHKa
BBIJICJICHUS TeIia) 3amep3ano He Ooree 64 ... 66 % BojbI, CIOCOOHON KpUCTa-
nu30BaThCs. B TO ke Bpems conep)kaHHe He3aMepalied BOABI, HaxXOoAslelcs B
paBHoBecuu co JbjoM npu —30 °C u criocoOHOH K 3aMep3aHuIo MPH JaIbHEHIIeM
CHWXEHUU TemrepaTypsl, coctasisier 0,5 ... 0,7 r Ha 1 r cyxoro BemiectBa. Ta-
kuM o6pazom, mipu — 30 °C B TkaHsax umeercs 10 30 % mepeoxmaxxAeHHON BOJIBL.
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i / Puc. 2. 3aBUCUMOCTDH TEMIOMOTIOIIEHHUS Bu 00-
< Boda pa3iax BereTaTHBHBIX OPTaHOB M TKaHEH OT
cf 4 COJIEpXKaHUSI BOJABI TIPH Pa3MOpPaXMBAHUHU (KO-
§ w /| JIUYECTBO He3aMep3Ilel BOJbI OIpenessieTCs
§ / M0 TIEPECEUYCHUI0 COOTBETCTBYIONINX JIMHHMA C
S / OCBIO COZIepKaHus BO/IbI): 1, 2 — MOYKH U KCH-
§ ak 2 A 7 jeMa KieHa;, 3, 4 — MOYKM M KCHJIEMa JI0Xa,
S 5 — moukM opexa MaHBIKYPCKOTO
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OnHa gacTh 3TOH Macchl BOJIBI MUTPHUPYET U3 KHUBBIX KJIETOK U KPUCTAILIH3YETCS
B 30HAaX JIbJ000Pa30BaHMUs, PACTIONOKEHHBIX B MPUIICTAIONINX TKaHAX, Apyras (10
0,14 ... 0,15 r Ha 1 T CyXOro BelIeCTBa) MOXKET COXPAHATHCS B KIETKax 0e3 KpH-
CTaJUTM3AIMH AaXKe IPU JOCTHKEeHNH TemrepaTypsl — 60 °C.

B mo6om cirygae (mpu mHammunu HTO, kak y KieHa OCTPOIMCTHOTO, U B
ee OTCYTCTBHE) B KJIETKaxX MMEIOTCS BEIIECTBA, OOJIAAIONINE CHIIBHBIM aHTH-
HYKJICAIIMOHHBIM JeiicTBueM. OHHM NPEeNOTBPAIAIOT BHYTPHKJIETOYHYIO KpH-
CTAJUIM3aIMI0 (O OIMpPEeCHHOTO TEMIEepaTypHOro MNpezesa), 4TO MO3BOJSIET
pacTeHUsIM BBDKUBATH HPH JOBOJBHO CHIBHBIX MOpO3ax. MOXHO MpeAaroio-
’KHTh, YTO 3TH BELIECTBA SBJIAIOTCS CICIU(PUUSCKUMH OelKaMM, KaKk ¥ B MEpH-
CTEeMAaTHYECKHX TKaHSIX MOYEK JTHCTBEHHHIIBI CHOUPCKOM.

Kpucranmusanust Boxsl B HENBbIX MoOerax KICHa, JIOXa U Oopexa MaHb-
WKYPCKOTO HaYMHAETCS MpU OoJiee HU3KUX TEMIIepaTypax, 4eM y JHCTBEHHHIIBI
CHOUPCKOM. DTO MOBHIIIACT BEPOSITHOCTH TIOBPEKACHHUH MPU PE3KUX KOJIeOaHUIX
3UMHEH TeMIeparypsl, TaKk Kak MpHU ee U3MCHEHHH MOXKET He XBaTUTh BPEMEHU
JUISL TOCTHKEHUs 0€30IIacCHOTO YPOBHS COAEPKaHUSI OCTATOYHOM BOJBI B JKUBBIX
KIIETKaX.

Buvisoowi

MeToabl HU3KOTEMIEPaTypHOIO TEPMUIECKOTO aHAJIN3a MOTYT OBITH HC-
ITOJIB30BaHBI [UIsl OLIEHKH MEPCHEKTUBHOCTH MHTPOMYKIUHM PAaCTEHHH IO MOKa3a-
TEJISIM UX MOPO30CTOUKOCTH.

HccnenoBanre ¢a30BbIX NpeBpaIleHUil BOABI B TKAHAX 3UMYIOIIUX pac-
TEHUH TO3BOJSET YCTAHOBUTh MEXAaHHW3M YCTOMYHMBOCTH K HU3KHM TEMIIEpaTy-
pam, OLIEHUTDH YCJIOBUS OXJIQKICHUS, MPH KOTOPBIX PACTEHUsI CIIOCOOHBI BBLAEP-
JKUBATh 3UMHHUE XO0JIOJA.

MerToa gaeT BO3MOXKHOCTb OBICTPO ONPEIETIUTh TEMIIEPATYPHYIO IPaHHILY
YCTOMYMBOCTH pacTeHuid, umetromux HTD B kcuneme win movkax.

B tex cnyuwasx, korma HTO orcyrcrByrot, JICK-kpuBble 3aMopaxuBa-
HUS — OTTauBaHMsI MOYKHO MCIIOJIB30BaTh I ONPEEIICHUS] KOJIMYECTBA KPUCTAII-
JU3YIOIIEHCs BOABI B PA3IMYHBIX TEMIEpPATYpPHBIX HWHTEpBajlaX M yCTaHOBHTH
TEMIIEpPaTypHbIe TPAaHUIBI YCTOMYMBOCTH BETETATHBHBIX OPraHOB pPACTEHUIl-
WHTPOAYIIEHTOB.
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