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PHYTOINDICATIVE ASSESSMENT OF ENVIRONMENTAL
QUALITY IN LATVIA
II. METHODS FOR PHYTOINDICATION BASED ON
MORPHOLOGICAL CHANGES

2.1. CHOICE OF THE PHYTOINDICATOR

A wide range of plant species have been used for phytoindication, including lichens
(Lackovitové, 1988, Piterans, Berzina, 19%0), mosses (Licpina, Nikedemus, 19%0),
ferms (Wada et. al., 1386) and flowering plants (Mxin, 1987). Tree species have Ue
advantagres of ha 29 large surface area whichi is sersitive o environmental chanze, ard
incremental radial growth allowing retospective analysis. Of ttee species, Cofifers ale
most ofien used for phytoindication surveys duz to their increased enscitivity ard
economic impoi ance. Scotch pine (Finus sylvesins L) has been afferted in many
iIndusial areas (Schnbert et. al., 1978; Gluch, 1933) ard morphiologic d clanges in tis
Species have been surveyed troughont Dirop:.

Fhjtoirdicators ate often chosen that have a clewr and 1speatabie 12sponse 10 a
specific environmental factof that is beiny stndied. However, since the growth of plante
s tzzalated by many naoral ard athropogsenic factors, an tegl ated [esparss a8l
¥ most morptrological changes canrxX bie alribited 10 a parucular sorcs (Sctned
€tal, 1978). This is regardad a3 a drawback of thiz nethod (hMudd, 1575 Kovacy,



S

Podani, 19ae: Muir, McQumne, 1987). Howeaver, the goal of this phytoindicauve survey of
Larvia is to identify regions of cofcerr by the integrated response plant species-%«:\
nultiple factors.

2.2. MORPHOLOGICAL FEATURES

Changes in the morphological features of tees that result fom environmental

petturbation may be groupad as follows:

1. leaf (needle) color,

2. defoliation,

3. ofgan size,

4. growth pattemmns (eg shape, tranching),

&. incremental growt,

6. mortality of branches of individual,

7. seed yield.

Color changes in leaves may be the rasult of hatural factors (eg moisture of nuition
delficiency, disease, pests) of anthropogenic distarbance (Muir, McCune, 1987). Most
often, cclof changes are non-specific to a particular sowce (Schubert, 1985). However,
some environmental factors result in specific and identifiable changes (Heath, 1575,
Mudd, 1975, Prinz, 1987, Krause et. al,, 1985).

Chiorosis is the loss of leaf color, or bleaching, betwaen veins in broadleaf species,
of at needle tips .in conifers (Nebe et. al,, 1988). The chiorosis process may be
reversible. Chlorotic spots and lesions develop from increases in the canpcentrations o
nitrous oxides and ozone (Schmuck, 1986; Hartmann et. al., 1988). The yellowing of
specific regions of leaves or needles occurs closs 1o roads where salt is u ed (Schubent,
1985) and from microelement deficiencies (Hartmann et. al., 1988).

The browning of needles and the Jevelopment of silver tones have also been
observed. Necrosis are the result of mortality of cells in a particular region of a leaf of
needle, and may occur peripherally, interveinally, or apically, and as spots ot lesicrs
(Getko, 1988). The uneven distributicn of hamful substances on leaf surfaces causes
necrosis in regions of high concentrations. Needale necrosis begin at the apex and spread
to the base and the level or extent of the necrosis depend on the infensity and duration of
the anthropogenic stress. This feature is less related to natural factors such as frost,
dronght and nutrjent deficiency (Themlitz, 1360; Cdzuk, 1985, Skeffington et. al.,
1985). :

Nocmally, needle loss in pines is spatially distributed evenly in the crown
DPefoliation a8 a result of stress is non-scarce specific. Often, the crwa thins only in the
shoots. Both necdics and shoots become thorter. Typically, dead and dying branches
dong the periphery of the crown are also observed with defoliatior Branch mortality
Iesults in the Cevelopment of new shooks from dormant buds. The extent of defoliation
may be quantified, bat this is usually done subjectively (Lnres, 1988).

Tree ring analysis is usad to retrospectively describe changes in growth, and to date
Saessed oeriods of time (Liepa, 1930: LeBlanc ~t. al., 1987). Similaly, uee verucal
growth is also wsed (Fu Mao-Yi, Tamm, 1985).
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LATVIJAS VIDES KVALITATES FITOINDIKATIVAIS VERTEJUMS.

lIl. FITOINDIKACIJAS MORFOLOGISKAS METODES

2.1, FITOINDIKATORY IZVELE

Flloindikaclja var zmantot praktiski visu augu valsts taksonu parstavjus. Lotl blozi
par thtoindikatorlem lleto dazadu sugu kerpjus [Lackovicova, 1888; Piterans, Bérzina,

1990] un stnas [Uepina, Nlkodemus, 1980), paparzaugus [Wada et al, 1986,
Ziedaugus [Murin, 1987] u.tt.

Lot plasi flolndiceSana zmanto kokaugus [Krause et al., 1986, Keller, 1388;
Zurcher, 1988]. To prlek3rocibas - plasa saskarsmes virsma ar vidl, kas Jutigi reags uz
apstakju malpam, lespéja atkartotl anallzdt vienu un to pasu ipatnu stavokll lasps|a
retrospekiivi [zsekot augSanas apstakju Ezmalpam psc koksnes gadskartam u.tt
Kokaugu sturpa, savukas, ipasl leclenitl Ir skuju kokl - sava paaugstinata jutiguma un
saimnleciskd nozimiguma dé|. Parasta priede (Pinus sylvestris L) - suga, kura

Industrialajos rajonos Ir visal nopletnl apdraudata [Schubert et al., 1978; Gluch, 1888 ]
un blezl tiek lletota fitoindikativajos pétijumos visa Elropa.

Blologlsko sistému lzmalnas visnmér Ir atkarigas gan nc antropogéniem, gan
dabisklem vides faktorism. Slistema parastl reaga Integrall, tads| visbiezak
morlologlskas [zmalnas, kas atspogulo auga stavokll Ir nespecliiskas [Schubert et al.,
1878). Peétijlumos, kuros tlek anallzéla kada notelkta stresora ledarbibs, reakcijas
nespecliiskumu uzskata par frakumu [Mudd, 1875; Kovacs, Podanl, 1986; Mulr,
McCune, 1987]. Vides kvalitates parskata novartesanas gadijuma Integrala atbildss
reakclja, muosuprat, Ir viena no bloindikacljas priskSrocibam un metodes llateSanas

priekSnotelkumiem, Jo svarigl Ir noverntét realo vides stavokll, kads lzvedojies,
darbojotles visam vides taktoru kompleksam.

2.2. FITOINDIKACIJA IZMANTQJAMAS MORFOLOGISKAS PAZIMES

Vides fakloru ledarbibas rezuléati flkséjas sekojosas morfologiskds pazimés
[Hartmann et al., 1888; Innes, 1988}
1) lapu (skuju) krasas izmainas;
2) defoliacija;
3) organu lleluma lzmalnas;
4) moriozes;
§) piteauguma tzmainas;



6) zaru, Xoku kalsana;
7) s6¥lu razas izmaipas.

Lapu val skuju krisas lzmalpas var lzralsit gan dabigle-vides faktorl - mitruma un
baribas vielu rezlma traucsjumi, slimibas, kaitek|l, gan antropogénas izcelsmos agenti

ltotoksiskas vislas, skabie lietl, elekiromagnétiskais piesarpojums u.c. [Muir, McCune,
1987]. .

Visbiezak krasas izmalnas ir nespecitiskas [WyBepr, 1988], tomar noteikti vides
taktori var atstat arl specitiskas kradsojuma izmainas iezlmes [ Heath, 1975; Mudd,
1975; Prinz, 1987; Krause et al., 1985 u.c.).

Var izgkirt vairdkus lapu un skuju krasojuma izmainu veidus.

Hlorozes - raksturo blava lapu platnes krasa starp dzislam, bet priedém hlorotisks
visbiezak kjast skujas gals [Nebe et al, 1988]. Hlorotiskds parmainas var b&. /
atgriezeniskas {Wybepr, 1988). Hlorotiski punktini un plankumini uz priezu skujam
veidojas slapekla oksldu paliclinatas koncentracijas gadijuma. Lidzigus simptomus
izraisa ozona iedarbiba {Schmuci(, 1986; Hartmann et al., 1688].

Lapu noteiktu daju vai skuju dzeltesana notiek vietds, kur lelu vai colu tiri3anai

lietota sals [LybapT, 1988, noteikiu mikroelementu trbkuma gadijuma [Hartmann ot al,
1986] u.c.

Dazkant ir vérojama lapu vai skuju briinésana vai sudrabalnas krasas veidosanas
[\LiySepr, 1088].

Nekrozes bieZi veidojas p&c uzskaititajdm krdsojuma izmainam audu dalu
atmiréanas rezultdtd. P&c nekrotisko parveidojumu izvietojurna un formas izskir
punkiveida, ptankumu, starpdzisiu, apmales un galotnes nekrozes [Wyfepr, 1888].

Nekrozes veidojas.nevienmadrigi sadaloties pa lapas platni lapa aokjuvudajiem
fitotoksikantiem. To koncentr83anas vietas noris audu nekrotizé3anas { eTko, 1389,
Skuju kokiem tipiskakas ir gala nekrozes - nekrotizé3anas sdkas skujas gala un
pakapeniski virzas uz skujas pamatni. Skuju nekrotizd3anas pekdipl ncsaka
antropogana stresora iedarbibas intensitdte un flgums. Atsevidki lpatpi atSkiras péc
savas tolerances. Mazak $o pazimi letekmd dabiga stresa situacijas (sals, sausums,
barivas vielu tfrakums u.c.) [Themlitz, 1960; Odzuk, 1985; Skeffington et al., 1985},

Priedam ir rekstruriga relativi vienmariga veinaga defollaclja un, visbiezak, ta ir
nespecifiska, dazadu kamplaksl darbojosos taldtoru tzralsita {Hartmann et al., 1988]
Vainags izretinas, blezl tikal Jaunako dzinumu dala, skujas un dzlnuml dalé|l saisinafi,
var novérot baja gajusus, noksMuSus zarus vainaga aréja daja. Delollaclja relzé ar
zaru atmlranu zsauc ari Jaunu dzinumu veido8anos no snaudosajlem pumpuriem.



Defoliaclias pakdpl nosaka ar dazadlem par,\emlanlem bet to valrums ir subjekti
[Innes, 1988]

Ipas! nozimigu vietu fitoindikativo pazimju kompleksa lenem gadskartu platuma
laliaa rindas, kuras |auj retrospaktivi izsekot augdanas apstakju mainal un precizi datat
vides kzralsia stresa perlodus, kit ari aprékinat vides faktoru ledarbibas ipatsvarus
notelktos lalka periodos [Muena, 1980; LeBlanc et al., 1887). BieZi ka paziml indkcésana
bmanto arl koku garuma lkgadsjos pleaugumus [Fu Mao-Yi, Tamm, 1985].
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V. PROBLEMAS UN PEBSPEKTIVAS

leprisk$ izklastitia vides kvalitates vénadjuma rezultati balstas uz padu vienkardako
un visoperativak jevacamo fitoindikacijas mortologisko pazimju uzskates datiem. Sis
pazimes 2r labam sekmeém pislieto fitoindikacija citias Eiropas valstis. Art §is pétijums ir
sasniedzis savu galveno uzdevumu - Ir noskaidrcts vispardjais Latvijas vides stavoklis

un izdaliti stresa -rajoni, kuriem Japlevsrs uzmanba pirmam kartdm un kuros
janoskaidro vides degradacijas calopi.

Seja pétijuma (tapat k4 citos lidz 8im voiktajos), plellatota fitoindikacijas sistdma
nebdt nav pilniga. Liola méra & Ir raksturojama ar jddzienu “ekspertvansjums”, kura
bez strikti delindtam cakaribam tisk zmantota arl ligsto3& darba iegGta, ne vienmar
precizi tormalizta pieredze.

Parejot uz jaunu fitoindikativo pétijumu nosmu, acim redzot lpasa uzmanba i
J&piovard Katras indikacijns metodas informativitates novarid3anai un tas iespsjama
iPatsvara noskaidroganai indikacijas sistamg Atsevidki 8adas kritiskas lzvértdsanas
patiiumi jau Ir vaikti [Calrns, 1884; 1686; Krupa, Kickenrt, 1687; Muir, McCunse, 1887;
1988; Innes, 1088) un tie ir aktudli arl Latvijas apstakjiem plemérotako metodu un
indikacijas sistému izvala. AtseviSkl pazimju un sistémas vénd3anas elementi bija
neizh&gami, apkopoiot ieviaktos datus datu banka un veicot o0 datu datoranalizi. Saja
nodala Isi izklastam 31 vértéjuma sakuma posma rezuttatus.

5.1. PRIEZU SKUJU NEKROTIZACIJA

Priezu skuju nekrotizacija - pazims, kura likta vides kvaltates frolndikativa
ekspoitvartdjuma pamatd.  Paraleli uzskaitti dvi  nekrotizacijas parametric 1)
niekrotizacijas paképe [Jager, 1980); 2) nekrotizéto skuju procentualais daudzums.

Nokrotizéto skuju daudzums (procentos no kopséja analizdto skuju skaita) padtijuma
laiNa ir iatani palislingjies, iznemot gadijumus, kad jau 1983.gada tas ir bijis tuvs
100%. To uzskatami apliecina gadu no gada kontroldto parauglaukumu dati (5.1.1.-
5.1.3.at). Razukata - 1980.gada avsekotaja teritorija (Latviias austrumos) ir lielakais
maksimali nekrotizéto paraugu daudzums (5.1.4.att).

Rsalajam  nekrotizaéto  ekuju  procentudla daudzuma sadaljumam  pa
Parauglaukumiom ir eksponencidls, nevis linears raksturs (5.1.5. a.). Tas nozimsé. ka
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5.1.1 att. Skuju nekratizacijas procenti parauglaukuma Vainode' (8C01).
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5.1.2 at. Skuju nekratizicijas procent! paraugiaukuma 'Mazsalacas Lillja' (Z01).
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5.1.3. Skujuu nekratizécijas prooent parauglaukumé ‘Brasle’ (4 01).



5.1.4 att. Skuju nekratizacijas procentudld daudzuma sadalijums klasas.
1-5-skuju nekraizacijas procentudld daudzuma klases.
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neirotizéto skuju daudzuma klases, kas veldotas péc linedras skalas, saja gadijuma
nav plemérotas. Informalivaks un redlajal situacljai atblistosaks kiagu veldosanai Ir
eksponenclalals marogs, kurs lauj adekvatak raksturot aiSkiricas dazadas paraugu
nemianas vietas (5.1.6. att). Protams, veldojot nekrotzacijas kopalnu Latvijas
terltorljal, kas apsekota vehrdaku gadu lalka, saglab&jas novirzes, kuras veldojusas,
pieaugot pa gadlem neluotizéto skuju daudzumam. Tadsé| Sls raditajs nevar kalpot par
pamalu stabllas fitoindlkacljas slstémas veldoSanal.

Skuju nekrotizasanas pakapes tika formulstas,patot punktvelda emisijas avolu
ledarbibu uz priezu audzém [Jager, 1980). Shuaclja Latvija Ir krasl atsklriga un 4 -
6.pakapas nekrozes, kas llecina par nopletnu atmosféras plesarpojumu tka
konstalatas tlkal nedaudzos gadijumos.

Skuju koku galoinu deformaciju uzskaltes 1ezultatl atalnoti 5.2.1.attala. Si pazime,
ateklrba no leprleks anallzétajam, visal bdtlski ir lespaidojusl fitolndikativa
cispertvértdjuma gala rezultatus, proclzéjot apdraudétako Latvijas vletu gradaciju.
Korelacl|a starp koku galotnu deformacljas kdasém un skuju nekrotlzacljas procentuala
daudzuma klasém ir minimala.

Algu sastopamiba uz skuJam netlka lzmaniota ki pazime vides kvalitates
vériaganal. Tika konstatéta viena ajgu suga - Plsuroccccus vulgaris Naeg. Vietas, kur
Si ajge Ir alrodama, ta veldo uz skujam blezu aplikuma kartu. Pleurococcus vulgarts
tha strasta gandriz visos Latvijas dlenvldaustrumos apsekotajos parauglaukumos un
tikal atseviskos gadijumos cias Latvijas vietas (5.3.1.att.). Jautdjums par to, val gal
pazimel Ir kada fitolndlkativa vértiba, pallek atklats un Jaskaldro turpmak.

R4, SKUJU SASVEKQJIUN

Skuju sasvekoluma pakapl vénsja visos parauglaukumos, bet vides kvaiites
ftolndlkativa vértdjuma slstama §i pazime netika lek|auta. Apseko3anas laika
apsvekoJuma pakipe gadu no gada malnijas gan kopuma, gan atsev!3kos, katru gadu
apsekotalos parauglaukumos (5.4.1. - 5.4.4.att.). Sis pazimes noderiba vides kvalitates
veria@sanal pagaldam nav skaldra un Ir neplecieSams lzsvert, clk llela mera
sasvekojuma pakape Ir atkariga no lkgadé)am klimata svarstbam, un kads Ir Sis
Pazimes ipatsvars vides kvalitates raksturojuma.
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5.2 1. att. Skuju koku galotnu deformacijas.
0 - 4 - galatnu deforméoiju klases.
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5.3.1. aft. Uz skujam konstat&o a|gu lokalizacija Latvija
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5.4.1. att. Skuju sasvelsojuml 1983, gada
1- 4. skuju sasvekojumu klases.
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5.4.2 att. Skuju sasvekojumi 1989 gada.
1 - 4 - skuju sasvekojumu klases.
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5.4.2 att. Skuju sasvekojumi 1890, gada.
1« 4 - skuju sasvekolumu klasas.
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5.4.4. ait. Skuju sasveiojumi 1991, gada.
1 - 4 - skuju sasvekaojumu Klases.
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5, FITOINDIKATIVA VERTEJUMA FORMALIZESANA

Sastadot vides kvalitates eksperntvarisjuma kartoshémas {4.2.1. un 4.2 2 att), véra
ka pemti datl, kuri legati nevien parauglaukumos, bet ari arpus to robezam. Sos datus
wms nav izdavies formallzét datu bankd  Formallzétos vérsjuma rezultatus
niedzam 5.5.1. - 5.5.4.att. un 2. plelikuma tabula.

1988.gada, Kurzema, 1. un 2.vértdjuma klase (fona limenis) tika konstatata
larauglaukumos 5E03, 6G01, 6D06 un 7E01 (5.5.1.ait.). Liela parauglaukumu dala
iblls 3.-5.vartejuma klasel (vidd]a vides kvalitate). Kurzema apsekoto parauglaukumu
lakfi dala uzrada augstu vides degradacljas pakapi (6. un 7.vértéjuma klase).
eplial klasel atblistosle parauglaukumil lzvletotl grupés: gar Kurzemas Jirmalu (3D02,
C02 4Co04, 4B01, 5BO1, 6B01, 7B06, 8B01) un pla Lletuvas robe2as (8C04, 8CO1,
D04, 8E01). Dazl $adi parauglaukumt atrodaml ari Kurzemes centrélaja dala.

1988.gada- (Vidzeme, Zemgale, pastavigle parauglaukuml) apsakotajos
rauglaukumos valrak Ir 1. un 2.klasel atbllstosu punktu: 2J02, 2107, 3101, 3J01,
05, 4J04 u.c. (5.5.2.att). Videjl daudz ir 3.-5.klasel atblistoSu laukumu. Vides

gradaclja (7.klase) konstatdta parauglaukumos 4MC3, 4MO1, 4M02, 6L02, 6L03,
HO1 8HO2.

1990.gada tikka apsekota Latgales dsa (5.5.3.alt). Gandriz visa terltorija I
F‘vénaa ka atblisto$a 3.-5.klasel. 6.un 7 klase Ir konstatéta parauglaukumos 7P02,
03, 8P01, 9P02, aN03, 9LC2 un 8LO2.

Formallzg|ot fholndlkativa vides kvalttates vartéjuma klagu kritérijus (5.5.1.1ab.),

fl_s.t_am lespsju aprakinat vertéjuma klases pac datu banka esosallem lzejas datlem.
'8Kinu rezultati snlegti 5.5.5.attéla.

ides kvalliates blolndikativas vértaganas neplecledamiba Ir acim redzema.
an akivalakais Ir:

Indikaclja lietojamo meto3u nopletna lzvértésana;
Rinu metozu izstradasana un verifikacija;
8r0epldemilologisko, ekoeplzootologisko un mlkroblolcglsko biolndikacilas metoZu
Kapsana komplaksa vides kvalitites vénéjuma sistdma.
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5.8.1. ait. Vides kvalitates fitoindikativa vértéjuma klases 1988. gadi
1-7 -fitoindkativd vénguma klases.
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5.5.2 att. Vides kvalitates fitoindkativé vénguma klases 1889, gadd.

1-7 -fitoindikativ@ vértgjuma klases.
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5.5.3. att. Vides kvalitates fitoindkativd vertgjuma klases 1900 gada.

1 -7 -fltoindikativa vénduma klases.
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5.5.4. att. Vides kvalitates fitaindkativd vét&uma klases 1891, gada.
1 -7 -fitgindkativd véntduma klases.
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5 5.5 att. Vides kvalitdtes fitaindikativa vénguma klases, kopsavilkums.
1.7 - fitoindikativd venauma klases,
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5.5.1. tabula
FitoindiXacijas kla&u aprékinasanas shéma.
Npr <25 25 -~ 50 S0 70 70 90 S0>
Gdf. |Snp| <10 io> <20 20> <35 35> <50 50>
N i 2 2 3 3 L) q 4 4
0 K2 2 2 3 3 4 4 4 4 S
KK 3 3 4 4 4 4 S 5 6
N 2 b4 3 3 4 4 4 5 5
i Kz 3 3 4 4 4 5 S 5 ()
YK 5 S ) S S 5 6 6 6
N 3 3 4 4 4 iy 5. S5 5
2 K7 4 L 4 5 5 S 1Y 6 6
KK| - 6 6 6 6 6 6 T 7 7
N 5 S S5 S o} 6. b 6 T
3 .| Kz S5 5 5 6 5 6 6 6 7
| KK € 6 6 6 6 7 7 7 7
‘N 6 6 6 6 ¢ 6 6 6 7
4 K2 6 & 6_ 6 ) 6 T 7 7
Kk 6 6 6 6 7 7 T 7T 7

Gdf - skuju kKoku gajlotpu deforwmdciju Klases.
Npr - nekrotizéto sKuju daudzums procentos.

Snp - 3. - 6. pakapes nekrotiz&to skuju daudzums procentos.

H - Kaltu8Su Koku un Kalstosu zaru nav.

Kz - Konstatéti Kalcto3i zardi.
KK - konstatéti Kalstod3l Koki.
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CYTOGENETIC ASSESSMENT OF RADIO-FREQUENCY
ELECTROMAGNETIC RADIATION ON BOVINE
Z. Balode, V. Balodis

Department of Botany and Ecology, University of Latvia,
Riga [.V-1842, Latvia

The Skrunda Radio Location Station (RLS), which has operat-
ed continuously for more than 20 years, has created a unique
area for the study of impulse radio-[requency clectromagnetic
field effects. Investigations in the Skrunda Radio Location Sta-
tion region are wide in character and the organisms used begin-
ning [rom plants to humans. If any effects of RF radiation on
living organisms exist, then they are hard to prove. Thus, the
most suitable organisms for investigation must be chosen, and
original methods arc required.

Alongside other groups studying genctical effects of clectro-
magnetic radiation on plants and humans, we have chosen the
micronucleus test in Bovine peripheral blood erythrocytes. This
is a reasonable choice, since cows live in the same gencral ex-
posure area as humans, are confined to a specific location and
arc chronically exposed to radiation. Also, the micronucleus test
is widely used, and is a rapid and indirect method to assess
chromosome damage.

The counting of micronuclei in peripheral crythrocytes gave fow
average incidences, 0.6 per 1000 in the exposed group and 0.1
per 1000 in the control, but a statistically significant (p<0.01)

diffcrence in the frequency distribution between the control and
exposed group was found.
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V.DALODIS
(ZA Biologijas institats)

VENTSPILS EXOLOGISKA SITUACIJA

Ipado Ventspils ekologisko situficiju galvenok&rt nosaka
tris uzgémumi: Ostas rdpnica, Jdras tirdzniecibas osta un
ilaftas produktu parsiknédanas bdce. Sie objekti veido vieno-
tu, elkologiski Arkdrtfgi bIstamu zomu. Draudfjo situdciju
pnatiprina tas, ka 81 zona cledi pieklaujas biezi apdzivo-
tiem pileé&tas rajoniem - Vecpilsétaili un Pdrventai. J

zgémumu zond neattaismojami tuvu viena otral ir izvie-
totas liclas gImisko vielu tilpmes, kurfis var uzglabat
58 tdkst. tomnu amonjaka, 4,2 tikat. tonnu akrilnitrila,
)5 tukst. tonnu metanola. Seit atrodas ari tetrahloretana,
butadiéna, hlorddegraZa un citu bistamu vielu tvertnes.
Be: toam naftas bdzé var atrasties 495 tﬂkst.mj paftas pro-
{uktu, bet tirdzniecIbas ost& - 1Idz 10 tdkst.tonou kilija
hlurida, Faaugatinitas bEstamidbas zona ietver arl dzelzcelu,
jv Buru minctas gimiokds vielas cauri pilaetai pleved uzpé-

wdmiem,



Gada laika Oatas rapnicd paradknd ap 1 mil].tonnu &kid-
ro minerdlméslu (taja skaitd 0,71 milj.tonou amonjaka),
512 tdkst.tonnu metanola, 100 tokst. tonnu butadiéna, BO
takat.tonnu tetrahloretdna. Naftas bAzes ikgad&ja aprite -
35 milj.tonnu naftas produktu. Tirdznieclbas ostd katru ;ja-
du kugu tilpnés iekrauj ap 1,3 milj. tonnu kalije hlorida.

Milzigie transport&jamo un uzglab&Ajamo kImisko vielu
daudzumi rada ekologisko spriedzi pilsadta, tds apkaimé un
ap vielu transportésanas celiem. Vartéjot Ventapils ekstre-
mdlo ekologisko aitudciju, lietderIgi ir apakatit divus va-
riantus:

1) hxuniskn. vairdk nekfi desmit gadu 1lgstoﬁa. atmosfé~
ras plesaryojuma sekas;

2) postijuni, kuri rastos lespsjamds avArijas gadijuma.

Atmosféras hroniska pilesargojuma sekas

Ventapill kaitIgds vielas vid& non&k to paArvadddanas,
pérkraudanas, uzglabddanas un parstrades rezultata.

. Amonjeka parlieéana Ventspils Ostas ripnicd tiek veikta
slagta sistémd uz Ipadas estakddes. Amonjaka splediens dzelz-
cela cisternds sasniedz 18 kg/cmj. splediena kritums parle-
jot - lidz 1,5 kg/ch. Augstals spilediens sistémd rada palic-
lipatu amonjaka avArijas nopliudes varbitiIbu. Blivju boj&ajumi,
caurulu parrévumi un citas tehniskas klOmes var blt videa
pleséirgodanas célogl. Pieméram, 1988.gada 26.novembrI cauru-
les plisuma d6] atmosf&ra& 35 minudu laikd izplQda vairdk
nekf 100 kg amonjaka. Izpliddusa amonjaks makonis nokluva
1idz pat Parventas dzIvojamiem rajoniem 1,5 km attdlumad no.
avarijas vietas. Dzivojamos rajonoa amonjaka koncentrfcija
bija virs 25 m¢/m3 un viamaz 125 reizes padrsniedza muzaimalo
vienreizdji pilelaujamo amonjaka koucentréciju apdzivoto vie-

tu gaisa.



Amonjaks reguldri nopldst atmosférd caur tilpgu drosibas
varatiem, kd ari transportééanas laikd, ja tiek izmantotas
bojatas dzelzcela cisternas. 1985.gadd Ventspill pliendca 177
bojatas cisternas, 1986. - 1Y8, 1967, - 118, bet 1988.zada
pirmajd pusé - 55 cisternas.

Akrilnitrilu Ventspill pdrsdkné slégtd sistémd, piepil-
dot atbrivotds tilpnes ar sldpekli. Jistémd ir normals spie-
diens, tdpéc apjomligu nopliZu varbitiba ir neliela. Tomér
ir jagem vérd, ka akrilnitrils videi ua ifedzfivotdju vesell-
Lal ir Ipadi piutams. Akrilpitrila noplides var atgadities
to padu tehnisko célogu rezultdtd, kuru dé] izraisds amonja-~
ka piesdrgojuma.

Metanolu pérasdkné no atvértdm ocisterndm. Sis pagémiens
neizbdgani izraisa metanola noklisanu gsaisd.

TAtad Ventapila Oatas rupnicd norisinéds s 1 a8 t e m d -
tiska videas plesdargosdana ar iedar-
bIsam kImiskAm vieldm.

1i41ija hlorids atmosférfd noklist tad, ja tas nav kvali-
tativi apotrdddts ar pretputédanas lidzekliem vail kédlija
sdls tiek berta kugos yejainaA laika., Preteji PSRS MiIpistru
Fadowes léwaumam 19U0,gadad neapstrddata kalija hlorids
Ventapils oastai tika piesidtits lidz pat septembra mépesim,

Ho 1448.4ada janvdra lidz oktobrim Ventspils hidrome-
teorolugiskéd biroja darbinieki veica 148 mérijumus kalija
puteklu daudzuma noteikdanai atmosférd. Vidajad kdlija sdlas
puteklu koncentricija gaiesa bija 0,11 ng/mj. kas 1,1 rei-
zi pérsniedz orlenté joSo nekaitigis koncan&rlcijaa limeni.
fonatutetd maksimdla kAlijon sdls koncentrécija 500 m atta-
tuun no iLekrausanas vietas bija 1,08 mg/nj. kas 10,8 reizes
prvanieds miueto normativu.

wudkega ur Veotspils hidrometeorologiska biroja oficia-
luy iea dutiem, purasti reglatréjamo piesargojoso vielu (pu-
tekld, sern dioksida, slapekla oksidi, tvana gAze, amonjaka)



vidéjaAa kopncentrdclijas nav lielas. Tomér 8ie pilaétas vides
kontroles dienesta da t i vieai mep i lnig i at-
gpogulo patieso Ventapils atmosféras plesdrgojumu. Konstaté-
tas tiek tikai daZas no t&m 28 viel&m, kuras nokl0st atmosfa-
rd. Plecu vielu nekaitIgo koncentrdAciju normativi vispar nav
reglamentéti. PArbaudes, kuras tiek veiktas objektos un atse-
viBkos pilsétas punktos, ai%uacijaa raksturojums péc izlidzi-
natiem datiem, nepdrtraukta monitoringa trfkums,nedod adekvé-
tu priekéstatu par pieéarnojuma patieso pakapi, t& dinamiku
un pilesaryojuma avotiem. Ventspill a t ei dzami j & -
fizvars gaiag piesdrgojuma pastdviga mon i t or i n
g a t 1 kls.

RetrospektIvi summAra piesargojuma vértdjumu var noteikt
tikai kdlija hlorlIdam, analizéjot augsnes virs&jo slagu sa-
st@vu, S8das analizes dasddés Ventapils vietds tiek veiktas
kopé 19??.qada.ﬂnaliéu rezultdti liecina, ka 1988.gadé kédlija
hlorida piesArpojuma pakdpe un aredls ir samazinajudies., Fat-
laban piesArgotd rajona platidba ir 2-2,5 km®. Piesdrgojuma
aamazinaéanas acIimredzot ir pandkta pretputésanas lidzeklu
lietodanas rezultAtd. Tomér jaut&jums par kAlija s&ls pér-
bérfanas kaitigo letekmi uz augiem un cilvékiem paliek at-
klats, jonepielaujama piesBrgojuma
josla Joprojimapt ver biezi apdzIiIvo-
t us Veopilgétas dzIvojamos ra J onus

T4 k& Ventspill nav nodrodindts nepartraukts vides regio~
nAlais monitorings, dazZadu pilsétas rajonu integrald piesar-
gojuma pakdpi var novért&t vienigi bioindikativi (t.i., 1luzpé-
tot dzIvo organismu stévokli). 1988.gada septembri un oktob-
ri tika realizéts vides dendroindikatiIvais ekspertvértéjunms.
Konstatéts vides integrélais plesfirgojums ar emisijas centru
Ventspils Ostas ripnicas rajond. Kokausu piektAs pakdpes
degradédcijas zona aptver ap 3 km® lielu teritoriju un tds ro-
bezag ir ValdemAra un Fabriciusa lelas Vecpilasdtd un Olctobrn
iela Yarventd. Saskagd ar bioindikicijna rdditdjiem 61 zora
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iy uzukatdma par teriforiju, kurd pa s t a viga d z I -
voéana mnav pielaujama.

Ceturtds pakdpes degraddcijas zona aizpem 2 km2 lielu
teritoriju. S5is zonaa padreizéjds robeZas iezImé Kigas un
legina ielas Vecpilséta, Saldus un Lidotdju ielas Parventa.

Vadoties no bicindikdcijas pazimém, Bajd zond pa s t 4 v I -
¥a dzivoédana mnav vé&lama. 5335 zond
jetilpat pi 1l s & tas centre, ki ari pilsétas
slimniIca . Tresds pakpes degradadcijas zond praktis-
ki ietilpat visa paré&jé pilsétas dala. .

Salidzinot #os apsekodanas rezultdtus ar stdvokli, kadas
bija gadu iepriekd, ir konstatdts, ka 5ajd neilgajd laika
poami dzivodanai nelabvéligo zonu platiIba ir palielind&ju-
sies.

Bioindikdcijas metode lauj konstatét dzivo organismu in-
tegrdlo reakeiju uz vides piesdrgojuma summéro iedarbiIbu.

Tai nepiemit augsts specifiskuma attiecIba uz atsevidko ple-
saryojodo vielu iedarbibu. Neapdaubdmi, ka degradéicijas zonu
veidodana piedalds visu vidi piesdrgojofio vielu "bukete".
lomér astarp citédm vieldm bicindikatori visjutigdk reagé uz
atkdrtotu amonjaka piesfrgojumu. Acimredzot pamatéd tiedi
umonjaka noplides nosaka degraddcijas zonu roteias.

Vigparzindms, ka nelielu amonjaka devu ilgstofas iedarbi-
bos rezultdtd cilvékiem v&rojama hroniska iﬁtoksikacija. kﬁ—
ra Lzpauias ka4 augdéjo elpodanas celu katars, konjunktivits,
nronisks bronhits, dispepeija. PaArajie piesargotdjagenti, kas
12dulds Jdzgémumu kompleksfi, var vienlgl pastipripndt intoksi-

kucijas pakapi.
[eapejamfis avarijas ekologiskds sekas

wonimizas avirijas paauatinatu iespéjamibu Ventspill
guka plladea plelautie pilsetbavniecibas normativu prasibu
capgle purkapumi. Kezultata, nepileloaujami nelield teritorija,
Loy vorngony vidd, tuvu cita citai ir fzvietotas lielas
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ugunsnedrosu, sprédzienbIstamu un indIgu vielu tilpnes. Sada
situdcijd pat nelielas razoSanas klimes var izraisit kides
reakciju, kura ieraus avidrij& visus kiImisko vielu krajumus.
Sadas avérijaa sekas nav pilnibad prognozéjamas. Ta&pé&c, pre-
t&ji piegemtajiem avdAriju modelédanas principiem, nevar
novértét maksimdli iespéjamo ekologiskds. katastrofas pa-—
kapi. F

Yaja situdcija tika velkti aprékini ekologiskajém se-
k&m, kuras varé&tu izraisit tikai vienas amonjaka tilpnes avé-
rija. Sadas avarijas lespéjamibas pamatojumu un modeli ir
izstradajis ZA Pizikas institdta zin.lIdzstrddnieks A.Gaili-
tis. Aprékinot amonjaka madkoga izplatisSanéds atté&lumug,ple-
gémdm, ka véja Atrums ir 1 m/s un mékoga kustfiba notiek in-
versijas apstdklos. P&c apréfinu rezultdtiem izdalitas ge-
Bag potencifilo postijumu zonas.

Pirmajad zond letilpst rajons, kurd amonjaka koncentrdcija
maisijumd ar gaisu sasniedz 15 5. tapéc pastdv sprdadziena
iegpéjamiba. 81s zonas radiuss - 0,5 km. Zona ietver prak-
tiski visu ostds uzpémumu kompleksu. '

Otraja zonéa ietilpst rajona, kurd amonjaka koncentrédcija
paredzama virs 1200 mg/mJ. Tds rdadiuas - 9 km. Saas zoné& at-
rodas visa pilséta un arif tds tuvAka& apkaime. Sada amon jaka
koncentrdcija neizbdsami izraisIa cilvélu un dzivuieku boja-
eju.

TredSd zona. Amonjaka koncentrficija vairdak neka 600 m;ﬁuj.
Zonas radiuss - 14 km. 5aja zonA paredzama augu bojaeja.

Ceturtajd zond letilpst teritorijas, kurds amonjaka con-
centrédcija virs 3,8 mg/m3 noturésies vismaz divas stundas.
5adi apstdakli atbilst devai, no kuras iet bojd 50 4 deivaleiu.
Zonas vrddiugs - 17 km.

Piektd zoma - ar amonjaka koncenirfeiju virs 350 m;/n7.
Zonas rddiuss - 20 km. Yie dddas amonjaka koncentricllas
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augé;dlma pilnigs lauksaimnieciské&s raZas zaud&jums.

Sestajd zond paredzama amonjaka koncentrdcija lIdz 100 rng/m3
un 50 % razas zudumu, Zonas rddiuss - 47 km,

Tika veikti aprékini zaudéjumiem, kuri ir sa;aidami ava-
rijas rezultAtd sabiedriskajai lauksaimniecIbai. Pilniga ra-~
zZas bojdeja ir ieap&jama kolhozoa "Draudziba", "Komunisma ‘
celd", “Piltene", "Sarkand bulta" un padomju saimniecibas ! !
“Uiava", "Ventspils". Seit apdraudatas ir lauksaimniecibas
kultdres 1,5 milj.rublu kopvértiIba. Kolhozos "Ance",'"nlazma". )
"Dzintarkrasts", "Liekne", "Usma", "Uzvara", "Edole", "Alsunga",
"Dundaga" un J.Pabriciusa v.n. kolhozd, zaudé&jot 50 % razas,
apdraudétas ir lauksaimniecIbas kultiras vairdk nekd 1 milj.
rublu vértiba. ) ‘

Saskagd ar bilologijas zindtgpu doktora P.ZalIda aprékiniem,
bojéejas draudi skar meZa masivus Ventspila, Alkmegdziru,
Popes un Zidru meZniecIbds. Apdraudati ir 21,68 takst.ha
valets meZu kopvartiba par 1,7 miljrd.rublu.

I
fajos apréfinos nav ieklauti kolhozu un padomju saimnie-
cibu meZi, kd arl piemfjas lauksaimniecibas kultdras un dzIv-
nieki. Nav noskaidrots ari kapitdlieguldijumu daudzums, kas
butu nepleciedams kadpu nostiprindSanai péc augdja bojaajai
u.c.zaudéjumi. Lai arf cik lieli nebidtu tautsaimniecibai
draudodie zaudéjumi, tie bAtIbA ir mazsvarigi, salidzinot ar

riasku, kuram ir paklautas cilvéku dzIvibas.

fatud pietiek ar vienas amonjaka tilpnes avariju, lai
izruisitos liela méroga ekologiskA katastrofa. Svarigi, ka
Ventspila apstaklos pastdv neapdaubdmi augsta varbdtlba, ka
uvarij8d tiek ierauts viss ostas rajond koncentrdtais uzgému-
au huaplekss. Sadas avarijas sekas viap&r nav prognozéjamas.
tivtiek atilmet, ka, aprdgatot 4.2 tonnu tilpuma akrilnitrila
Levotinel, veidojus 2,1 tonna zilakéabes, kura savd cell izmi-

cing Jiaun Jdefvos organiswus. Lietderigi atgadinat, Ea
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1986.gada 18.februfAri jau apgdz4s dzelzcela cisterna, kura
bija pildita ar akrilnitrilu. Tikai laimigas sagadidanas
d&] cisterna netika bojdta un akrilnitrils nenokluva vidé.

SECINAJUMI

1 Ventupila_?acpilsétd} un Parventas dzivojamie rajoni
hroniski tiek pilesédrgoti dr indigém kiImiskdm vieldm, kuras
nokllat atmosfé&rad gulvénok!rt Ventspils Ostas ridpnicas darbi-
bas rezultdtd. 5o ekologiski nopietno situdciju var uzlabot
vienIgi min&td uzgémuma parceldana Arpus pilsétas val ari
ostas darbIbas plrprofilé&éana,.

2. KA&lija hlorida apatrdde ar pretputéSanas lfdzekliem
ir samazindjuai vides piesArgojuma pakfipi. Tomér Vecpilaséta
un Parventd kdAlija sdls joprojdm apdraud iedzIvotdju vegeli-
bu. Kdlija hlorida iekrauBana kugos patreizéjA vietd pielau-
jama, ja konsekventi realiz#é visus pretputddanas pasakumus
un hermetizd iekraudanas operdcijas.

3. Vaufapii: neatliekami jaizveido pastdviga autométiska
vides piesadrgojuma monitoringa tikls, kurs kalpotu iedzivotd-
Ju‘info;maidnai par vides patieso stavokli un dotu iespéju
operativi rikoties avldriju gadIjumos.

4. Ostas rajona uzpémumu komplekss veido ArkdrtIgi bis-
tamu konglomerftu, kurd iespéjama plada méroga avarija. le-
pieciefams pArvietot sprAdzienbIstamo, ugunsnedrodo un in-
digo vielu tilpnes drpus pilsdtas robeZam.
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LATVIJAS VIDES KVALITATES FITOINDIKATIVAIS VERTEJUMS.

l. PROBLEMAS NOSTADNE

Vides piesarnojuma pakapt parasti nosaka vadoties pac sanlttarl
epkiemiologlskajlem normativiem. Ja kada viela vide parsniedz maksimali pielaujamo
koncentraciju, ir pamats apgalvot, ka $i vide apdraud cilvéku veselibu un ir javeic
pasakumi stavok|a uzlabo$anai. Nav saubu par $is sistémas nepieciesamibu un
noderibu vides aizsardzibas reélaja darba. Konstatdjot, ka tiek parsniegtas maksimali
pielaujamas vielu koncentracijas, vides bistamiba nav papildus zinatniski japierada.
praktiski jakeras pie piesarnojuma pakapes samazina%anas.

Tomar arl i visparatzita sistéma nav ideéla. Visu antropogdno piesarnotaju
limenis zem maksimali pielaujamajam koncentracijam automatiskl negaranté zemu
vides apdraudstibas limenl, taja skalta - cilvéka veselibal nekaltigu vidl Sis sistémas
nepilnibas nosaka vairaki céloni.

Sanitari epidemiologisko normésanu veic vadoties no rezultatiem. kurus legust
eksperimentéjot ar laboratorijas dzivniekiem. Bet:
1) reakcija uz piesarpotaju laboratorijas dzivniekiem un citvékam no tuvu ne vienmér ir
viennozimigi samérojama (atcerésimies, ka péc kodofizméginajumiem Bikini atolla
briniSkigi jutas laboratorljas zurku savvajas radinleces);
2) normativus reglamentd, pamatojotles uz relativi islalkcigu fakiora ledaibibas
parbaudi, arpus uzmanibas paliek parbaudama vides faktora hroniska iedarbiba, kas
var pastavét gadiem un gadu desmitiem ilgi;

3) ne tuvu ne visu anttopogéno faktoru iedarbiba It empiriski parbaudita un
viennozimigi regalmenteéta.

Nepilniga ir vides stavok|a kontroles sistama - kontroléti tiek visai nedaudzi no
vldes faktoriem un parastl kontrole nav nepartraukta. Visu vides takioru neparnraukta
kontrole princlpa nav iespéjama to arkarigi llela skalta un daudzveidibas dg|.

Sanitarl epidemlologiskaja normésana netiek nemta véra plesarnotalfakioru
kompleksa ledarbiba, taja skalta So faktoru mijiedarbiba ar klimatiskallem taktorlem

Sanitari epldemiologiska normésana ir antropocentriska. Augi un daudzas
dzivnleku sugas parasti Jutigak reagé uz antropogéno plesarnojumu un vides kvalitates
mainu vispar. Pleméram, egju un priezu skuju nekrotizaclja sakas Jau tad, kad sera
dioksida koncentracija gaisa ir 0,06 - 0,1 mg/m3 [Coiposn, 1988} Nav pamata ilizijam
ka cilvéka veselibal nekaitiga var bt vide, kura nikujo val let boja citas sugas, taja
skalta visai atSkirigas no Homo saplens. Batiba Ir lzveldojusles visal paradoksala
situacija - vispilnigaka Informacija par antropogéno taktoru iedarbibas sekam ir uzkrata



par auglem, bet, nosakot vides kvalitates standartus, parasti tiek nemtas véra vic
pavirsas zinasanas par So taktoru ledarbibu uz cilveku [M3ttsexr, Depep, 1985]

Vadotles no izklastita,jasecina, ka vienlalkus ar visu sanftari epldemiologisk.:
normasanas sistémas prieksrocibu izmanto$anu bez uzmanibas nebitu lietderigl atst
ta verieniga "eksperimenta® rezultatus, kuru diendiena, gadu no gada, jebku:
pasaules punkta attleciba vz dzivo dabu realizé masdlenu citvaks.

Si eksperimenta sekas registré dabas stavokla monhoringa punktos i
arkantigi neplecieSamais darbs jau ir devis daudzus atzistamus rezuftatus to proces
izpétsé, kas milsdienas norisinas daba un, neapsaubami, rezuhal neizpalks o
twrpmak. Klasiskajam monitoringa sistémam tom&r piemit daZas iezimes, kas apgrutin.:
to operativu pislietojumu vides kvaltates izmainu vértésana:

1) nopietnu vides monitoringu var at|auties neliela monftoringa punktu skarna.
2) monitoringa punkta iekartoSana un ekspluatacija prasa llelu lidzek|u un darbaspe®
patérinu,

3) monitorings ir orient&ts uz ilgstodu pétijumu veikdanu,un rezultatu interpretacija v:-
atpalikt no straujam {zmainam daba.

Kops 1989.gada valraku Latvijas augstskolu un zinatnisko insthatu lidzstradniet.
grupa strada ple vides kvalistes blogeoindikativas vértéianaz slstémn.
izveidoganas. Sai vides kvalitates vértédanas sistémai ir jaietver 3 pamatposmus.

1) operativa vides kvalitales novértésana, izmantojot bioindikacijas metcdes, ur
“ekologiska stresa” rajonu izdali$ana;
2) vides degradacljas celonu noskaldroSana un analize stresa rajonos:

3) vides kvalitdtes optimizacijas priekSnoteikumu noskaidro§ana katram stres:
rajonam.

Vides kvalitates vertésanas sistémas pirmo posmu velc, analizéjot dzivas daba-
stavokll patijjuma reglona. Nav un nevar bt precizaka un Integréjosaka vides paties
stavok|a raksturotaja par tur esosajam blologiskajam sistamam. Pte tam biotas reakc
uz vides stavok|a izmainam ir tiesi vértéjama parametros, kuriem ir biologiska jéga

Bloindlkacljal Ir izmantojams Jebkur§ dzivas dabas organlzacijas limenis, be:
prieksroka ir dodama metodam, kuras operativi un ar vismazakajiem lidzekliem spé,
snlegt adekvatu vides kvalitates vértejumu. Pleaugot dabas sistému organizacijas
imenim (molekularals -> SGnu -> organu -> organismu -> populaciju -> blocenotiskals -
> blogeocenotiskals -> alnaviskals organizacljas limenls), samazinas sistémas
reakcijas atrums un Jutigums pret vides faktoru ledarbibu [Slgal, Sutter,1987]. Zemakis
organizacijas limeni tiedak un noteikiak rea@é uz ledarbibas faktorlern. So limen::
reakclja uz strasoru ledarbiba Ir daudz labak lzpetita par augstako organizacijas

limenu reakclju. Tadé| acim redzama Ir zemako organizacijas limenu prlorttara
lzmantosana vides kvalftates operatival vertésanal.



Blokimlskas un tizlologiskas vartésanas metodes |auj precizi novértat organismu
"labsalitu® un legit prlekSstatu par stresoru ledarbibas mehanismu [Darral, Jager,
1984; Keller, Hasler, 1928; Woltlenden et al,, 1988 u.c.]. Tas Ir nealzvletojamas vides
stavok|a pasliktinaSanas célonu lzvértésanas etapa, bet vides kvalltates
noskaldroSanas sakuma posma acim redzot. prieksroka ir dodama moarfologiskalam
blolndlkacijas metodém - operativam, letam un pletlekosi informativam [Marser,
Depep, 19871

Blolndlkaclja Ir lzmantojami visu dzivés dabas sistematisko grupu parstavil -
mikroorganismi, ka visatrak reagejosle bloindikator, dzivnleki, ka objekt, kuru
organlzaclja ir tuvdka “radibas kronim® - clivékam, augl, ka |utigl visvienkarsak
analizéjamle parstavjl. Paredzot visu dzivas dabas sistematisko grupu lekjausanu
bloindikativas vartdsanas sistama, ki plimos lletderigl Ir lzmantot augus. To
plelistojums blolndlkaclja paslalk ir dominéjoSals un valrdkas valstis fitolndikaclia i
lekjauta naclonéla vides monltoringa sistéma, pleméram, Holandé - jau vairak neka 20

gadus. Ar fholndlkicllas palidzibu Ir leguta llelaka vides kvalltates vértéjuma
kartoshému daja [lllyGepr, 1688].

8aja lzdevuma pledavajam Latvijas vides kvalitates fltoindikativa vartajuma
rezuttatus. Sis Ir sakuma posms vértéianas slstdmas kzveldd un visal téls no ideala
Tomar tas snledz plrmo Latvijas vides kvalitites parskata vértéjumu
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A Bioindicative Method for Assessing the Effect of Electromagnetic
Radiation on Pine Forests

Y. Balodis

Department of Botany and Ecology, Yaculty of Blology,

University of Latvia, XKronvalda 4, Riga, 226200 PDP,
Latvia

Recently, concern has been ralsed over the effect of
slectromagnetic radiation 4in the radiowave band on blota. The
largest emitter of electromagnetlio radiation in Latvia is the
Russian army Skrunda super-radar for strategic defence (wavelangth
= 2 m) operates in impulse mode; 1.3 MW impulse radlation power; 25
Hzx impulse frequency; 0.8 ms impulse duration). Outside of the
restricted area around the radar (3 km radius), the allowed
electromagnetic radiation levels are not exceeded. Thuwms, heating
effects on the cells of living organisms are not expected. Effects
on biota at the intensity of the Skrunda radar have not previously
been reported. Practically no work has been conducted on the effect
of radlowaves on plants. In thils study, tree ring analyesis was used
to test the effact of the Skrunda radar on tree stands.

A total of 36 p&}ﬁlnont plots were established of which 17
were located in the direct path of radlation from the Skrunda
radar. Within each plot, all overstorey pines were sampled using a
tree borer and annual increments were measured. Differences in wood
production were assessed after the beglinning of operation of the
radar by determining the change {in cumulative {ncremental
volume/ha. A significant decrease (p<0.05) in the cumulative
increment width, as well as the cumulative increment width as an
independent variable against all measured environmental factores,
such as moisture, soll factors heavy metal deposition etc. Prom all
of the tested factors, the only significant correlation determined
was between the electric flield strength and the change in increment
width (p=0.008). The change in cumulative incremental width was

significantly correlated with the distance to electromagnetic
radiation source.
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PHYTOINDICATIVE ASSESSMENT OF ENVIRONMENTAL
QUALITY IN LATVIA
I INTRODUCTION AND OBJECTIVES

The usual methed of assessing the level of extent of pollution involves the uie of
detarmined allowed tevels. I the conce gration of a nnecific substance iz abtove the
allowed lavel, then this allows stating that ‘mman fiealth is endangered. This method is
ragqured and important for enviropmental protection. When corsentrations of pollutants
exceed atlowed levels, further applied scientific "vork is not reguited to “prove”
snvironmant d damage, and amelinrative work should be taken immediately. However,
this widely used system i3 ot ideal. When allowed levels of pollutants ate tt exceedad
in 2 particnlag area. the combined interaction of individual pollutants may still affect the
environment as well as human healur.

Allowad levels are etermined exper.mentally using laboratogy animals, and thnw
do not always reflect the nataral system since:

1. the erfects on lab animals aned amans often differ,

2. short term experimental effects are determined aned not the effent of low levels over 4
long time,
3. dllowed levals of all pollutants have not been determined.

When practical monitoring is condurted, only a ew chemical factors ate meainred.
due to the diversity and number of pollutants. Also, the complex teractivn of
individual chemicals is ignored.

Species of plants and animals are often sensitive to anthropogenic disturbance and
charizes in the environment. For example, the nen1osis of pine and sprce neadles beors
when sulphar dioxide concentrations in aly exceeds 0.0¢ - 0.1 mg/m? (Syroid ,1233). It
1s unlikely that mman heslth wili temain unaffected in an environment whate other
species are stressad. Plant species have tr =nssed in the collzction of the majority of
data on the efiects of envirenmental factors. Although extensive data is available on the
elfects of envitonmental fuctois on plants, ajllowed levels are datzimined 2xchisively
Wiy 1elati vely minimal krowledge on the effects of pollutants on labotatory animals
(Manming, Feder, 1920).

Besides (e starsiard use of allowed Jevels, it is impottant to use natmal ecosystems
& indicaters of environmental damage. Permanent Mofitofing stations are 1zed o
Quantify environmental change, but are sometimes considered tmpracoad  tiiels
escartes limitations nsaslly allow only a few environmental MOTHE NG Statlons Wxl
ong-term centinsious monitoring may miss local euvironmental damaze.

Sinze 1953, o malti-instionion gronp of scientists in Latvia has teen developing a
Glogeoirdicative assessment system for environmerntal guality This system has thaee
Phizies of dzvelopment:

I Fast and efficiznt envitonmental assessmant miing bioindication with the
Wderificaticn of stres: sd razions,

2. detzrmination of the causes of environmenial degradation and facnssd investization
Of wrresied I2LIons,



3. d>vejopment of a plan fof envirofimerntal mprovemerd fof each suassed Isuion

The assessment of envirofmental quality is conducted using the exi:tirg nanial
system, which most precisely shows the integratad responie (o nutiple envirenmernital
factors and can be quantified. Since lower level: of organization in natural systems are
more sensitive to abiotic and biatic Iactors (Sizal, Sutter, 1987;, aid are the most
stadied, they are used most oft..1 in surveys of environmental quality.

It is important to monitor biochemical and physiological changes in olota since
these test indicate the mecharusm of action of the effector(s) (Darral, Jager. 1934,
Keller, Hasler, 1988; Wolfenden et. al. 1988). However, morptwlogical efferts are
surveyved eff: ziently, cheaper ard are adequately informative (Manning, Peder, 1750

Species from all taxonomic groups may be used for bioindication. Microotganizms
have a fast experimental reaction time. Animals are uzed since they are mote related o
bum ans. However, plants are the simplest for data collection and are thus nsed first in
the biogeoindicative environmental assessment of Latvia. Pnvteindication has been nied
woridwide. For example, Holland has utilized phy.oindication as part of their national
environmental monitoring scheme for the last 20 years. Also, the majority of
environunental quality mapping project involved phytoirdicaciof.

This work presents the initial results of the first phytoindicative envirofimental
quality assessmerit of Latvia. Based on the result: obtained during this initial phase, the
method used for further data collectior. and analysis is refined and fine-tuned.
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Valdis Balodis

SKRUNDAS LOKATORU BIOLOGISKAS UN
EMOCIONALAS IEDARBIBAS ASPEKTI

Valdis Balodis (dzimis
. 1940. g. 26. marta, Jel-
. gava) — biologs. Beidzis
Latvijas  Universitates
Biologijas fakultati 1963.
g. Biologijas zinatgu kan-
didats (1971. g.); Dr. biol.
Latvijas Universitate kops
1992. g. Stradajis Latvijas

i Universitate (docents, ve-

& cakais zindtniskais lidz-

b stradnieks), Latvijas
Lauksaimniecibas universitaté (docents) un
LZA Biologijas institata (laboratorijas vadi-
tajs). Kops 1992. g. Latvijas Universitates
Botanikas un ekologijas katedras vaditajs.
Specializéjies augu augsanasunsinudali§anas
kinétika. Kops 1991. gada vada kompleksu
zinatnisku tému — ,Vides kvalitates biogeo-
indikativa vértejuma sistema un metodes”. 57
zinatnisku publikaciju autors. Vienotnes ,Li-
dums” draugs.

Pedéjos septipos gados Skrunda ir kju-
vusi par informacijas lidzek]os visbiezak
pieminéto mazpilsétu. Sas popularitates
célonis — Skrundas Radiolokacijas stacija
(RLS) un ap to virmojosas kaislibas. Pla-
§aka sabiedriba lokacijas staciju varda tie-
§a nozimeé ,ieraudzija” astondesmito gadu
nogalé. Tad dazus kilometrus uz zieme-
Jiem no mazpilsétas izauga neparasta, 84
metrus augsta buve, kura driz vien iegu-
va iesauku ,Skrundas monstrs” (1. att.).
Nebija grati saskatit ,monstra” lielo lidzi-
bu laikrakstos daudzkart redzétajai un
bédigi slavenajai Krasnojarskas RLS, ku-
ru PSRS militaristi céla, ignorgjot starp-
tautiskas vienosanas un kuras celtnieci-
ba izraisija pamatigu starptautisku skan-
dalu astopdesmitajos gados. Lidzigi ka
Krasnojarskas RLS, ari ,Skrundas mon-
strs” nekad nesaka savu planoto darbibu.
PSRS sabruka gadu pirms sis iecerétas
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lokacijas stacijas palaisanas. ,Monstru”
drizuma nojauks.

Bet lidz pat 1998. gadam turpinas
funkcionét cita lokacijas stacija, kuya ne-
partraukti darbojusies jau 25 gadus. Sas

1. att. Jaunuzcelta Skrundas RLS uztvéréja
éka.

radarstacijas raiditaji un uztvérgji — cet-
ras 250 metrus gayas un 17 metrus aug-
stds, 8kunus atgadinosas celtnés atrodas
Enavas upites piekrastes mezos un tikai
zinataji tas var saskatit, pakapusies uz
kadas no Ventas ielejas nogazém. Sie
,Dopepr” tipa lokatori kalpo operativai
Krievijas (agrak — PSRS) ienaidnicku ra-
kesu identificésanai un izsekoSanai un
ietilpst vienota pretrakesu drosibas sis-
téma, kas iIr izvietota gar visu bijusas
PSRS robezu. Skrunda izseko ienaidnie-
kus, kas Krieviju apdraud no Rietumiem
— radari parskata visu naidigo Eiropu
— no Spanijas dienvidos lidz gpicberge-
nai zieme]os. Lokatoru antennas izstaro
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2. att. Parauglaukumu izvietojums Kurzemé {A) un RLS tiesa tuvuma (B). Jesvitrota — starojuma zona; melnie apli —

parauglaukumi; zvaigznites — radari.



elektromagnétiskos starus 154-162 MHz
diapazond. Katras 40 milisekundes rie-
tumu virziena tiek raidits 1,25 MW spé-
cigs un 0,8 milisekundes ilgs impulss.

Lokatoru ilgstosas darbibas sekas
sakam pétit 1990. gada. lerosme §im péti-
jumam naca no tas pasas iestades, kuya
lokatori tika projektéti. leradas Maska-
vas Radiotechnikas institita parstavis
un piedavaja finanséjumu lokatoru dar-
bibas biclogisko seku izpétei. Sis pie-
ticigais, pusotru gadu ilgais ligums ta ari
lidz $ai dienai ir palicis vienigais Skrun-
das problému izpétei veltitais finanse-
jums. Pasutitajus patiest intereséja loka-
toru darbibas seku izpéte.

Pieradijumi par mazas intensitates
radiofrekvencu elektromagnétiska staro-
juma iedarbibu uz dzivim batném ir
meklétidaudzos pétijumos. It ipasi pédéjos
gados. Labs parskats par §iem pétijumiem
sniegts Vispasaules veselibas aizsardzi-
bas organizacijas (WHO) izdotaja kraju-
ma.! Rezultati tomér visai pretrunigi. Ari
iespéjamo iedarbibas mechanismu skaid-
rojumi ir daudzi un dazadi.? Visas lidzéi-
néjo pétijumu un viedok|u pretrunas liek
secinat: ja vajais elektromagnétiskais
lauks vispar ietekmé organismus, ta ie-
darbiba grati pieradama. Laboratorijas
apstak]os reali nav iespéjams parbaudit
ilgstosa starojuma iedarbibas sekas, bet
lauka petijumos lidz im lietotas epide-
miologisko pétijumu metodes izradijusas
nepietiekamas.

Sakot 50 darbu, atteicamies no tradi-
cionalajiem pétijumu objektiem un meto-
dém. Par pétijuma objektiem izvéléjamies
priedes. Kokijatigi reagéuz vismazakajam
vides izmaipam, jo tadi dzivibai svarigi
procesi ki asimilacija, §Gnu aug$ana un
dalisanas katra koka noris vairakus sim-
tus kvadratmetru plasa saskarsmé ar ap-
kartéjo vidi. Un vél. Koki savu ,labsaji-
tu” katru gadu ieregistré koksnes gads-
kartas. Gados, kad apstak]i ir bijusi lab-
veéligi, veidojas platas gadskartas. Paslik-
tinoties apstakliem, gadskartas klast
Saurakas un, vides stresa gadijuma, pat
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grati saskatamas. Atliek nopemt koksnes
paraugus, izmeérit gadskartu platumus
un iegiistam informaciju par to, ka koks
ir juties savas dzives dazados periodos.
Seko statistiska analize, kas dod iespéju
noskaidrot katra pétijamna vides faktora
iedarbibas laiku un ipatsvaru.

Skrundas apkartnes mezaudzés tika
iekartoti parauglaukumi, gan radaru tie-
5a tuvuma, gan kontroles vietas (2. att.).
Sajos parauglaukumos visam priedém
papéma koksnes paraugus, veica audzu
mezsaimniecisko, geologisko, hidrologisko,
edafisko, kimiska un radioaktiva piesar-
pojuma utt. analizi. Un, protams, noteica
ari lokatoru starojuma elektriska lauka
intensitati. Katram parauglaukuma (1)
kokam (i) ar precizitati +0.01 mm izmé-
rija katra gada (¢) gadskartas platumu
w(itl). Katram gadam apréekinaja kon-
troles perioda Af_=t...t, (¢, — kontroles
perioda sakuma gads; t, — kontroles
perioda beigu gads) geometrisko videjo
gadskartu platumu:

W, (i.Af, I)-"’Hw(ltl) (1),

kur n=t, — t, + 1 — gadskartu skaits
kontroles perioda. So vidéjo lielumu
izmantoja, lai aprékinatu koksnesrelativa
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3. att. Koksnes relativa papildpieauguma
vértiba kontroles parauglavkuma.

papildpieaugumavértibud(i,¢,/|at ) katram
kokam { un katram pétijuma perioda ga-
dam ¢£:

_wi,nl)

d(i.t.’{m,)- N A D (2)



Lielums d() novérs gadskartu platumu
variabilitati, kas rodas individu genétisko
un edafisko atskiribu rezultata. Katra at-
seviska d() vértiba parada konkréta gads-
kartas platuma novirzi no normas. Ja
d()=0, tad koks ir audzis normali, tapat ka
kontroles perioda;ja d()>0, tad pieaugums
ir uzlabojies, bet, jad()<0 — pasliktinajies.
Aprékinu rezultati bija negaiditi vienno-
zimigi — kontroles parauglaukumos re-
lativa papildpieauguma vértibas bitiski
neatskiras no normas (3. att.), bet staro-
juma skartajos laukumos bija vérojama
lieluma d() batiska samazinasanas dazus
gadus péc RLS darbibas sakuma. Statis-
tiski butiskas (P<0.05) negativas d() vér-
tibas $ajos laukumos saglabajas lidz pat
retrospekcijas perioda pédejiem gadiem
(4. att.).

Vislielakais pieauguma kritums ir lo-
katoru tiesa tuvuma, tur, kur ir visin-
tensivakais starojuma raditais elektris-
kais lauks. Pastav batiska korrelacija
starp elektriska lauka intensitati un kon-
statéto pieauguma kritumu. Neatradam
citu petito vides faktoru batisku jetekmi
uz koku augsanu. Materiali par masu
pétijumiem iesniegti publicéSanai zur-
nala ,The Science of the Total Environ-
ment”,

Tatad Sie péetijuma rezultati vedina uz
viennozimigu secindjumu — Skrundas
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4. att. Koksnes reclativd papildpicauguma
vértiba parauglaukuma, kasatrodas starojuma
zon3, 4 km attaluma no RLS. Melnie taisnstiri
— statistigki butiskas (P<0.05) novirzes no
normas.

lokatoru starojums ir nelabveéligi iespai-
dojis priezu augsanu,

Navgrutiskaidrot, kapéctiesi Skrunda
bija iespéjams pieradit vaja radiofrekven-
tu starojuma iedarbibas efekta esamibu.
Pétijumaobjekti 25 gadusbez partraukuma
bijusi pak]auti impulsveirda starojumam.
Nav citu lidzveértigu ,poligonu” tik ilgsto-
§as iedarbibas pétisanai, jo paréjie, lidzigi
radari, ir izvietoti tuksnesainos apvidos
un starojums neskar dzivo dabu, Vél vai-
rak, §adi radari (katram gadijumam) pa-
rasti novietoti apkartnes augstakaja vieta
un radara starojums pacelts daudz aug-
stak neka Skrunda, kur radari atrodas
ieleja. Skrundas radari darbojas mazpe-
tita frekvenéu diapazona utt.

Tatad, Skrundas apkaime ir unikala
un plaéa Jlaboratorija briva daba”. Saja
laboratorija veikts eksperiments, kuya par
ilgstosas elektromagnétiska starojuma
iedarbibas objektiem kalpojusi apkartnes
augi, dzivniekiun aricilvéki. Atliek vienig
ievakt §a eksperimenta rezultatus. Dazi
pédéjo gadu zinatnisko iestrazu rezultati:
Sieksate (ap 3 km attaluma no radariem)
eksponeétas spirodelas (siki udensaugi)dad
kroplus pécnacejus, govim, kas ganas ra-
daru tuvuma, ir negativu genétisko par-
maigu iezimes, Skrundas apkaimes sko-
lénu psichofiziologiskie parametri uzrada
nevélamas novirzes. Pétijumu rezultati
iesniegti publicesanai zurnala ,The Sci-
ence of the Total Environment”.

Skrunda veiktos pétijumus vispusigi
analizéja konferencé, kas 1994. gada juni-
ja notika Sieksates pili,® netalu no rada-
riem. Saji konferencé piedalijas ne vien
Latvijas mediki, fiziki un biologi, bet ari
septipu arvalstu specialisti. Konferences
dalibniekiem Skrundas pétijumi §kita
interesanti un atbalstami,

Vai nu maz kas Skiet interesants
zinatnes apmatajiem! Svarigi, lai tas, ko
vigi dara, ir vajadzigs ari citiem, arpus i
entuziastu loka. Tiesi Skrunda ka nekur
citur esam izjutusi sava darba nepie-
ciesamibu. Jau tdpéc vien, ka tads iedzi-
votaju atbalsts masu darbam ka Skrunda
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nav bijis nekad un nekur citur. Bez ap-
kaimes iedzivotaju palidzibas, bez trim-
das tautiesu (Verners Cinis, Prof. Aleksis
Dreimanis, Prof. Gunars Sibigs u.c.) pa-
lidzibas nekur talu més nebutu tikusi.
Bet, kur ir palikusi tie, kuyriem
Skrundas probléma savulaik palidzéja
veidot ,cinitaja par Latvijas un latvie§u
interesém” télu? No ta laika, kad §i ciga
pret krievu militaristiem notika, ir pali-
cis pari ligums ar Krieviju, kas apliecina
Skrundas radaru turpmako pastavésanu
sLtetru gadu un astogpadsmit ménesu”
ilguma un Laidu, Rudbarzu un Rapku
pagasta iedzivotaju neldga passajata. Ja,
$ajos radaru apstarotajos pagastos cilvé-
ki patiesam jiitas slimi. Skiet gan, ka gal-
venokart tapéec, ka $ie cilveki daudzkart
dzirdéja pa radio un lasija laikrakstos par
to, kadas slimibas izraisa elektromag-
nétiskais starojums. Skrundas lokatoru
emocionala iedarbiba uz cilvéku veselibu
parspéj biologisko iedarbibu. Bet, varbit,
vél nav par vélu tiem, kas tagad vada
un virza visas musu valsts lietas, ierosi-
nat kaut vai nelielu valsts programmu

Skrundas apkaimes iedzivotaju veselihas
un dzivas dabas stavokla noskaidrosanai.
Skaidribas un iedzivotaju veselibas reha-
bilitacijas labad. Kaut vai tadé}, ka neba-
tu labi, ka vienigi krievi ir financéjusi
Skrundas pétijumus...

Varbat ari turpmak politiski bas iz-
devigi operét ar nezipu un neparbaudi-
tiem, nepieraditiem apgalvojumiem. Lidz
s§im tas patiesam bija izdevigi. Tikai ne
skrundéniesiem.

Norades
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V. Bulodis, University of Latvia

Towards a Blolndicrtive Environmental Assessment System in Lutvia

The standard usc of allowed levels of individual chemicals does not predict the
environmental effects from the combined wide spectrum of pollutants existing today. Ouws
assessment of environmental quality was conducted using existing natural systems, which
most preciscly shows the integrated response to multiple environmental factors and can be
quantified. Species trom all taxonomic groups may be used for bioindication. However,
plunts are the simplest for data collection and are thus used moost often. We assessed
covironmental quality by using trec damage surveys of forest stands with minimal forest
management. The best environmental quality is in castern Latvia. The most stressed region 1s
Southwest Latvia which is subjected to degradation from a number of possible sowrces,

including the Mazeikiai oil refinery 1n Lithuania, the Liepaja metal smelter and the Skrunda
super - radar.

Oncc we deterimined generally which areas ol Latvia were affected, we began further studies
tn determine if ather hinindicative methods wonld give similar resnlts We used methads
which could be best applied tor the cstimation of impact on human health. For example,
ccocpidemiological research in western Latvia revealed that deaths among new-born children
increased in the coastal region. Considerable forest damage was also observed in this region.
No statistical significant differences occurred in other regions. This does not imply that
human health in region vther than the coast is not affected, since the vination due to other
factors in epiderniological studices is usually extrercly high.

Ecoepizoological methods arc more suitable for assessment since variation from ficlors other
than pollution may be standardised. A survey of respiratory illness in cows sbowed that
breathing problems in Saldus district increased in 1980, which coincides with beginning of
operation of the Mazeikiai ail refinery. These results confirmed  the inhahitant complaims
about the negative impact of the Mazeikiai pollution on the respiratory system.

Our multidisciplinary approach obtained good results in the investigations of the possible
impact of the Skninda radiation on the living organisms and human health. We began our
wvestigation of the cffects of the radar emissions sn 1990, using trce nng growth as a
bioindicator. No significant differences in tree growth overlime were indicated at the control
sites. Howevcr, 1o the direct zone of electromaguetic radiation exposure the trees have
decreased their incremental growth since the beginning of the Skrunda radiaton. We
investigated the reasons for decrease of growth in the dircet path of nun - ionising radiation
by using multi - factor analyses. We determined significant negative correlation between the
clectric field strength and the increment width, but found no significant relationship between
the change in increment width aod other cuvironmental factors.

We have a sct of methods allowing us to assess the impact of the environmental factors
on the somatic processes. Now is it important to scarch for methods ecnabling the
identification of genetic effects caused by environmental impact. We have developed &
micronucleus lest in bovine peripheral blood erythrocytes. We are verifying this method now
for the asscssment of yenetic changes in human beings. Other methods of the genetic
assessment (SOS - test, Spirodcla - test ctc.) are being tested. Our goal is - to develop an
adequate bioindicative environmental assessment system that would allow the determnation
of levels of overall anthropogenic load.
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The effect of RF EM radiation on organisms

SOME RESULTS AND PROBLEMS OF THE EVALUATION OF
RADIOFREQUENCY RADIATION ON ORGANISMS

Y. Balodis, Z. Balode, G. Brumelis, K. Kalvidkis, D Tjarve,

V. Znotiga, Dept. of Botany and Ecology, University of Latvia, Kronvalda
blvd. 4, LV 1842, Riga, LATVIA

The question of whether weak radio-frequency (RF) electromagnetic (EM)
fields pose risks, continues to divide researchers into opposing, even antagonistic,
camps. This means that, if these fields actually affect living organisms, than the
proof of this very complicated, and every study must carefully choose the
appropriate method.

The Skrunda radar, which has operated continuously for more than 20
years, has created a unique area for the study of impulse RF EM field effects. In
this respect, a particulary adequate organism group to study is trees. They are
sensilive to environmental changes, and the dynamics of these cbanges can be
analysed using retrospective tree ring data.

Since 1990, over 70 permanent plots have been established in forest stands
around the Skrunda radar and in control areas. There is a statistically significant
(p<0.01) negative correlation between tree ring increment width and the power
density of the electromagnetic radiation. The decrease in the increment width began
within a short period of time after the beginning of the functioning of the Skrunda
radar and bas continued subsequently. There are no other significant correlations
between tree growth and other measured factors: geographical, hydrobiological,
geological, chemical etc. The somatic effect of the Skrunda radar EM field is being
studied on other organisrus.

The genetic effect of this radiation is of special concem. It bas been found
that close to the radar, the micronuclei number of bovine peripheral erythrocytes
increase. The reasons for this are under investigation.
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Does the Skrunda Radio Location Station diminish the
radial growth of pine trees?

Valdis Balodis*, Guntis Brumelis, Karlis Kalviskis, Olgerts Nikodemus,
Didzis Tjarve, Vija Znotiga

Department of Botany and Ecology. University of Latiia, Kronvalda blid. 4, L.V 1842 Riga, Latiia

Abstract

The Skrunda Radio Location Station (RLS), which has operated continuously for more than 20 years. has created
a unique area for the study of pulse radio-frequency electromagnetic field effects. Trees were chosen to assess these
cffects. Since 1990, permanent plots have been established in pine forest stands around the Skrunda RLS and in
control areas. The dynamics of tree growth changes were analysed using retrospective tree ring data. There is a
statistically significant (P < 0.01) negative correlation between the relative additional increment in tree growth and
the intensity of the electric field. The radial growth of pine irees has diminished in all plots that received
clectromagnetic radiation. This decrease in growth began after 1970, which coincided with the start of operation of
the Skrunda RLS, and was subsequently observed throughout the period of study. The effects of many other
tnvironmental and anthropogenic factors were evaluated, but no significant effects on tree growth were observed.

Keywords: Radio-frequency electromagnetic raciation; Radars; Tree rings; Dendroecology

L. Introduction

The question of whether weak radio-frequency
(RF) electromagnetic fields pose risks continues
10 divide researchers into opposing, even antago-
nstic, camps. If any effects of RF radiation on
living organisms exist, then they are hard 1o prove.

us, the most suitable organisms for investiga-

lion must be chosen, and original methods are
Tequired.

—

' Corresponding author

In the present paper, trees were chosen to
assess the effects of Skrunda Radio Location
Station (RLS) electromagnetic radiation. Essen-
tial physiological processes, such as assimilation,
cell division and growth, mineral nutrition and
others, occur in every tree and are affected by the
environment in a hundred square meter sur-
rounding area. Therefore, trees are particularly
sensitive and react to environmental changes.
Tree growth is fixed in increments (tree rings) and
thus the measured increments indicate positive or
negative environmental conditions. A suitable tree
ring chronological method has been developed in

M8-9697 /96 /$15.00 © 1996 Elsevier Science BV. All rights reserved.
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Latvia that allows the determination of the effect
of various environmental factors [1]. Multidisci-
plinary research, based on tree ring analysis, has
been conducted in forest ecosystems around
Skrunda since 1990. Tree ring dynamics are de-
scribed in the present paper for a 30-year period
(1959-1988), and changes are discussed in rela-
tion to electromagnetic radiation as well as geo-
morphologic, hydrological, silvicultural, edaphic,
chemical and radioactive factors.

20 km

2, Subjects and methods

2.1. Skrunda Radio Location Station

The impulse type Skrunda RLS for space con-
trol, located in the Venta River Valley, has oper-
ated continuously since 1971. It is composed of
two sectors, each with receiving-transmitting ap-
paratus that ensure the RLS function in four
independent sectors. The transmission parame-
ters of the Skrunda RLS are: (1) pulse power of

Tukums
L A

Saldus
L

»
Mazeik iai

Fig. 1.A.
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Fig. 1. Sampling plois (@) in Western Latvia (A) and the Skrunda region (B). The location of the Skrunda radar system (%) and its

emission zone are shown.

each of four transmitters — 1.25 MW; (2) pulse
duration — 0.8 ms; (3) duty cycle — 50; (4)
frequency range — 154-162 MHz; (5) polarisa-
tion of transmitting signal — horizontal. The
radar operating parameters and the method of
radiation intensity measurement are given in this
issue (2].

2.2 Sampling locations

In the Skrunda area, 29 permanent sampling
locations were established (Fig. 1) at various dis-
tances from the source. Plots were set up in
dominant Scots pine (Pinus sylvestris L.) stands
with spruce as an understorey. Tree age was
50-90 years. Plot size was at least 400 m’ and

each plot contained a minimum of 20 overstorey
pine stems per plot. Pines were sampled with a
Pressler borer and their diameters and heights
were measured. A wealth of other vanables were
measured, including metal concentrations, ionis-
ing radiation, etc., but since these data are only
briefly mentioned in this paper, the methods used
(all standard methods) are not described here.

2.3. Absolute values of the tree ring widths

The radial annual growth increments wiit,); i
= individual, t = year, [ = plot, were measured
at a precision of +0.01 mm. For each tree, the
geometric mean width w, = (i,A¢_,[) of the con-

trol time period At, = t,..t,, where ¢, the year at
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the beginning of the control period, and ¢,, the
year at the end of the control period, is given by:

w (i, AL =" T Wi D) (1)
=1,

where n, = t, — t, + 1is the number of annual
increments in the control period.

2.4. Relative additional annual increment talues
The mean control increment width w. =
(i,At_,l) was used to calculate the relative additio-
nal annual increment value d@,ti|At. ) for every

tree I and year ¢ during the period of the investi-
gation:

d[i,r,l' Art) - ln[W(""” LAUCUDY

w.(i,A1_])

_ w(i,t,l)
BRI @

The value d() eliminates increment width vari-
ability between individuals that is due to genetic
and relatively constant environmental factors (e.g.
edaphic, hydrological, etc.). The logarithmic
lransformation is used since cambial growth is an
exponential process. During the control period,
d() values have a normal distribution (P < 0.05).
Each individual d() value identifies the deviation
of each increment from the mean or normal value
for the tree. If d() = O, then the increment is
equal to the mean. If d() > 0, then the incre-
ment width is larger than mean. If d() < 0, then
the increment width is less than the mean.

The individual relative additional annual incre-
ment values were used to calculate the mean
rejative additional annual increment, for each
year t of every plot I

T dfictar)
dlit,l|Ar,
(et ar) = == )

where N is the number of sampled trees.
The overall means d.(A¢_l) for each plot /
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during the control period At are given by:

N &)
d (At l) =Y Zd(i,r,lIAtr] =0 (4)

i=11=1

Based on Eq. 4 and the normal distribution of
d(inl|At,) values, the null hypothesis

HO:E(1,1|A1,) —d(aL,)=0 (s)

was tested parametrically. Thus, it was de-
termined if the additional increment for plot !
and year ¢ significantly differs from the mean and
if the difference is positive or negative.

2.5. Cumulative relative additional annual increment

The cumulative relative additional annual in-
crement reflects the changes in increment width
in a retrospective time period At, = ty..t,, where
ty is the beginning, and ¢, the end of the period
of the retrospection. The cumulative relative ad-
ditional annual increment valve D(i,At [| Ar)
is calculated for every individual i:

}’i d(i,t,l'Alc]

=1,

D,(i,A(, ,l| Alc] = n (6)
where n, = t, — £, + 1 is the number of years in
the retrospective period;

The cumulative relative additional annual in-
crement values are used to calculate the respec-

tive plot mean D,(At, Il At,) values as follows:

N
Z Dl(i'All )1 | Al{]
=y =1
D,[A:,,llé:c) - - %)

where N is the number of sample trees in plot /.

2.6. Atmospheric deposition in the Skrunda area
The concentrations of the elements in forest
soils and moss in the Skrunda area have been
studied from 1991 to 1993. At sampling locations,
soil samples by horizon and moss ( Hylocomium
splendens and /or Pleurozium schreberi) were col-
lected for determination of elements to give some
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Fig. 2. The mean relative additional increment d() of pine
trees during 1960-1987 for a control plot located 66 km from
the Skrunda RLS.

idea of the potential sources of deposition that
could affect the forests around the Skrunda radar.
Initially, the two most obvious candidates as ma-
jor polluters were the metal smelting industry at
Liepaja and the oil refinery in Mazeikiai, Lithua-
nia. Total Cu, Zn, Fe, Pb, Ca and Cd concentra-
tions in moss were measured with AAS, but V by
colorimetry. Soils were analysed for Cu, Pb, Sn,
Cr, Zn, Ni, Co, Mn, B, Ti, La, Y, P, V, Sr, Ga, Zr,
and Ba concentrations with emission spectropho-
tometry and for Pb, Zn, Cu, Ni, Cd, and Cr (1 M
HCI extract) with AAS. Analyses were checked
with moss calibration standards used for the Eu-
ropean Atmospheric Deposition Mapping Project
{18].

3. Results

3.1. Mean relative additional annual increment
dynamics

The mean relative additional annual incre-
ments d(,!|At.) values were calculated for every
year ¢t from 1960 to 1987 for each plot [. The
control period was set at Af, = 1959-1970. Trees
in plots located outside of the zone that receives
electromagnetic radiation from the Skrunda RLS
had no significantly different annual increments
compared to the mean, i.e. d(,!|At.) = 0 (Fig. 2),
excepting isolated outliers with irregular depar-
tures from the norm (Fig. 3). Significantly dimin-
ished mean additional annual increments oc-
curred after 1980 in plots close to the Mazeikiai

Lyl L e iy b3l d gyt

@.25 = = -

-9.25 — -
-0.50
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Fig. 3. The mean relative additional increment df) for a
control plot located 10 km behind the Skrunda RLS. The sold
bars depict significant (P < 0.05) deviations from normal
growth.

oil refinery (Fig. 4), which coincides with the start
of emissions of pollutants from the plant. All
plots that receive electromagnetic radiation from
the Skrunda RLS have significant (P < 0.05)
negative d(1,/|At.) values, compared to 0, which
begin only after 1970 and are observed through-
out the period of study (Fig. 5). The Skrunda
radar began operation in 1971.

3.2. Mean curnulative relative additional annual
increment and the electromagnetic radiation

The mean cumulative relative additional an-
nual increment D, (At I|At.) during the retro-
spective period of electromagnetic radiation A¢,

ISR SN NN AN NN

?.508 L
_ @.25 L
S o.00 L
< -0.25 = = — L
o; -@.50 I L
w -@.75 -
2 Ton Y EERY [
f\. -1.25 o
3 -1.% -
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= -2.90 L
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YEAP

Fig. 4. The mean relative additional increment d() of pine
trees for'a plot located 12 km north of the Mazeikiai ol
refinery. The solid bars depict significant (P < 0.05) devia-
tions from normal growth.
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Fig. 5. The mean relative additional increment d() of pine
trees for a plot in front of the Skrunda RLS at 4 km distance.

The solid bars depict significant deviations from normal
growth.

= 1971-1988 was calculated relative to the con-
trol period before radiation, A¢, = 1959-1970.
The mean D,(At,,I| A1) value of all plots in the
radiation zone is —0.41 + 0.07 compared to
=013 + 0.04 in plots not receiving radiation,
significant at P = 0.001. The values of D,(At, /]
At.) are negatively correlated with the measured
intensity of electrical ficld in decibels (r = —0.55,
P = 0.009). In the irradiated zone, D (At Il At_)
is linearly correlated (r = +0.52, P = 0.016)
with distance from the RLS. The distance correla-
tion is expected since the electrical field intensity
measuremnents are related to distance (r =
~0.93). In the non-irradiated zone there is no
significant correlation between D,(At,,/|At,) and
distance from RLS.

3.3. Mean curnulative relative additional annual
increment and pollutants

It is well known that pollutants depress tree
radial growth [3-7). In the Skrunda area, the only
major sources of pollution are the metal smelting
industry at Liepaja (ca. 50 km from RLS) and the
ol refinery in Mazeikiai (ca. 40 km from RLS).
Heavy metal concentrations in moss and soil were
well related to these pollution sources and could
be used to identify the zones of deposition. The
vVanadium concentrations close to the Mazeikiai
Oil refinery reached 9.5 mg/kg in moss, three
times higher than normal levels {8] Elevated
vanadium levels were found up to about 10-15

02 V. Balodis et al. / The Science of the Total Entironment 180 (1996) 57-64

km from the Lithuania border radially from the
Mazceikiai oil refinery, but levels around Skrunda
were background (Fig. 6). This metal has high
concentrations in oil and hence is a good indica-
tor of oil combustion. Close to Liepaja, the Zn
concentrations in moss were above 150 mg/kg,
but only background levels of 40-50 mg/kg were
found in a large area around Skrunda. No evi-
dence was found of any elevated deposition levels
of metals in the Skrunda area. In the irradiated
zone, therc were no significant correlations
between D,(At,,I} At.) and metal levels.
Despite the supgested lack of effect of the
Mazeikiai oil refinery on the trees around
Skrunda, cumulative growth D, (At,,l| At} during
the time of operation of the factory A/ =
1981~1988 was assessed relative to the control
period At. = 1971-1980 before operation. For
this retrospective period in the RLS radiation
zone, again D (At Il At ) was linearly correlated
with distance from the RLS (r = +0.5], P =
0.02). However, along a transect from Skrunda to
Mazeikiai, there was a negative linear correlation
(r = —0.78, P = 0.02) with distance from the
RLS, i.e. less radial growth ncar Mazeikiai. The
cffect secn is not evident for a retrospective pe-
riod that was set to begin with the operation of
the Mazeikiai refinery and end with the start of
the Skrunda RLS operation (A, = 1971-1980),
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Fig. 6. V concentrations (mg/kg) in feathermoss in SW Latvia.
From Nikodemus and Brumelis [B]
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using a control period Af, = 1959~1970. ln the
radiation zone plots, the same pattern of de-
creased cumulative relative additional annual in-
crement in the years 1971-1980, before the oper-
ation of the Mazeikiai refinery, was seen in
1981-1988, during operation of the Mazeikiai re-
finery.

3.4. Mean cumulative relative additional annual
increment and other enuironmental factors

Besides the mentioned factors (clectromagnetic
radiation, distance to RLS, pollutants) the effect
of other factors on the mean cumulative relative
additional annual increment D,(At, /| At,) during
the retrospective period At, = 1971-1988 was as-
sessed relative to the control period At =
1959~1970. The analysed factors were: height
above sca level, topography, nutrient conditions,
soil moisture and texture, litter and organic layer
depth, soil pH, ground water level, ground water
flow, ionising radiation, and silvicultural parame-
ters. The effect of these factors were assessed by
multiple regression and analysis of variance, but
no significant effects on D,(Az, = 1971-1988,1|At,
= 1959~-1970) values were observed.

4, Discussion

The results demonstrate that the mean relat-
ive additional annual increment J(I,IIAIc =
1959-1970) of pine has decreased in plots that
receive electromagnetic radiation from the
Skrunda RLS. This decrease becomes significant
3-5 years after the beginning of operation of the
RLS and continues to the end of the period of
study. Outside of the RLS radiation zone signifi-
cant differences of d(tIlA¢, = 1959-1970) are
isolated cases, which do not reflect a trend. An
exception is the decreased values of d(t,l|At, =
1959-1970) toward the Mazeikiai oil refinery af-
ter 1980, ie. after the beginning of pollutant
emissions.

The effect of the Mazeikiai rcfinery is clearly
caused by pollutants and does not invoke contro-
versy. However, the loss in additive growth incre-
ment in the RLS radiation zone in the retrospec-
tive studied period begins with the radar installa-

tion and no relations to chemical pollutants or
other factors have been observed.

The values of mean cumulative relative additio-
nal annual increment are significantly negatively
correlated to electrical field intensity during sepa-
rate times of operation:

D,(Ar, = 1971...1988,/|A1, = 1959...1970),
D(At, = 1971..1980,)|A¢, = 1959..1970) and
D(At, = 1981...1988,11A1, = 1971...1980).

The relation between D, () and distance to the
RLS is positive.

Previous work does not provide conclusive evi-
dence of the effect of weak electromagnetic fields
on trees, since some work confirms an effect
[9,10] and some denies its existence (11,12). We
cannot provide a mechanism for the observed
suggested effect at Skrunda, from the many avail-
able hypotheses (13-15] of weak radio-frequency
electromagnetic action. However, our results cer-
tainly lead one to strongly suppose that the
Skrunda RLS radiation has affected pine radial
growth. The confirmation of the effect has becn
further supported by evidence from other organ-
isms [16,17]. Nevertheless, we respect the possibil-
ity that an unknown factor has caused the nega-
tive effect which by chance is associated with the
observed temporal and spatial variations.

The Skrunda RLS area requires further work
on the possible effects, particularly on the mecha-
nisms of action. This area is unique for the study
of radio-frequency electromagnetic radiation. The
radars are located in a valley (and not on the
highest possible site as usual) that is rich in
ecosystems, and agricultural communities are
found throughout the irradiated area. The results
of a 20-year ‘experiment’ are waiting for observa-
tion and analysis. The RLS emits radiation in an
insufficiently investigated frequency (154-162
MHz) in pulse regime, and the intensities of
pulses exceed allowed limits for integrated doses
by S0 times. However, pulse radiation types have
no associated allowed limits.

Other work at Skrunda is in a preliminary
phase, including experimental searches for mech-
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anisms, and it is hoped that this work will provide
an insight on the suggested effects. However, the
most conclusive evidence for an effect (or no
effect) may only be available when the Skrunda
RLS terminates operation in 1998, as regulated
by an international agreement between Russia
and Latvia. Then it will be possible to determine
if tree radial growth recovers. Since the RLS is
expected to operate until 1998, the authors en-
courage all interested to further study the Skrunda
RLS.
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ENVIRONMENTAL ASSESSMENT IN LATVIA:
OVERVIEW OF PAST RESEARCH
AND FUTURE PERSPECTIVES

Valdis Balodis, Karlis Kalviskis, and Kamils Ramans, Dept. of Botany &
Ecology, University of Latvia, Imants Liepa, Depl. of Silviculture, Latvian
University of Agriculture; Guntis Bramelis and 11ze Magone, Institute of Biology.
Olgerts Nikodemus, Dep!t. of Environmental Protection, University of Latvia

Introduction

This article is a brief summary of the results of studies by a
maltidiscliplinary group of scientists working in environmental sciences and
representing six faculties and institutes. A few years ago we realized the need for
environmental assessment throughout Latvia, since the political situation had
limited individual studies of the environment to specific problems in limited
areas.' We first used phytoindicative mapping (iree damage surveying) 10 assess
environmental quality. Subsequently, our superimposing epidemiological,
ecoepizoological and dendrochronological data on the tree damage surveys
persuaded us of the need for fusther work in affected areas.

The causes of environmental degradation in Latvia are determined by abiotic
and biotic multifactor approaches. We mapped atmospheric deposition by using
moss, lichens, pine needles and pine bark as bioindicalors. In specific areas, we
conducted tree ring studies to attain a retrospective analysis of changes after the
initiation or withdrawal of an environmental factor.

Our work focused on the development of new methods for biogeoindication
surveys and "finetuning” of existing methods with the goal of developing an
adequate biogeoindicative environmental assessment system based on ecosystem
effects that would allow the determination of allowed levels of overall
anthropogenic load. This would permit scientists to depart from the standard usec
of allowed levels of individual chemicals—which does not predict the
environmental effects from the combined wide spectrum of pollutants existing
today.
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Bioindicative Assessment of Environmental Quality

Our assessment of environmental quality was conducted using existing
natural systemns, which most precisely shows the iniegrated response to multiple
environmental factors and can be quantified. Species from all taxonomic groups
may be used for bioindication. However, plants arc the simplest for data
collection and are thus used most often. We assessed environmental quality by
using tree damage surveys of forest stands with minimal forest management.

We then tested various response parameters of trees to stress in order to
describe the real situation, in areas both with background levels and intensive
human impact. The parameters we used in Latvia for our surveys were: necrosis
of pine needles, nccrosis of birch leaves, tree apex deformations, plant tumorous
growth and nonadaptive changes in plant growth. We sampled the temtory of
Latvia using a 18 km X 18 km grid during 1988-1900 (Magone et. al., 1992) and
classified the surveyed sites inlo seven phyloindicative classes to describe the
cumulative effect of abiotic factors (fig. 1). Classes 1-2 best describe the existing
background levels of Latvia. Class 3 occurs in agricultural regions. Areas in class
4 have decreased vilality of plants and distinct coniferous tree damage. Sampling
areas described as classes 5-7 suffer from higher intensities of anthropogenic
impact and the sources should be reocgnized as having a significant effect on the
environment. Areas in class 7 should be considered to suffer from negative
factors that may affect human health.

Figure 1. Tree damage survey. Phytoindicative classes. 1-4 background to
low impact; 5-6 moderate impact; 7 high amount of damage.’
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The best environmental quality is in eastern Latvia. The most stressed region
is southwest Latvia which is subjected to degradation from a number of possible
sources, including the Mazeikiai oil refinery in Lithuania, the Liepaja metal
smelter, and numerous amy bases such as the Vainode Russian airforce base and
the Skrunda super-radar. The coastal region of western Latvia is also affected,
but access to that area has been almost impossible due to the restrictions
connected with the numerous military facilities. South central Latvia is less
stressed but affected. In north central Latvia, stressed regions are found around
the Lielvarde and Gulbene airforce bases, as well as in the Madona area.

Once we determined generally which areas of Latvia were affected. we
began further studies to determine if other bioindicative methods would give
similar results. We used methods which could be best applied for the estimation
of impact on human health. For example, epidemiological and ecoepizoological
research in western Latvia revealed that deaths among newbom children
increased from 1.0% in 1967 to 1.8% in 1988 in the coastal region, Considerable
forest damage was also observed in this region. No statistical significant
differences occurred in other regions. This does not imply that human health in
regions other than the coast is not affected, since the variation due to other
factors in epidemiological studies is usually extremely high.

Ecocpizoological methods are more suitable for assessment since variation
from factors other than pollution may be standardized. For example, livestock
live under more controlled conditions (standard diet, less social stress, eic.) than
humans. Figure 2 shows the results of a survey of respiratory illness in cows
during 1969 to 1989 in two regions of westemn Latvia: Saldus (close to the
Mazeikiai oil refinery) compared with a control area at Kuldiga. Breathing
problems in Saldus increased in 1980, which coincides with beginning of
operation of the Mazeikiai oil refinery. No increase was indicated in the control
area. Further work will involve expanding this type of research to other regions.
and determining the mutagenicity of environmental faclors.

Figure 2. Respiratory Illness. R=ratio of affected cows.
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Mapping of Atmospheric Deposition

We mapped the regional deposition of heavy metals in Lalvia using the
moss Sphagnum magellanicum (Nikodemus 1992) and determined the
concentrations of 22 elements by using atomic absorption spectrophotometry and
neutron activation. The highest concentrations were found in the southwest
(similar to the tree damage surveys) and Riga. As part of an intemational survey
involving Norway, Sweden, Denmark, Iceland, Russia, Estonia, Lithuania and
Latvia, heavy metals were mapped using the mosses /{ylocomium splendens and
Plewrozium schreberi (Ruhling et. al, 1992; Brumelis et. al., 1992). These
mosses are most suitable for bioindication, since they accumulate most metals,
minimally translocate metals, and have incremeatal growth allowing an integrated
sample of 3-5 years of deposition. The results indicated that, except for vanadium
and zinc, Latvia has background levels of metals throughout its terrilory similar
to those found in rural central and southemn Scandinavia. The concentrations of
most metals in Latvia do not reach the high levels found in industrial cities of
Northern Europe. including the neighbouring Baltic republics. In comparison, the
oil shale buming region of Narva in Estonia does have deposition similar to the
highest levels in Sweden. However, local point sources are noticeable in Latvia.
For example, figures 3 and 4 show the distribtuion of lead in Latvia and
Northern Europe, respectively. The resolution is improved when a smaller
termitory (Latvia) is considered. Background lead concenfrations in Latvia, similar
to other surveys, are higher in the southwest as well as around the dense traffic
network of Riga (figure 3). The pattern of international distribution indicates that
supenimposed on these local sources is deposition from long range transport from
central Europe (figure 4; reprinted from Ruhling et. al., 1992). Generally, the
concentrations of lead decrease towards the north.

Figure 3 Distribution of Lead Concentrations (mg/kg) in Hylocomium
splendens in Latvia.

|
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Figure 4. Lead concentrations (mg/kg) in moss (Hylocomium splendens and

Pleurozium schreberi) in Northern Europe (reprinted from Ruhling et. al.
1992).
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Extremely high levels of vanadium and zinc occurred locally in Latvia.
Vanadium is a common pollutant of oil and coal combustion. Since large
thermoelectrical plants in Latvia utilize this fuel source, vanadium concentrations
were highest close to large cities. The zinc concentrations close to the Liepaja
metal smelter were similar to those around the largest metal smelting areas in
Scandinavia. Although the stee! industry in Liepaja is relatively smaller,
evidently the control of emissions is minimal.

Geochemical Research

Nationally, geochemical soil surveys have not been conducted, due to the
great variety of soil types found. The natural variation in concentrations is
extremely high. Extcnsive geochemical surveys have been conducted in the
coastal cities of Riga, Jurmala and Ventspils. Here, the soils are, [or the most
part, typic podsols. Thus, the variation in concentrations can be mostly attributed
to anthropogenic effects. The highest concentrations of metals were found in the
central part of Riga, which is surrounded by industrial regions and has the
highest density of traffic (figure 5). The variation in concentrations was much
higher in Jurmala than Riga, since the spread of pollutants in Riga is more
uniformly dispersed. The highest metal concentratioans in soil in Jurmala are
around the Sloka pulp and paper mill and local coal fired boiler houses, Further
geochemical research involves the investigation of the flow of metals through the
soil horizons and a survey of deposition from the biochemical industry at Olaine.

Figure 5. Lead concentrations
(mg/kg) in surface soil
(10 cm depth) in Riga.
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Skrunda Super-Radar

A serious source of environmental degradation in southwestern Latvia is
electromagnetic radiation from the Skrunda super-radar. This Soviet army radar
installation has been in operation since the 1970’s for strategic defence against
nuclear attack. The four stations of the Skrunda radar have emitted
electromagnetic radiation for over 20 years in the radiowave band (wavelength
2m) in impulse regime (25 Hz impulse frequency with a power of 1.3 MW). The
fifth radar station was under construction and scheduled to begin operation in
1993. If permissible levels in eastemn Europe are used as a base for comparison,
the electromagnetic radiation from these sources do not exceed allowed levels.
However, the permissible levels were designed for constant radiation sources, not
for impulse emitters. These levels of electromagnetic radiation have not been
tested to determine long term effects on organisms. Local residents have voiced
concem over a number of endemic illnesses.

We began our investigation of the effects of the radar emissions in 1990,
using tree ring growth as a bioindicator because trees have a huge assimilating
surface and a several hundred square meters of actively dividing exposed cells.
Since a decrease in tree ring width indicates a lower growth rate, we could easily
determine a chronology of past growth. We set up sample sites around the
Skrunda radar and at contro] sites. Within plots, we used tree corers to sample
all overstorey pines and measurc the annual increments, then tested the statistical
significance of temporal trends. We determined the differences in wood
production after the beginning of operation of the radar by using cumulative
increment width and the change in cumulative incremental volume per ha. Figure
6a shows the incremental growth of pine trees at the control sites. No significant
differences in tree growth over lime were indicated. However, in the direct zone
of electromagnetic radiation exposure (figure 6b) the trees have decreased their
incremental growth since the 1970s. Cumulative incremental growth of wood
decreases the closer the samples were (o the radar.

We investigated the reasons for the decrease of growth in the direct path of
radiation by using multi-faclor analysis. Regression analysis tested the
relationship between the change in cumulative increment width as a dependent
vanable against all measured environmental factors (over 50 parameters). We
determined significant negative correlation between the electric field strength and
the increment width, but found no significant relationship between the change in
increment width and other environmental factors (such as metal concentrations,
moisture, forest ecotype, elc.).

Thus, for the first time the effect of electromagnetic radiation on pine radial
growth has been demonstrated, thanks to a combination of the method chosen for
the analysis and unique features of this radar: 1. the radar has been in operation
for a long time: 2. the impulse mode of the radar; 3. the radar is built in an
inhabited region allowing acccss; 4. the radar was hidden in a valley and the
slopes of the hillsides are exposed to direct radiation.
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Figure 6. Change in the annual tree ring width relative to a control time
period. D =In (Wp/W¢); Wp = annual increment width in plots;

Wc = annual increment width in control. Normal growth is thus set at D=0
and negative values indicate a decrease in tree growth.
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Normally such radar installations are built on high ground in order to permit
a wider horizon, but in this case the Soviet army was preoccupied with secrecy.
The construction of 2 new radar site at Skrunda was stopped but the radar
stations which we have studied are scheduled to continue operations. The Russian
army does not plan (o stop operations in the Baltic states, and is not willing to
include this base in the negotiations with Latvia concerning troop removal.

Since the major portion of the military training grounds are presently in the
process of being returned to Latvia, the extent of pollution is not yet known. We
anticipate problems with unexploded bombs, waste dumps, and the leakage of oil
and petrol into the groundwater. However, it would be hasty to talk about
rehabilitation at this point, Funds available to the Environmental Protection
Committee of Latvia, which initiates all environmental regulation, are
understandably limited at this moment. More importantly, until research groups
undertake site inventories, no reasonable program can be drawn up. There is
hope for a Swedish grant for military land recultivation.

In sum, the close connection between past military activities and
environmental impact is as clear in Latvia as elsewhere. Consequently, remedies
to the problem require both further studies on the part of Latvian scientists and
a greater willingness on the part of the Commonwealth of Independent States to
acknowledge the origins of the problems.
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ENDNOTES

1. For example, research by Dzidra Beripa and L. Kalvijza on heavy metal
deposition in precipitation, by Maris K|avigs on metal contaminants in water
basins, by the organization RaZiba on soil contaminants (including the
analysis of radioactivity following Chemobyl), on fresh water systems by P.

Cimdins and Miris Kjavig$, and on marine systems by G. Andrusaitis and
Co.

2. Magone, L., A, Karpos and A. Teivans. 1992, Latvijas vides stavokla
fitoindikacija.
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21 SRTROMAGHETICEA STAROJUNA IEDARBIBA UZ KOEU PIEAUGUHU
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TRz ZAFRCT OF ELECTROMAGNETIC 2ADIATION ON TREE GROWTH

Polintion from electI™Mignetic radiaticn in the raalewave pand
avajengrth » 360 mm Ar Fyq o« fe1nlS Hz) 1s rapidly increasing

worlawide Latvla is a¢ R 2Kceptlon. The western Xurzeme area 1s

sapnitalariy 3ffec24, 10 a5 a2 high density of radar systems.

The SArunda super-radar (vavelength : ¢ mi operates in impulse
mode: {2 MW inpPulse raalation power: 25 Hz impPulse fraquencw 0.8 ms
IMPUis2 duratien) vhith s 1n 9P2ration since the beglnning ¢f the
167C's, 15 of Particuiar concern. The measurement of the rower of
2laciromagnetlc radiation outside ¢f the SKrunda restricted or
"canitary® zone, Lndicates tiaar atlowed levels are not excesded Thus
heating effects on the <2lls Nf iiving organisms are not expected in
the vicinity of Skrunda. Effects on bleta from radlation it the
intensity of the Skrunda radar have not previously been reparted
(Elder et. al. 1989).

Practicallv no work has been conducted an the effest »f
radlowaves on plants, tncludineg trees. woody plants are suitable as
tes: obJlects for modelling the response £o enVIronmen:t2! f2ctors
‘Fritts {978}, The tree respanse 15 captured ia tree rings. «nich
enabl2s a retrospective analusiz. This work describes th2 285ant
of electromagnetic radiation on tree radial groweh.

A total of 36 permanent guadrats were 2staklizhed, o whith 17
were |ocated Ln the direct path of radlation from the Sarundi caddr
Within each auadrat. specles lists were prerared, the furest £)type
¥33 determined and 3!l overstorel plnes <2re jameled Lslng ) nreo
“arer. Anauadl wncrements from the towe cores were measured The 314
*a3tlal slanificance of 'empor:.l rrends for 2ach MLEAT Y 423 tested

Tifferances 10 the wood Prodiuciicn were dioessad 35tes Cne Seniide
Eocperation of the Sa2ar by a2rermining the chanees o nmitlirse
Jcrament Witk 31* 'Ra2 CRANRE N MIMMULIANLYS LRCTS@mant o0 ™y, e b
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A SiIgHlfI=an: P L oOdi Jde = in cummulatlive 1nrr<in-—r. -
widil, 35 well 45 the cummulative 1ncrementa! volume‘ha Were srservern

The reasens fcr decrease in growth in the SKrunda area wa:
investlgated using multifactor llnear regressicen, and cerrelation anc
di1sPersion analusis FRegression ana:usis tested the associatizi
petwes=n Lhe Cchahge in cummulative 1ncrement width, as an independern:
varlable, against all mezsured environmental factors., as derencen:
variables.

4 silgnificanrt (F: 0.008; negative correlation (r = -0.55 was
determined between the electric fleld streneth and the crhanee 1in
cummulative lpcrement width Multifactor reeression analusis ilndicaied
that 29 of the variabllity in the decrease 1n cummulative increment
width was expl:ined bu the electric fleld strength.The change in
cummulative increment width was sienificantly (P= 0.004:
cerreiated (r: 0 48) with the distance of the auadrat from the
electromagnetic source. No significant relationshir was found between
the cnanee L\ cummulative increment widih and otker environmental
facuers

This worll has indicatad 2 negative relaticnship between the
iow level elestremagnetic radiation and pine radial growth., Further
warh 12 nvoived with determining the mechanism of this effect, and
zesessing chanees 1n growth of cther tree species.

SAHASHE SAEKTPORATHATHCTO A3/YYEHHS HA NIPHPOCT COCHH

Y MHPe CTPEMHTRAbHO YBEAHUYUKMBaeTCA YHUCAO HCTOYHHUKORB
ANEeFTPOMATHHTHOIS MAAVYEHHA PANMOBONHOBOTO AMANA30HA (A*500uM
iKY :'}.-5-1933 ru). fidTBHA He COTTABNAST MCKANMYEHHRE., OCOGEHHO
KyraeMe, nie rafoTaeT OPOMHO? KONHYSCTEBO P3OAPHRE YCTAaHOBOK -
DGOCROBAKHYNE HAPEKAHVR BRNIWBA2T APHCTBYPEHH ¢ KOHL,
SMELeLN THA MOLOE CHPYHACK 1K CYNEPPPAAAP ( A:2M: HMNYObCHNI PEXM..
MOUHNCTE MMEVYARCHODC KINYYEHHS - 15 MR LacTeTa MMnyabca - 29
SEOLONXNTANAHACTE HMIFARCA - 008 MCeE | HIMEDERMA MOTHOCTH [ATIR.
VWARKTPUNMET'HETHOIC MAAYUSHNS CERIAOTINRCTAYIE'T, UTO CAHUTENH
SHOMSHUGOM I YRODeHL NRP2ASNEHC I0TVCTHMIND BLAYUSENS HE NPeXl-:,
SHSMICT, UG B OUOHS ASRCTBHE PALATA He CXEZIOTCR XOPOUC M3peTTES
DRRUIE L W IS HOTBIYY CNCKTRPOMANHETHONC 3NV IONIE, ?e+ ILTATOM K2TORID
H: AROTLR GEPCIMER THAMEM ¥ XNGHY O AUMIMOL BOINCKSTRES ILhasor.
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DT CONBPAXSHIA ONPLARAHNIN Tels FAG0OTH - CORHUT: 20 HeHCTEAR
TRV TPOMENHATHONO AZAY ISHHA HA PAAMANBHNI POCT A28PeBb-B.

Ha pajIMyHOM PACCTOSHMH OT PAAAPA SBUIM 3ANOXEHH 36 HUICJEAYeMHX
TEOSHNK NAomaned, \T M3 HUX - 2 30HE AGUCTBHMA Parara. Ha Kaxaod
TECBNIUAACE NONHAA TAKCAOMS HACAXACHMHM. Y BCEX COCeH NEeFBurs ArYta
‘yragoM [Tpecnepi SPAIMCh O6PAJUN APPBECHHEH AJA WUIMEPEHHFE DHPHHH
CaVMHEZ Loged. o PeOYLBTATAM HIMUPSHHH ANA KAXAO0H TPCOHOH 140WalH
SUHICAANACE SYTMETIEHEOCTD UIMEHAHWH TPEHAA TIPAPOCTA., PEAYIMPLBAHHUM

SMUIITHEHNW ACOCNHATSABHEY TPAPOCT 10 33MACY A MYMYNATHMBHEH
TN SMUTESEHRA NPHEOCT MHPHHN MOOAYHNR Kodeld 8 NePHOL JeHCTBHY PALAPa.
FEM OMSKTPOMANHATHNY IYMOB MIMEPANAC: CSGKTHBHNM BC/bTMeTPOM
TTU el JPBRUE XAMIN2CKADT MATPATHEH NS daTMOCPEPH CnPeaeaRNca 0

fEDANTRIUNY TAXEAEA MRTEIAOR B eUT2TEeHYNY COPIRHTAX: CCOCHOBOHM
JES MEZN W MMDAMHMKAKY, HA KAXOAOHW NPOCHOHM NJAOMAILM NPOBULAAIACA AHANN2
TLTEREAMUMACKAK, XAHMATHURCKH Y, DLAPHYECKHMX, TAAPONOrHYRCKIX 1

IHETAPTHRL PAKTOSE TPy

i

2 INHS JPUCTEHA PAZAPA, HAYMHAA T CEPPAHHHN CeMHASCATHY rOaCEH.
“IHCTATHECEIAS CrMECTIOHHoe (207 D35)  CHAXEeHWEe rMpUrPocTa o
SLPAXCHHNR 12 18HHe FeOYNUPOBAHHOIS EYMYNATHBHOD) ZOMOMAHUT2AEHOD:
TPHP2CTI T 2anacy

JAA BHACHEHHS NPHYHH "HHXEHHA TPHPOLTA KHCIOAL2GRPANHCH
AUCTYAKTOPHEH [HMHEMHEH PErPeTHOHHKH, KOPPEeNSIHOHHIWH M HTACIEPCHOHENMY
IHANKALL 8 KA4eCTse PRMPEeCCOPOE HCIINNR2CBANACE BCE HCCNeAYEeMbe PAKTOPH
PeaN, B MAYECTER PerPeCCeHTa - KYMYNATHSHNH AONOJHHTeABHNA NFPHPOCT
JUPHHE COOMYHHX Ko/on B NEPHOR AEHCTBHMSR PAZAP3 ! DS .

KOHCTITAPOB3IHA CYWECTRBOHHAA ( <005 + CTPHAATENALHAAA
XOPPENADHA ( F:-055 | MEXAY MOWHOCTLIO NOTOKA 3APKTPOMATHATHOR?
A3AYHEHMA W BelHUYHMHOW DS. COrAAcHO MECrobaKTOPHOMY JAHHZHHCHY
PErFPE-CAOHHOMY AHANMIY, YOENbHNH BEC BOIARACTIHMA MOWHACTH 0TTK3
APKTPOMANHUTHOIY ALAYHEHAR M) HI BPIMMMHY DT - 0.25. Senu'ivei
a5 symecTBeHHe (a:0.004) JaBUOKT 0T I9r), 42 KAKOM P3ACITOAHMMK T
233373 HAXOAHTCS OPOGHAA TAOMESL ( T=0.48 ;. JABULHMGECTh BEAHUYHMAN DO
77 APYTHX MCCIEAYEMHX PAKTOPCE HE OOHIFYXSHA

5 pe3y/IbTATe HUCABOCEAHHH AOKA3AHO UTPAUATENLHOS BO2IPHITRHE
126400 IeKTPOMANHHTHOND UZAYYEHHA HA PAAHANBHHH IRHPACT T00HL 2
TOCASAYNEAHY HOCARAOBAHNAX HEAROAUMO SFAPATUTHTA K SHACHHSHIL
2UCABHCTIHA MeNTPOMAMHHUTHOD 34PPAIHEHUS HA APYPHe sULN AP-BeCHNX
SloTedMK o MRTAHHIMY JTOM Z03deRCTSHA
JUTerITYE
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DENDROEKOLOGISKU PETIJUMU REZULTATU

PARAMETRISKA VERTESANA

V. BALODIS, G. POSPELOVA
LU Botanikas un ekologijas katedra
I. LIEPA
LLU MeZkopibas katedra

Dendroekologiskos p&tijumos nereti ir nepiecie$ams noskaidrot, kad
p&tamais vides faktors ir bitiskl sacis ietekm&t koksnes pieaugumu un
cik ilga &7 batiska ietekme ir bijusi. $adu jautsjumu risindsanai &rti lietot
biometrijas parametrisk3s metodes, ja vien konsekventi tiek ievéroti
30 metoZu izmantosanas noteikumi un ierobezojumi. Saja darba
piedavajam daZus gadskartu platuma izmainu parametriskas vért&3anas
panémienus. To verifikdcija ir veikta, izmantojot empiriskos datus, kas
iegati p&tot iesp&jamo radiofrékvences elektromagn&tiska starojuma
iedarbibu uz prie2u (Pinus sylvestris L) koksnes pieaugumu Skrundas
Radiolokacijas stacijas (RLS) funkcion&3anas rezultata.

A w (i,t,]) apzimé&sim (-ta gada gadskartas platumu individam
i parauglaukuma . Vidé&jo v&rtibu varianSu w () paraugkopam visai biezi
aprékina ka vidgjo aritmé&tisko. Tomeér teorétiski apsv&rumi liecina, ka
kambialas augdanas processir nevis linears, bet gan eksponencials
[Balodis, 1986]. Parbaudot vairak neka 50000 priezu gadskartu platumu
empirisko sadalijumus konstat&jam, ka tie batiski (a<0.05) atskiras no
normald, bet batiskas at3kiribas no lognormala sadalijjuma netika
konstatétas. Liuz ar to parauglaukuma / gadskartas ¢ vid&jais platums
@ (1.0ir aprékinams ka geometriskais vidgjais:

(1)

kur N - paraugkoku (gadskartu) skaits paraugkopa.

Raditaja @ ()absolito vértibu nosaka visu vides faktoru kop@ja iedarbiba,
taja skaita: 1) ikgadejas laika apstak|u svarstibas; 2) relativi konstantie

9



(edafiskio, geomorfologiskio ult ) vides fakton Ti, gadskartu platurmuo
laika nndas atbilst laika rindam, kuras izdala sistermatisko un gadijuma

sastavdalas [Anderson, 1971]. P&tama faktora izsauktas gadskartu
platumu izmainas ir attiecinamas uz sistematisko, bet laika apstak|u
svarstibas un konstantie vides faktori - uz gadijuma sastavdalam.

P&dajas, veicot dendroekologisko analizi, ir nepiecie$ams eliminét.

Parbaudot visdazadakos iesp&jamos laika apstak|u izsaukto gadskartu
platuma svarstibu elimin&3anas pan&mienus, par piemérotako izradijas
gadskartu platumu laika rindas Izhidzina$ana, izmantojot polinominalo
svérta slfidosa vid&ja metodi ar soli 5 gadi [Anderson, 1971}, kur izejas

vértiba w(i, ¢, ) tiek aizvietota ar:
Inw/(i,t,[) =0200x1nw(i,t —2,1) +0486 xInw(i,t — 1, 1) +1nw(i,z,I) +
+0486 xInw(i,t+1,1)+0200x Inw(i,t +2,1) (2)

In w(i,t,{) novirzes no In w’'(i,t,]) veido normalu sadalijumu un vairuma
gadijumu 11 ... 12 gadu laika apstakju cikls neatspogulojas butiski.

Konstanto vides apstak|u izsauktds gadskartu platumu atskiribas ir
elimingjamas, lietojot vidéja relativa gadskartu platuma papildus

pieauguma vértibas:

w'(i,t,1l)
w.(i,Ar,,1)"

w,(i,Ar ) = frl w'(i,1,0) )

ir gadskartu platumu vidgja vartiba kontroles periodam At =t,..t,
un ¢, ir kontroles perioda sakuir -, bet ¢, - kontroles perioda beigu gads.
Koptroles perioduizvélas atkariba o p&tama faktora iedarbibas laika.
Piem&ram, Skrundas RLS iedarbibas noskaidro$anai 51 perioda beigu
gads bija 1970., jo Skrundas RLS saka funkcionét 1971. gada. Savukart,

d(i,r,l'AI‘)= 3)

Kkur

10



iespéjama Mazeiku Naftas parstrades kombinata kimiska piesamojuma
novértésanai par ¢, izvéléjamies 1979. gadu, jo Mazeiku ropnica saka

darboties 1980. gada.

Kontroles perioda pareiza izvéle ir ciedi saistita ar adekvata vecuma
paraugkoku izvéli. Paraugkokiem retrospekcijas perioda ir jaatbilst 3.
lidz 5. vecuma klasei, kad tie visjutigak reag® uz vides apstakju zmainam
un kad to vid&jas gadskartu platumu vartibas normalos apstaklos batiski
nemainas [Douglass, 1928].

Pie Siem noteikumiem, gadijumos, kad vides apstak|i batiski nav
mainijusies, d() vid&ja vértiba katram gadam ¢ un parauglaukumam /

Ld
Y di,1 AL,
d(t,lAr,) =22
N ®)

batiski neatskiras no 0 (1.att.). S7testésana tiek veikta pamatojoties uz
to, ka kontroles periodam vidé&ja relativa gadskartu papildus pieauguma
vértiba

1P LA i
d.(Ar,)=Y Y d(.tla)=0 (6)

=] r=n

d() vértibu kopai ir normals sadalijjums un nulles hipotéze
Hyd(t,|Ar) =d,(At,.)=0 )

ir parametriski parbaudama. Tatad, ja vidé a relativa gadskartu papildus
pieauguma vériba parauglaukumam /ir bitiski lielaka par 0, attieciga
gada r koksnes radialais pieaugums ir palielinajies, ja mazaka -
samazinajies. Pieméram, Skrundas RLS starojuma zona d () vértiba ir
batiski samazinajusies péc 1971. gada (2.att.), bet MaZeiku Naftas
parstrades kombinata kimiska piesarnojuma zona - péc 1980. gada
(3.att).



Nereti ir nepiecieSams raksturot kopéjo efektu, kas radies pétama faktora
visa iedarbibas laika. Sim nolokam v ar kalpot kumu'ativais relativais
gadskdrtu papildus pieaugums katram individam : retrospekcijas
perioda Af, =1,...1,, kur 1, - retrospekcijas perioda sakuma gads,
t, - retrospekcijas perioda beigu gads:

id(i.:.zlmc)

D, (i,At, l|A1,) = =4
n 4 (8)

r

kur n =t -t + - retrospekcijas perioda ilgums.
Uz visu paraugkopu /ir attiecinams'vidéjais kumulativais relativais

gadskartu papildus pieaugums:

> D, (i, A, l|Ar)
D (As,,l|Ar) ==
n 9

D_',O ir parametriski vért&jams. Ja D',O batiski neatskiras no 0, p&tama
faktora ietekme retrospek-.- as nerioda kopuma nav bijusi nozimiga, ja
D Oir batiski pozitivs, ietekme .. bijusi aug$anai labveéliga, ja negativs -
nelabvéliga. Piemé&ram, Skrundas RLS starojuma zona eso$ajos
parauglaukumos D () ir negativa retrospekcijas periodam, kas atbilst
RLS darbibas laikam, bet parauglaukumos, kas atrodas MaZeiku
rupnicas iedarbibas zona - periodam, kad ir darbojusies &7 ripnica.
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THE ASSESSMENT OF DENDROECOLOGICAL
PARAMETRIC RESULTS

In dendroecological studies, it is often required to determine if an
snvironmenta: factor has significantly affected tree growth and how long
this effect has occurred. For this it is convenient o use parametric
methods, respecting all required conditions. This paper describes a
method for assessment of the incremental growth. The verification of
the method is substantiated by empirical data obtained in the study of
RF EM effects on pine (Pinus sylvestris L) incremental growth neat the
Skrunda RLS.

w(i,t,[)denotes year rincrement width for tree iin plot L. The mean w ()
is often determined as an arithmetic mean. However, theory shows that
cambial growth is exponential [Balodis, 198€] and not linear.
Observations on incremental width of 50000 trees showed that the
distribution significantly differed (x<0.05) from a normal distribution but
not from lognormal. Therefore for plot /and tree ithe mean (], ¢) is
calculated as geometric mean:

N
w(l,n) = NIH w(i,t,1) (1)
i=1 i

where N - number of increments in plot.

Tne absolute value of w() indicates the summed environmental effects,
including: 1. annual fluctuations, 2. constant factors (edaphic, georior-
phologic etc.). The tree increment time senes are consisten: withi classi-
cai time series, which can be divided into systematic and chance com-
ponents. The effect of factors on increment widths are sysiematic, but
meteorological changes are chance effects, which must be removed
from the studied effect.

Testing of vanous methods for removing the chance effects showed
that the best is tree incrementz' growth time series smoothing, using
the polynomial weighted moving average with ctep 5 y-ars
[Anderson,1971], where uxi,t.[) i5 exchanged with:

13



Inw/(i,1,) =0200x 2 w(i,t = 2.[) + 0486 < Inw(i,t = 1) +Inw(i,1,0) +
+0486 xnw(i,t+1.()+0200xInw(i,t +2,1) {2)

In w(i,¢,/)deviations from In w'(,+,!) are normally distributed and in most
cases 11 to 12 year intervals do not significantly differ.

Constant environmental factors are removed using relative additional
width values:

w'(i,t,0)
w.(i,Ar,0)

where  We(nALD) =JI‘I Wit D) %

is the width mean value for a control time Af, =1,...1;, and 1, is
the start of the control time and ¢, the end. For example, to determine
the Skrunda RLS effect, ¢, . = 1970, since the radar began operation in
1971.Also, t, for the effect of the Mazeikiai oil refinery was 1979, since
it started in 1980.

d@it,llAr) = (3)

The choice of the control period is strictly associated with the choice of
adequate aged trees. Trees must be in the 3 to 5 age classes, when
they are most sensitive to environmental changes and their mean
incremental growth does not much change [Douglass,1928].

In this cases, 4d() mean values for a year rand plot /

N
S di,tlAr

dirlae) =+
(5)

do not significantly differ from 0 (fig.1). This test is based on the
assumption that in the control time the mean relative additional increment

14



value

N 1y
(A=Y Yd(rla)=0 (6)

i=l o=

d() distribution is normal and the null hypothesis
Hyd(t,l|At) =d (A1) =0 )

is parametrically testable. Than, if the relative additional increment width
lis significantly larger than 0, the years ¢ radial growth has increased,
and if less than 0 than it has decreased. For example, in the Skrunda
RLS radiation zone, d () significantly decreased after 1971 (Fig.2), but
around the Mazeikiai oil refinery after 1980 (Fig.3).

Often it is necessary to describe the joint effect of many factors in a time
period. Than the cumulative relative additional increment for a tree s

in a retrospective period Ar, = t,...t,, where ¢, - start of retrospective
period and ¢, is the end:

id(z’,r.l]Az, )

D,(i,At,,l|Ar,) ===
n (8)

r

where n =1 -t +1 - length of retrospective period.
For plot /the mean cumulative additional incremeant growth is:

S D, (i, At ,l|At,)
n — i=1 )
D'(A!r'!‘l!c)_ (9)

n

15



is parametricaliy assessed i [ ) does not significantly differ from G,
than the tested factors effect in the retrospective period is not significant;
if D,() ispositive thar the evect has increzzas mowth; if negativa
then it is decreased. For 2xample in the Skru~da SLS zone. [ ()is
negative in the retrospective period during it's operation, and around

the Mazeikiai oil refinery aiso negative.
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DENDROCHRONOLOGICAL ANALYSIS FOR THE ASSESSMENT OF THE
ENVIRONMENTAL QUALITY

Valdis Balodis, Galina Pospelova, Kamils Ramans, Didzis Tjarve

Department of Botany and icology, University of Latvia, Kronvalda bulvart 4, LV
842 Riga, LATVIA

A method of parametric assessment of tree ring width changes is presented. The

annual fluctuations in tree ring width are elimmated by polynomial simoothing of the
mcremental growth time serics. Counstant environmental factors are removed using
relative-to-a-control-period additional width values. If the relative additional increment
width s significantly larger than zero, the annual radial growth has increased, and if
less than zero, then it has deereased. The joint effect of many factors over a tune
period 1s parametrically assessed by calculating the values of the cumulative additional
increment. The effects of various environmental factors on Scotch pine incremental
rrowth in various regions of Latvia have been analysed. The inethod has been shown
lo be useful for dendroecological data mapping on a national scale in Latvia.

Key words: dendroecology, parametrical methods, tree rings, environmental quality

[ntroduction

The need for environmental qualily assessment today is axiomatic. Environmental
qualty assessment usually describes the state at the sampling moment, and changes are
evident only when continuous sampling occurs. However, the dynamics of
chvironmental quality can be assessed by the use of structures that record
environmental effects, for example tree rings. When environmental conditions are

Lood, tree rings are wider, and vice versa. Trees sensitively react to integrated changes
of causal factors, and hence, retrospective analysis is possible.

This paper presents some methods of parametric assessment of (ree ring width
Fhallgcs, which allow to determine the time when environmental factors have begun to
luence incremental growth and the type of the effect. The methods have been
verified using empirical data obtained in local studies of the effects of environmental
lactoss on Pine (Pinus sylvestris 1..) incremental growth in various regions of Latvia.

e preliminary results of dendroecological data mapping on a national scale in Latvia
are presented.



2. Matertals and methods

2 Sampling locations

Pine tree cores were obtamed with a Pressler borer in more than 100 plots in Latvia.
Plots were set up in dominant Scots pine (Pinus sylvestris 1..) stands with a spruce
understorey. Tree age was 60-100 years. Plot stze was chosen to include a minimum of
20 overstorey pine stems per plot, and all of the trees were cored.

22 Clacwlation of the absolute values of the tree ring widths

The radial annual growth increments wi.¢,[); i = individual tree, { = year, and / = plot,
were measured at a precision of £ 0.01 mm. The mean w() is often determined as an
anthimetic mean. However, theory shows that cambial growth is exponential (banoauc,
1986} and not linear. Observations on 50000 incremental widths of trees showed that
the distribution significantly differed (p ~0.05) from a normal distribution but not from
a lognormal distribution. Therefore, for plot / and tree /, the mean w(/,1) was
calculated as geometric mean:

N
il 0y = {ﬁ_l wii, i1y, (h)
i=1

where N = number of annual increments in a plot.

The absolute value of w(/,7) indicates the summed environmental effects, including
la) annual fluctuations, (b) constant factors (edaphic, geomorphologic, etc.), and (c)
changing anthropogenic factors. The tree increment time series are consistent with
tlassical time series, which can be divided into systematic and chance components.
The effect of factors on increment widths is systematic, but meteorological fluctuations
ire chance effects which must be removed from the effect studied.

The testing of vartous methods for removing the chance effects showed that the best
method was tree incremental growth time series smoothing using the polynomial
Weighted moving average with a step of 5 years (Anderson,1971), where w(i.(,1) is
tehanged with:

ot l) 3MWw(i =20 + 12 ww(i-1.0) + 17 mw(i ) + 12 Inw(i+11) -
SSwii+2,0)) 135 . (2)

(i r,1) deviations from In w '(i.1,{) are normally distnibuted.



2.3 Calculation of the relative additional annual increment values
Constant environmentai factors arc removed using relative additional width values:

di gl

AMY=In(w' (i 0,0/ w,(i,M, 1), (3)

2
where  w.(7,At.,[) =n, l_[ w' (it 1) (4)
l':l'[
is (he width mean value for a control time Af_ = 1.7, ({, 1s the initial control time
and 1, 1s the end of the control period).

The choice of the control period is strictly associated with the adequate choice of age
of trees. Trees are sampled at the age of 60 to 100 years, when they are most sensitive
[0 environmental changes and thew mean incremental growth does not much change.

Given a stable mean incremental growth, the mean relative additional annual increment
values for a year 1 and plot /,

N
ANy = (D di,1,1

i=|

AN NN, (3)

do not significantly differ from 0. This test is based on the assumption that, in the

control tume, the distribution of d() in the equation for the mean relative additional
Micrement value

N iy

Aty =S di ]

i=lt=1

Ar)=0 (6),

s normal and the null hypothesis
Hed( oy =d (A, 1) =0 (7)

'S parametrically testable. Thus, if the mean relative additional increment width is

significantly larger than zero, then the year  radial growth has increased, and if less
han zero, it has decreased.

3 . N R L ,
- Cumulative refative additiona | annual increment

e cumulative relative additional annual increment reflects the changes in increinent
width over a retrospective time period Af, = 14...1,, where {5 is the beginning and 1,



is Ihe end of the period. The cumulative relative additional annual increment value
DL |AL) 1s caleulated for every individual tree /:

!y
DAL ALY = (D d(iy ]

Al )Y ny,, (8)

where i 1, - 13+ 1 is the number of years in the retrospective period.

For plot /, the mean cumulative additional increment is:

DA ALY = () DL AL

i=l

At )/ n. (9)

1.(.) is parametrically assessed. If D, (.) does not significantly differ from 0, then the
lesied effect of factors in the retrospective period is not significant; if D,(.)is positive,
then the effect has increased growth, if negative it has decreased.

J. Results

Presently, the results from 16 forest stand plots have been statistically analysed. For
cach plot, the time of occurrence of statistically significant changes in incremental
trowth has been determined. Changes in trends of growth are determined by varying
the control period times. For example, around the Mazeikiai ofl refinery, the ()
values began to decrease in 1981, afler start of operation of the industry. However, at
he Skrunda radar site, d(.) values began to decrease in 1975, four years after start of
operation. Using mean relative additional annual increment values, the change with
espect to any retrospective period can be assessed.

tor longer periods of lime (a few years), the additional annual increments can be
“Ummed to give the mean cumulative relative additional annual increment values. In
Figure 1 shows the retrospective period /; = 1971 .. 1, = 1980, and the period 7; =
1981 1, =1990. The highest growth reduction in Latvia occurred in front of the
Skrunda radar (plot 11). This area has been studied in detail using this method
‘Balodis et al., 1996). Plot 16 (around Mazeikiai) was also assessed earlier
‘Nikodemus and Braimelis, 1994), and dendroindicative results confinn earlier studies.
Here, from 1971 to 1980, trees grew normally, but from 1981 to 1990, with beginning
ol operation of a refinery, tree growth decreased.

Inother cases, when growth has decreased (plots 6, 7, 8, 9 and 14), the causal factors
st yet be obtained, but some seem obvious. Plots 7 and 9 occur near Riga, which
has many small to medium size industries and 2 large thermoelectric power plants. Plot

V15 near the polluted town of Olaine, a phannaceutical and chemical producing centre,
which has a large thermal electrical power plant (Nikodemus and Briimelis, 1994). Plot



14 is located beside a nilitary missile base, and the decrease in growth may be related
lo the previous activity on this, now deserted base (pollution, radiation, drainage?). We
have no idea of the causal factors that decreased growth in plot 6.

Ofthe 16 plots, statistically significant differences occurred i 7 of them. The causal
ellects in two have been shown previously, four have logical explanations, and only
one 1s not understood and must be checked.
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lig. 1. The cumulative relative annual increment values, D(A,.,/|A1,), for 16 Pine
stands m Latvia. Left bar - retrospection peniod Az, = 1971 ... 1980; Right bar -
retrospection period Ar. = 1981 .. 1990. The bar heights represent the negative
B(Ai,.,llmc.) values. Black tops of bars represent statistically significant differences.
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V. Balodis
valdis Balodis, Didzis Tjarve and Andris Kalnins

Department of Botany and Ecology, University of Latvia, Kronvalda blvd. 4,
1842 Riga, Latvia

DENDROECOLOGICAL ASSESSMENT OF ENVIRONMENTAL
QUALITY OF LATVIA.

Absiract.

Changes in environmental quality were investigated using annual tree ring width time
serics for the previous 42 years:Tree core samples at 1.3 m height were collected
from 20 and more trees in each of 76 plots, in similar dominant Scotch pine forests
(Norway spruce understorey) throughout Latvia. Cored trees were aged 70 - 100
years. For each plot the mean relative additional annual increment values, and the
cumulative relative additional annual increment values for the retrospective periods
1971 to 1980 and 1981 to 1990, were determined in relation to the control period
195910 1969. In almost all cases, significant decreases in expected growth were
observed in areas with known anthropogenic sources of stress. Negative additional
increment values occurred near the Mazeikai Oil Refinery (began operation in 1990),
the Skrunda Radio Location Station (began operation in 1971), around urban areas
(Riga, Olaine etc.) and close to previous Soviet military bases.In a few areas signifi-
canl decrease in growth cannot presently be explained and further work is required in
those areas to determine possible sources (drainage, pests etc.).

In general the tree increment time series have adequately reflected changes in environ-
menlal quality in Latvia. The major benefit of dendroindicative assessment is that
retrospective compariosion can be achieved.
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Radio-frequency electromagnetic fields. The Skrunda
Radio Location Station case

Guntis Brumelis, Valdis Balodis, Zanda Balode
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Abstract

.

The Skrunda Radio Location Station in Latvia, an early warning radar system which operates in the 156 to 162
Mh: frequency range, has been in operation since 1971 and is scheduled to operate until 1998. Currenuly,
fnl-‘rmazion on the biological effects of radio frequency electromagnetic radiation emissions on plants is rare. A brief
mlioduction to six papers in this issue of The Science of the Total Environment, which deal with the effects of the

Sirunda Radio Location Station, is presented.

| ) i
Kevwords: Radio-frequency; Electromagnetic radiation; Radio location station; Radar

S

fhe Skrunda Radio Location Station began
O tration in 1971 and since then, it has contin-
Wlly emitted pulse radio-frequency electromag-
®ic radiation in the 156- to 162-MHz frequency

fange (power of each transmitter — 1.25 MW,
p_ulsc duration 0.8 ms, duty cycle — 50, polariza-
tion of lransmitting signal — horizontal). This

Rdar system is part of an early warning chain of
%lons located along the western edge of the
fozmer Soviet Union. The Skrunda Radio Loca-
::'”llflalionA is now operated by the Russian Army
€ territory of Latvia as established in an
Ricement between these two countries and will
%T\!ngc to operate for another 3 years. This
F0r s unique due to its pulse regime, high
Hh““ broadcasting frequency range, the accessi-
¥ 10 the exposed zone, and the fact that it is
0.
shy

[ 0048-9697(95)04913-L

sitvated in a repion where natural ecosystems and
local residents are exposed. Due to the military
nature of these types of radar, they are usually
located in remote areas, closed to residents in-
cluding scientists. In this issue of Science of the
Total Enuironment, papers report on the effects of
the Skrunda Radio Location Station on tree in-
cremental growth, pine needles at the cellular
level, duckweed, cows and possible effects on
learning development of children. These types of
effects are reported for the first time for a radar
system. Presumably, other radars of this type have
the same potential effects, but they are so situ-
ated that no effects are apparent, for example on
mountain tops.

The effects of radio-frequency electromagnetic
radiation reported elsewhere on plants are rare
and they are mostly experimental studies that

“11/96 /91500 © 1996 Elsevier Science BV. All rights reserved.
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deal with heating effects (Schmutz, 1995). Epi-
demiological studies are more common and ef-
fects have been reported in a broad assessment of
!c'.aclromagnctic fields (Goldsmith, 1995). There is
i need and an inherent desire to summarize all of
the available information on the effects of various
doses and frequencies to provide an assessment
of the potential dangers of radio-frequency elec-
romagnetic radiation. However, the comparison
{ different frequencies, doses and effects at this
ume is not valid, since only minimal information
edsts on effects and almost nothing is known of
mechanisms. In this respect, the comparison of
figh and low doses, which presumably have com-

pleely different mechanisms (for speculative ex-

G. Brivmielis et al. /) The Science of the Total Entironment 180 (19961 4950

ample, heating effects versus minor changes in
ionic oscillations) would be analogous to the
grouping of Cd and Pb toxicity effects.

The Skrunda Case study adds important
knowledge towards an understanding of pulse 156
to 162 MHz radio-frequency electromagnetic ra-
diation effects, but still, very little is known. It is
not even clear what should be measured to relate
to the observed effects (i.e. the integrated dose,
as given in allowed levels, the cumulative dose, or
the maximum pulse dose). The authors of the
following reports on the Skrunda Radio Location
Station encourage all interested scientists to par-
ticipate in future work for the next 3 years of the
Skrunda radar operation.



PROCEEDINGS
() OF THE LATVIAN
e ACADEMY
OF SCIENCES

LERs;

EECTION B : NATURAL SCIENCES

ESZWATNU AKADEMIJAS VESTIS = B DALA: DABASZINATNES

ISSN 0868-6556 THE LATVIAN ACADEMY OF SCIENCES




Effect of pulse radio-frequency radiation on the functioning of the immune system.

Riita Briivere, Olita Heisele, Guna Feldmane”, Arija Volrate*, Natalija Gabruseva, Valdis
Balodis™

Biomedical Research and Study Center, University of Latvia, Riga, Latvia.
“Institute of Virology and Microbiology, Riga, Latvia.
""Faculty of Biology, University of Latvia, Riga, Latvia.

ABSTRACT

The aim of this study was to evaluate the immune systems functional competence in residents
from Skrunda Radio Location Station’s (RLS) radiation zone. The Skrunda RLS has
continually emitted pulse electromagnetic radiation in 156-162 MHz frequency range since
1971. Pulse duration is 0,8 ms, and during each pulse, there are 120 000 oscillations. The
electric field intensities in sveral points of the exposed territories at 2m height during the pulses
are 50 times higher than the allowed level ( Kalnin3 et al., 1996.). The RLS is surrounded by
agricultural communities and situated so that the local residents are exposed.

108 residents from 3 villages subjected to radiation of the RLS and 61 residents from 2
villages not subjected to the radiation (control) who have been living in these territories at least
21 years were examined. To investigate the functioning of B-system the level of
immunoglobulins A, G, M (IgA, 1gG, IgM) was determined in peripheral blood sera by the
single radial immunodiffusion method. To evaluate endogenous interferon (IFN) deficiency as
well as to obtain information about functioning of peripheral blood leukocytes (PBL), the titers
of IFNs in serum were determined, the number of PBL counted and their ability to produce
IFNs was tested in patients whole blood cultures by the standard virus cytopathic inhibition
micromethod after their in vitro induction by Newcastle disease virus (NDV),
phythohemagglutinin (PHA) and double-stranded RNA (dsRNA).

Data analysis showed significantly increased frequency of leukocytosis and of elevated IgA
levels in residents from the exposed villages. The titers of IFN were elevated but the ability of
PBL to produce IFNs were significantly reduced in residents from the exposed villages: PBL of
40-84.2% residents from RLS’s radiation area were unable or had low ability to produce TFNs
(0-100 units/10° PBL). The ability of PBL to produce IFNs in 71.4-87.5% of residents from
non-exposed territories was evaluated as good and correspond with that of 80% healthy
residents of Latvia (101-400 units/10° PBL) tested previously.

It is concluded that functional competence of the immune system is essentially decreased in
the residents exposed to Skrunda RLS. It manifests itself mainly by disturbances in the
interferon system and elevated levels of IgA.

Key words: pulse electromagnetic fields, human studies, immunoglobulins, interferons,
leykocytes, large granular lymphocytes.



Introduction

For more than 25 years, residents of several villages in Kurzeme region of Latvia are
subjected to radio-frequency electromagnetic radiation, generated by Skrunda Radio Location
Station (RLS).

The RLS is a part of the Russian military early warning system located in Latvia. It has been
operation since 1971 . The location of this RLS is rather unusual because it is surrounded by
agricultural communities and situated in a valley, so that the local residents are constantly
exposed to its electromagnetic radiation (EMR). Elswere in the world similar type radars are
situated in locations that do not affect surrounding living nature. Skrunda’s radar is unusual not
only due to its ability to expose the neighboring residents to EMR but also due to working
within an inadequately studied high power broadcasting frequency range and pulse regime.
(Kalnins et al., 1996.). Therefore, the surrounding ecosystems provide a unique area for study.
A great deal of speculation and serious research has occurred concerning possible risks arising
from the continual exposure. Several effects of radio-frequency electromagnetic radiation
emitted by Skrunda RLS has been reported in literature: progressive reduction of pine trees
radial growth (Balodis ea al., 1996.), and promoted senescence of trees (Selga and Selga,
1996.), abnormal progeny of Spirodela polyrhiza (L.) Schleiden (Magone, 1996.), increased
number of erythrocytes with micronuclei in cows (Balode, 1996.), decreased motor and
psychological functions of school children (Kolodynski and Kolodynska, 1996.) have been
reported. However, the health effects on the exposed residents have not been systematicaily
investigated. Because the electromagnetic energy is becoming more and more popular and its
application is growing extensively the effect of EMR on organisms is an important global
problem. During recent years at least two major reviews of the biological effects of low
frequency electric and magnetic fields have been published under the sponsorship of the
Worlds Health Organization (World Health Organization, 1984;1987.).

The aim of this work was to evaluate the immune systems functional competence in residents
from Skrunda RLS radiation zone, because the immune system is one of the most sensitive
system reflecting environmental hazards, especially radiation. The immune system also is

known to be the system that enables an organism’s adaptation to changed environmental
conditions.

MATERIALS AND METHODS.

Selection of study subjects.

The study subjects were randomly selected from residents of three villages exposed to
radiation emitted by Skrunda RLS who have been living in this territory at least 21| years.
Residents from two villages not-exposed were used as control subjects. Individuals who have



been under treatment for acute infections, active autoimmune diseases or malignancy were
excluded.

A rotal of 169 residents were examined during 1995 and 1996 (May-June), consisting of 108
from the exposed and 61 from non-exposed territories. 39 residents were examined twice, in
1995 and in 1996 . The characteristics of residents studied are presented in table 1. The
distribution of individuals according to age (A and %’ tests) within the residents did not differ
significantly (p<0.05). In both the exposed and non-exposed groups, more than 60% of
examined individuals were between ages 21-40. Statistic analysis (¢—method) obtained an
appropriate balance among the sample residents with respect to sex, smoking, occupational
exposure to clastogens and EMR. Domestic exposure to EMR was significantly higher in the
control group (table 2).

The number of peripheral blood (PB) leukocytes (PBL) and formula, the number of T-killers
and large granular lymphocytes (Lgly) as well as the level of immunoglobulins A, G, M (IgA,
igG, IgM) in serum were determined. Serum interferon (IFN) titers (circulating IFN), and the
ability of PB leukocytes to produce IFN were detected in 81 resident from the exposed zone
and 24 residents from the non-exposed territories in 1996.

Methods.

For each individual PB samples were collected from vein into disposables vacuum tubes

containing preservative - free heparin 30 TU ml™ for PB leukocyte studies and without heparin
for 1g-s.

The level of IgA, IgG, IgM in PB sera were determined by single radial immunodiffusion

method using agarose gel (Mancini et al., 1965.). Each individual result was calculated as a
mean of three measurements.

Lgly and white blood cell formula were determined by counting 200 cells in blood smears
stained by Leishman’s stain, PBL - by counting in hemocytometer.

The ability of PBL to produce IFNs was tested in patients whole blood cultures by the
standard virus cytopathic inhibition micromethod on continuous cell line L-41 of human
leukemia cell origin. The culture was maintained in Eagles MEM supplemented with 10%
newborn calf serum and 100 1U/ml penicillin and tylosin. Within 3 hr after the collection the
blood samples were diluted at a ratio 1:10 with RPMI 1640 medium.

Three IFN inducers were used in following doses: Newcastle disease virus (NDV) - 128 HA
units/ml, double-stranded RNA (dsRNA) 100 pg/ml and Bacto-phythemagglutinin M (PHA,
Difco) in concentration 10png/ml. Diluted blood samples were incubated for 24 hr (for NDV an
dsRNS) and for 72 hr for PHA.

For IFN assay twofold serial dilutions of the test samples were added to the confluent
monolayers of L-41 cells in 96-well plates and incubated for 24 hr. in 5% CO; atmosphere at
37°C. The encephalomyocarditis (EMC) virus used as a test virus was added (100 TCDsp /ml)
and the incubation was continued for another 24 hr. The plates were than stained and evaluated
for cytopathic effect. The results were expressed in units/10® PBL by calibration against the
laboratory standard of human leukocyte IFN.

Serum IFN titers were determined in a virus cytopathic inhibition assay. Confluent
monolayers of L-41 culture cells in 96-well plates were overlaid with 2-fold serial dilutions of



each individual serum sample. After 24 hr EMC virus in Eagles medium (containing 2%
newborn calf serum) at a concentration of 100 TCDsy/m! was added. 24 hr later the plates were
stained and the cytopathic effect evaluated. IFN titers were expressed as the reciprocal at the
dilution corresponding to a 50% reduction of virus effect.

RESULTS

The level of immunoglobulins in peripheral blood serum

The levels detected were compared with concentration of Ig-s for healthy population: IgA
1.4-4.0 g/, 1gG 8.0-16.0 g/, 1gM 0.5-2.0 gN.

The data obtained did not reveal any differences of IgG and IgM levels in exposed and non-
exposed resident groups. In addition, they were similar to the above mentioned control levels.

A positive asymmetry of empirical distribution of IgA concentration was distinctive for the
exposed group. Prevalence-of individuals with IgA concentration more than 4.0 g/l was
obvious (Fig. 1)#. The percent occurrence of individuals with elevated IgA level in the exposed
group is exceeded two times that of the control group. Mathematical analysis showed
{ Femp=6.2>3.9=F o5 }more individuals with levels exceeding 3.5 g IgA/I in the exposed group
(21.4%) as compared with the control group (8.9%) ( Fig. 2)#.

The number of PB leukocytes.

A normal distribution of PB leukocyte number were seen both in the control and exposed
group. However, the the distribution of the exposed group seems to be right-shifted (Fig.2A).
There are 28.2% individuals with leukocytosis (>8.10%/1) in the exposed group and 13.1% in
the control.

The distribution of individuals according to the prevalence of LGly in their PB was different
in the control group in comparison with the exposed group. Using a count of 200 white blood
cells in PB smears the exposed group showed that 46,9% of individuals did not have any LGly
while only 30,45% of such individuals were found in the control group. On the other hand, the
control group showed no individuals with 5% or more LGly as compared to 3.05% in the
exposed group (Fig.2B)@.

No other significant differences were seen in other white blood cells comparing the exposed
versus the control group.

The ability of PBL to produce IFNs.

Previous experience regarding the ability of PBL to respond with IFN production to various
interferon (Bruvere et al., 1995.) inducers permits the assumption of results as good with IFN
ranges 100-400 units/10° PBL or lowered between 21-100 units/10° PBL. Responses below 21
or above 400 units/10° PBL are estimated as inability to produce IEN or increased ability,
respectively.

The viral inducer, NDV, is considered to induce mainly o~IFN. In the exposed group, 40%
of individuals had leukocytes @ without or with lowered ability to produce IFN after induction
by NDV. In the control group there were only 6.25% such individuals while most of them
(87.5%) had leukocytes with good ability to produce TFN (Fig.3A).



The ability of PBL to produce IFN when induced by PHA which is considered to be an
inducer of ¥-IFN, mainly in T-lymphocytes, is presented in the Fig. 3B. The data showed that
22.9% of individuals from the exposed group have PBL that are unable to produce IFN. At the
same time, there were no such individuals in the control group. Furthermore, the number of
individuals whose leukocytes showed lowered ability to produce IFN were,
{Femp=4.4>4.0=Fg 05} two times higher in the exposed group when compared with those in the
control group (54.2 and 25.0%) respectively). Good response to PHA was observed only in
29% of individuals in the exposed group while it reached 75% in the control group.

The ability of PBL to produce IFN’s when induced by dsRNS (mainly alfa-IFN, but also beta
and gamma-IFN) is depicted on Fig.3C. Depressed ability of PBL to respond with IFN
production was observed with the same regularity as that by using NDV and PHA, but the
difference between groups was more greater. {Fem;=9.2>7.0=Fg 0}

Serum IFN titres.

The titers of circulating TFN in 75% of the examined residents from villages non-exposed to the
radiation (control) were in ranges of 2-4 units/ml. In comparison, 70% of the residents from the

exposed zone had serum IFN ranges of 8-16 units/ml, while 7.5% inhabitants showed 32
units/mi (Fig.4).

DISCUSSION

In this study we have found the prevalence of individuals with increased levels of IgA (in
12% of individuals), leukocytosis (in 28,2% of individuals) in the exposed resident samples
when compared with the control and markedly decreased ability of lenkocytes to produce IFNs
in the exposed group. The ability of PBL in 71.4-87.5% of individuals from non-exposed group
was found to be good and it correspond to that of most (80%) healthy residents of Latvia tested
previously (Bruvere et al., 1995). We also noticed difference in the number of LGly: PB smears
of 46,9% individuals from the exposed group did not contain LGly.

It has been reported previously that short-term (5 hr) exposition of volunteers to
elektromagnetic fields (EMF) causes slight changes within the normal physiological range in
some blood cell variables (Haufe, 1974.).Hematological changes as well as several other health
effects among workers occupationally exposed to EMF have been also reported by the
researchers in early 70 (Sazanova, 1967; Revkova et al., 1968; Fillipov, 1972; Fole and Dutrus,
1974.). However, comparable health surveys on occupationally exposed workers performed in
many other countries (Malboysson, 1976; Knave et al., 1979; Baroncelli et al., 1985.) have
failed to confirm the health effects reported by Soviet researchers. To our knowledge, there
have been no studies investigating the health effects of such a long-term impulse radio-
frequency EMR similar to that emitted by Skrunda RLS.

IFN’s are cellular proteins that inhibit viral replication, modulate immune responses, inhibit
cellular division and have anti-tumoral activity (Stewart, 1979). Therefore, IFNs are considered
lo play a role as an integral part of the defense system against infections and malignancy



(Kirchner, 1984; 1986.). The detection of deficiencies in the IFN system may led to a more
rational design for therapy.

The ability of PBL to produce IFNs is a test for the detection of endogenous IFN deficiency
and provides information about the functional activity of PB mononuclear cells. A variety of
cells can produce IFNs but PBL are the most important producers. The decreased ability of
PBL to produce IFN indicates that their effectory functions are weakened. Therefore, the
prevalence of leukocytosis in the exposed group could be interpreted as compensatory.

It is known that PHA induces mainly gamma-IFN production in T-lymphocytes, but NDV
is known as an inducer for a-IFN in HLA-DR+ cells, namely in monocytes and NK cells
(Fernandez et al., 1986.). As for dsRNA, it is reported that polynucleotides could induce 3-TFN
and y-IFN in lymphocytes and monocytes and o-IFN in monocytes (Lepe-Funiga et al., 1989.).
The depressed ability of PBL to produce IFNs in individuals of the exposed group could
indicate that the resistance to virus infections in these persons is markedly weakened. Partly
this may be due to the decreased numbers of LGly.

It is considered that normal state of the interferon system characterizes itself by low levels
of IFNs in serum and good ability to respond with IFN production to IFN inducers in vitro. In
our study 71,4 -87,5%of individuals from the non-exposed resident samples corresponded to
these characteristics. Deviations from the normal state have been observed at different
pathologic disorders, such as acute and chronic infections, malignancies, autoimmune diseases,
etc. (Hahn and Levin, 1992; Tolentino et al., 1992.).

The results of the present study, namely the elevated levels of circulating IFNs and the
depressed ability of PBL response in vitro of residents from the exposed territories, indicate
that the impulse radio-frequency EMR emitted by Skrunda RLS has provoked certain
pathologic disorders in the interferon system that is similar to that observed in stress situations,
acute viral infections, allergy etc. (Ershov, 1996.).

Immunoglobulins are thought to represent the sum of all antibodies produced in response to
various antigens. IgM is known to be a powerful first-line defense against bacteremia. IgG is
the most abundant Ig. It neutralizes toxins and combats microorganisms particularly in the
extravascular fluids. We have not seen any statistically significant deviations of 1gG and IgM
levels in both groups examined.

The role of IgA is essentially distinctive. IgA is known to be the major Ig in seromucous
secretions and is closely related to the defense of external body surfaces. It is synthesized
locally by plasma cells, dimerized and linked to secretory component. Essential in the
formation and transport of secretory IgA are mucosal epithelial cells and liver. IgA in PB exists
as a monomer. The body uses it for the neutralization of any antigens which breach the
epithelial barrier. The increase of IgA concentrations in plasma could be due to the weakening
of the epithelial barrier, especially that for hepatic and intestinal systems (Roitt, 1966.). The
present study shows that the number of individuals with elevated levels of circulating IgA was
significantly greater than that in the control group.

Thus, from the obtained results we conclude that the functional competence of the immune
System is essentially decreased in the residents exposed to impulse radio-frequency
electromagnetic radiation emitted by Skrunda RLS. It manifests itself mainly by disturbances in
the interferon system and elevated levels of IgA.
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TABLES

Table 1

CHARACTERISTICS OF RESIDENT SAMPLES OF OBSERVATIONS

- Exposed groups |
1995 46 .| 28.1+1.2 18 13 17 33
1996 81 39.8+1.7 26 21 53 72
Total 108 | 36.2t1.4 35 27 58 8 88
Control groups
1995 57 30.6+0.9 15 12 22 6 53
1996 24 33.241.6 6 5 18 24
Total 61 31.3£1.0 17 13 25 6 57
39 residents were examined twice
Table 2
COMPARISION OF RESIDENT SAMPLES
[ Variables | Fxposure. | Comtrol | e Y
[ Male 32 28 0.362
Smokers 25 21 0.298
Domestic EMR 81 93 .389
Clastogens 48 29 1.859
| Occupational EMR 7 10 0.293

1)

Femp = empirical value of Fisher's test; vi=1; v,=167; Fyg=3.9




Legends to figures

Fig. 1. Distribution of IgA concentration in non exposed () and exposed ( )
resident sample deviation from normal level in the exposed group.

Fig. 2. Relative frequency of individuals with different numbers of PBL (A) and
Lgly (B) within non exposed (exposure) resident samples.

Fig. 3. Relative frequency of individuals with different ability of PBL to produce

IFNs within the non exposed (control) and exposed (exposure) resident
samples:

A - by using viral inducer NDV
B - by using PHA
C - by using dsRNA.
Fig.4. Relative frequency of individuals with different titres of circulating IFNs

within the non-ezposed (coated) and exposed (exposure) resident
samples.
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Impulsveida radiofrekventu starojuma ietekme vz iminsistému

Rita Brivere, Olita Heisele, Guna Feldmane®, ArijaVolrate*, Natalija Gabru3eva,
Valdis Balodis™

Latvijas universitates Biomedicinas pétijumu un studiju centrs, Riga, Latvija.
* Virusologijas un mikrobiologijas institiits, Riga, Latvija.
** Latvijas universitates biologijas fakultate, Riga, Latvija.

Darba meérkis ir novertét imiinsistémas funkcionalo stavokli to Latvijas pagastu
pastavigajiem iedzivotdjiem, kuri vismaz 21 gadus dzivo teritorija, kas ir pak]auta
Skrundas radiolokacijas stacijas (RLS) starojumam. Skrundas RLS staro 156-162 MHz
frekvence kop§ 1971. gada. Starojums ir pulsveida ar 120 000 oscilacijam un pulsa
ilgumu 0.8 ms. Eksponétaja teritorija 2m augstuma elektriska lauka intensitate 50 reizes
parsniedz atjauto ( Kalnin3 n-c, 1996).

Parbauditi 108 iedzivotaji no 3 pagastiem, kas atrodas RLS starojuma zona un 61
iedzivotajs no 2 pagastiem, arpus tas (kontrole). B-sistémas darbiba tika vértéta péc
seruma imiinglobulinu limena, kas tika noteikts ar radialas imandifiizijas metodi. Lai
izveértetu interferona (IFN) sist€émas stavokli un periféro asinu leikocitu (L) funkcionalo
aktivitati, noteicam leikocitu skaitu un formulu, un ar virusu inhibicijas standartveida
mikrometodi ari IFN titru asins seruma un L sp&ju producet IFN-us péc to in vitro
ierosmes ar Nikastles slimibas virusu, fitohemaglutininu un dubultspiralisko RNS.

Eksponéto pagastu iedzivotdjiem konstat€jam bieZak leikocitozi un paaugstinatu IgA
limeni seruma. Eksponéto pagastu iedzivotajiem bija ari paaugstinati IFN titri seruma
bet stipri pazeminata leikocitu IFN producéfanas sp&ja: 40-84,2% %o pagastu
ledzivotajiem leikociti vai nu nespéja producét IFN vai producéja to samazinita apjoma
(0-100 vienibas/10°L). Turpretim, vairumam iedzivotaju (71,4-87,5%) no starojumam
nepak|autiem pagastiem leikociti uzradija tikpat labas IFN produce3anas potences ka
iepriek§ parbauditiem veseliem (Rigas) iedzivotajiem.

legutie dati |auj secinat, ka starojums, ko raida Skrundas RLS ir radijis traucgjumus
starojumarmn paklauto iedzivotaju imunsistéma s darbiba.
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SESSION 3. IMPACT OF POLLUTION ON HEALTH

EFFECT OF RADIO-FREQUENCY RADIATION ONTHLE
IMMUNE SYSTEM

iita Bravere!, Olita Heisele', Arija Volrate®, Guna Feldmane®,
Valdis Balodis®
University of Latvia: 'Biomedical Research and Study Cenure,
‘Faculty of Biology
Institute of Microbiology and Virology, Riga, Latvia.

More than 25 years, residents of several villages in Kurzeme region of Latvia arc sub-
jected to radio-frequency clectromagnetic radiation, generated by Skrunda Radio Location Sta-
tion (RLS). Even though the average intcgrated electric field intensities at 2 m height in the
exposed territories do not cxceed the allowed levels of 10pW/ecm? used in the former Soviet
Union, the radiated pulses are at levels that are 50 times higher. Pulse duration is 0.8 ms, and
during cach pulse, there arc 120 000 oscillations (1). Other radars of similar type elsewhere in
the world arc situated in such a way that they do not affect living nature.

The aim of this investigation was to characterize several functions of the immunc systan
of residents of the exposed temitories.

108 residents from 3 villages subjected to radiation of RLS and 6] residents from village
not subjected to radiation (control group) were examined. To demonstrate the functioning of B-
system the level of immunoglobulins A, G, M (1zA, 1gG, 1gM) was determined in peripheral
blood sera by the single radial immunodiffusion method (2). To detect endogenous interferon
(IFN) deficiency as well as to obtain information about functioning of peripheral blood leuko-
cytes (PBL), the ability of PBL to produce IFNs was tested by a standard cytopathic inhibition
micro-method assay. IFNs were induced in patients whole blood cultures by phythohemaglutinin
(g-TFN), Newcasde disease virus (a-IFN) and double-stranded RNA (a-, b-, g-1FN). Statisii-
cally significant differenccs were evaluated by Student’s, |, ¢ eritenia.

Data analysis showed significantly increased frequency of markedly clevated (>4,0 g/)
lgA levels in residents of villages subjected to radiation by RLS. The ability of PBL to producc
IFNs in persons from villages subjected to radiaton ss significantly reduced when compared
with that in the control group: for 60% of sesideats from RLS's radiation arca PBL werc unable
to produce IFNs or had a very Jow ability 10 produce 1FNs (<60 [U/10* PBL); ability of PBL 10
produce [FNs in residents of control villages corresponds with that of healthy residents of Riga
city {100-400 1U/10* PBL).

Conclusions. In residents of Skrunds Radio Localion Station radiation arca 1) the ability
of PBL 10 produce 1FNs is significantly weakcned. 2) 1gA level in peripheral blood sera are
clevated.
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MONITORING OF BIRD BREEDING NEAR A POWERFUL RADAR STATION. V.Lieps,
Inst. of Biology, Miera 3, LV-2165 Salaspils, latvia; V.Balodis,
Faculty of Biology Univ, of Latvia, Kronvelda 4, LV-1842 Riga, latvia

A Russia 8 army redar statibn /RS/ of type "Dnepr" for discovering
far cosmic targete still 18 operating near Skrunda. Occupation of
nest-boxes and breeding success of birds were registered in 1992 at &
plots, placed in a line mt distances 2-19 km from RS. Only 14% of the
600 nest-boxes were occupied by Pied Flycatcher. Such ertremely low
level of inhabitence differs significantly (p<0,005) from the level,
observed in 1992 at nest-box areas in other parts of Latvia. The total
amount of nesting Tits (Great+Blue) corresponds to that, recorded ip
other regions, Yet, the % of nest-boxes inhabited by Tits tends to co-
relate (r=0,7074; p>0,05) with the distance of a particular plot from
the RS. In none of the species any signs of ccrrelation of mortality
ot embryos or youngs with the distance from RS were found.

Apparently the adult birde choosing their nesting sites had reacted
to the electromagnetic radiation es to a discomfort factor, differerc
species beilng of different sensivity to it.
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EVALUATION OF GENOTOXICITY OF SKRUNDA RADIO
LOCATION STATION RADIATION

Nagle E.”, Balodis V.”, Krumina A.", Strepmane 1.7

" Latvian Academy of Medicine, LV 1007, 16 Dzirciema str., Riga, Latvia
" University of Latvia, LV 1842, 4 Kronvalda blvd., Riga, Latvia

Introduction

All around the world undivided attention has been paid on evaluation of genotoxicity of
different  environmental factors. Among environmental factors radiofrequency
clectromagnetic radiation ( EMR) as a genotoxin is of special interest because in the last
decades increased exposure of the world population to EM fields is observed [1].

Electromagnetic radiation as a possible genotoxin play an important role in Latvia because
of Skrunda Radio Location Station (RLS).

The Skrunda Radio Location Station (RLS) is located in the Kuldigas district - western
part of the country. Skrunda RLS is used for air defense and it is military base of Russian
army. This station was set in action in 1971 and thereafier it has irradiated natural
ccosystems and humans with a pulse radio-frequency EMR in a frequency range 156-162
MHz [2]. Population size irradiated by Station radiation is about 2000 people.

The motivation for our study arose from reports of Latvian University researchers. It has
been shown that this Radar gives some influence on different organisms [3,4]. It was shown
also, that school children living in the front of the RLS had less developed motor and
psychological function in comparison with unexposed children [5]. In addition people who
live in Skrunda Radar exposed area complain about splitting headaches, sleeping disorders,
ncrvousness.  Statistically significant  effects observed are increased levels of
mmunoglobulin A and decreased ability to produce interferons in exposed people [6).

lor the reasons mentioned above it seemed extremely important to evaluate possible
genotoxic effect of this Radar. To evaluate such exposure effect we have selected
metaphase chromosome assay to determine whether radiofrequency EMR of Skrunda RLS
can induce chromosome alterations in humans.

Materials and methods

I. Subjects

FFor this study subjects were Skrunda region residents. Two resident samples have been
chosen. Sample | (exposed) was from direct exposure region. In this study group three
small rural areas were included. Sample 2 (unexposed) was from the same district but not
tXposed to Skrunda RLS radiation. In this study group two rural areas were included.
Volunteers 17-35 years old were invited to Skrunda hospital for questionnaire and blood
sampling. 46 individuals arrived from direct exposure zone and 57 from unexposed area.

2. Questionnaire

Questionnaire includes information about age, sex, possible chemical clastogens,
domestic and occupational exposure to electromagnetic fields. More than 30 parameters



were used to match study samples. Main parameters between study samples were
compared applying ¢-method and differences were evaluated by Fisher’s criterion.

3. Lymphocyte culture

Samples of peripheral blood were collected and used for cell culture. Exposed and
unexposed samples were grown under identical conditions. Whole blood (0.6 ml) was
added to 6ml of MEM or 199 medium supplemented with 20% fetal calf serum and S pg/ml
PHA. Cultures were incubated for 50 h at 37° C in sterile bottles. Colchicin ( 4 pg/ml) was
added for the last 2 h of the culture period. Afier hypotonic treatment (5,5 g/l KCl for 8
min at 37° C) and fixation (methanol: acetic acid = 3: 1, three times for 20 min) flame-dried

shides were prepared. Slides were stained with conventional Giemsa stain and scored for
chromosome aberrations and aneuploid cells.

4. Cytogenetic analysis

The cytogenetic analysis includes assay for metaphase chromosome analysis.
Chromosome aberrations (breaks, dicentrics, acentrics, rings) as well as aneuploid cells
have been used as indicators_for genotoxocity. In metaphase chromosome analysis we

followed instructions according to several publications [7,8,9,10]. Cytogenetic analysis was
performed on coded slides .

Results
I. Characteristics of study samples

Study samples were matched for following parameters: sex, smoking habit, alcohol
usage, chronical diseases, long-term drug intake, offspring with inbom anomalies, exposure
lo chemical clastogens, domestic and occupational exposure to electromagnetic radiation.
No statistically significant (P< 0.05) differences were found between chosen parameters in
sample 1 and sample 2 (Fig. 1-3).The only exception was the parameter “long-term drug
miake”. In this parameter significant differences were found between resident samples. The
frequency of individuals who use the drugs for a long period (several years) in exposed
sample is 32.6+6.9%, but in unexposed sample - 12.3+4.3%.

—
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Figure). The percentage of male, alcohol users, and smokers in resident samples
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Figure 3. The percentage of inhabitants exposed to domestic EMR, chemical clastogens,
and occupational EMR



2. Metaphase chromosome analysis

Our results are obtained from the research of chromosomal abnormalities in human
lymphocytes after long-term in vivo exposure to pulse radiofrequency EMR. Metaphase
chromosomes of 28 individuals (14 from each resident sample) have been studied. The
frequency of abnormal cells in exposed lymphocytes was 2.6+£0.5 %, but in unexposed
(control sample) - 1.4+0.4% . As it is shown in figure 4, the frequency of abnormal cells is
higher in exposed sample. However, difference is not statistically significant. We have
analyzed the frequency of different types of aberrations as well (table 1). Breaks, dicentrics,
acentric fragments were studied. In exposed lymphocytes most common aberrations were
breaks and dicentrics (33.3£11.1% in both cases). In a lesser amount acentric fragments
were found (22.219.8%). Frequency of the rings in this study sample was only 11.1+7.4%.
[n unexposed lymphocytes prevalent amount of the breaks were obtained (41.7+14.2%),
then dicentrics and acentric fragments followed each 25.0£12.5%. Only few cases of the
rings were identified. The frequency of the rings in this study group was only 8.3+8.0%.

Unexposed

Exposed

Figure 4. The percentage of abnormal cells in resident samples

Table 1. The frequency of the different chromosome aberrations in exposed and
unexposed lymphocytes

B Exposed Unexposed
Aberrations | Frequency | Standard | 95% conf Frequency | Standard | 95% conf.
error limuts error limits
| Broaks 0.333 0.111 0.141-0.561 0.417 0.142 | 0.017-0.694
Dicentrics 0.333 0.111 0.141-0.561 0.250 0.125 | 0.057-0.521
‘Acenlric
agments | 529 0.098 | 0.066-0.437 | 0.250 0125 | 0.057-0.521
Rings 0.111 0.074 | 0.012-0.292 0.083 0.080 0-0.296
—

Discussion




An attempt has been made to evaluate the possible genotoxicity of Skrunda RLS
radiation. We have selected metaphase chromosome assay to determine whether radiation
of this Radar can act as genotoxin because chromosome abnormalities in radiation exposed
people are excellent indicators of radiation exposure [11,12,13].

To achieve this aim the first step was to compare chosen study samples. Statistical
analysis showed that study samples do not significantly differ in most parameters and
differences between the samples would not influence genetic effect of the Radar on
humans. The only exception the parameter - " long-term drug intake " showed statistically
significant differences between study samples. It could be explained by so called "Skrunda

syndrome”. People in exposed area feel ill. They have a lot of information, that the
radiation from the Radar is harmful [14].

Metaphase chromosome analysis have been used to assess influence of EMR by several
researchers.  Data are contradictory. In some publications it has been shown that EMR
mcreases incidence of chromosomal aberrations [15,16]. Much experimental evidence
suggests that acute or long-term RF exposures do not result in an increase in chromosomal
aberration frequency [ 17,18]..To our knowledge there is no data about genotoxic effect
alter long-term in vivo exposure to pulse radiofrequency EMF. We did not obtain strong
evidence for a link between exposure to Skrunda RLS emitted radiation and increase of
chromosome alterations. As regards to different types of aberrations the most common type
was breaks. It concurs with the results of the other authors [10].

In further research less time consuming and more sensitive methods should be used for
evaluation Skrunda RLS radiation impact on genetic constitution of exposed people.
Because a strong positive correlation between the incidence of chromosome aberrations

and micronuclei has been found [12] micronuclei test could be used as an alternative in our
research.
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PHYTOINDICATIVE ASSESSMENT OF ENVIRONMENTAL
QUALITY IN LATVIA
V. PROBLEMS AND FUTURE WORK

The desw ibed results of the phytoindicative survey were based on quick ard easily
gathered descriptive features of wees which have been widely used in Burope. Using thds
method, the goals of assessing the environmental guality of Latvia and identifving
suessed regions have been accomplished. Problems in the nse of some of the patam2ters
& indicarors of environmental quality exist, and work conducted by different workers
would be difficult to calibrate. Purther work will focus on modifying the method 1used to
dtempt to increase the correlation between measured factors ared environmental impact.
Earhier critical wark on the methodoloay of phytoindication include Caime (1984,
1986); Krupa, Kickbert (1587); Muir, McQme (1987,1988); and Innes (1989). Some of

the problems in the methods use for the phytoindicative survey of Latvia are 2iven
bejow,

3.L NECRGSIS OF PINE NEFDLES

~ The phytoirdicative survey of Latvia was based on the Ractosis of pine neadles. Two
parameters of necrosis were determined: the irtensity of necroais (Juger, 1980) and the
petcentage of needlies with necrosis.

During the study period, the percantage of needles with necrosis increased, except in
¥eas where 1009 of the needles already were affected. This was apparent during
petiodic chacks of already sampled sites. As a result, the study area of 1990 in eastern
Latviz had maximum values of necrosis (fi_urz 5.1.1)). The entire area of Latvia could
Nt be surveyed in one year due to technical difficulties.

The frequercy disaibation curves-of the percentages of needles with ni€ 1osis are
¢xponential. Thus, the necrosis classes shonld not be classified using a linzar scale. An
txponential scale best shows the dismibution of necrosis b Lotvia (fizure 5.1.2)
However, since sample collection was condeited over a few years, temperal differencas
4¢ superimposed on the spatial pattern. Therefore, this phytoindicative character is not
iitable indicatay of environmental quality. Needle nacrosis are used as indicators of
luwge point sources of emissions (Jager, 19380). In Latvia, which iacks major point
amces of the magnitude of western Burope, high values nsing Jager's 6 poir.. scale were
Teommon. Thus the scale did not 2'low good resolution of environmantal impact.

32 DEFORMATION OF TREE APICES

The extent of deformation of tee apices are displayed in figwre 5.2.1. This
Mameter was used the most to place sites into aroups according to the 7 paint
Mivioindicative ciassification scheme. A puof  cortelation existed herwesn the
¥fofmation of wee apices and the necrosis of neadles.
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£.3. THE GROWTH OF ALGAE ON PINE NEEDI ES

The occurrence of algae on pine needles was not used in the phytoindicative survey.
Orie species of algae was often found on needies, Fleurccocous vulgaris Naeg., which
icimed an epidermal thick layer. P. vulgaris was found in almost all sampling sites in
southeastern Latvia. The usefu’ness of this parameter for bioindication is not known.

t 4. THE EXUDATION OF FESIN FROM NEEDLES

The exu Jation of resin from pine needles was assessed at each sampling site, bt
was not used far bioindication. This feature varied temporally and spatially. The use of
this factor far bioindication i3 unclear, as well as its relationship with climatic factors.

5.5. PERSPECTIVES

The need for environmental assessment Using bioirdication is clear, due to its ability
1o discern the integrated respanse of biota to multiple facvors, as well the ease of data
collection. Fature work in this field will include:

Lt critical assessment of existing methods,

2. the development and assessment of new methods,

3. bioinaication using ecoepidemiological, ecoepizonlogical and microbiolcgical
methods for environmental assessment.
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T’MCTOMETPUYECKASA UHAUKALUMKSA CE3OHHOIO POCTA
IO PEBECHHDbI

B Teuenue nocneannx AecHTHAETHH 3aMETHO MOBLICHJCS NHTEpEC K AeH-
APOXPOHONOrHUECKHM HccaefoBRaHuaM. [IpHuMHa TOMy — BO3MOXCHOCTH
HaJeXHO H OTHOCHTENHHO MPOCTO NO ofpa3uamM ApeBeCHHL! MPOCAeAlTh 32
pOCTOM Ka)Xnoro mayyaemoro aepesa. OCHOBHOH NPHHUNMA METOAA XOPOILO-
U3BECTEH — UWHPHHY NOCNEN0BATEAbHbIX FOMHUYHDLIX KOl JPEBECHHbI fpe-
(IMYUIECTBEHHO 3aBHCHT OT YCJOBHMiIl pocTa jAepesa B rofy #x o6pascBanus.
Tlpy nomouus ananusa H3IMEHCHHst TO rojAaM LIHPHHBL FOAHYHBIX KoOJell
ycriellno peulaeTcst P4 KJHMATOJNOTIMECKIX, IKOJAOTHUECKNX, JIECOBO1ue-
CKHX # APYFHX BONPOCOB.

[UupxHa rOAHUYHOrO KOJblUa KCHAEMBI — [0Ka3aTesab, KOTOPHIil MO3BO-
JIRET OLENMTL POCT JAPEBECHHbl B rojly 06pa3oBaHNs KaXROro OTAEAbHOFO
rosbua. Ouerka 3Ta — WHTErpajipHas, oHa XapaKTepH3yeT POCT jepena
3a Becb AaHHbLIA BereTalliioHHbI Mepuon uenukoM. Hepeaxo, oaHako,
BAKHO TPOCAEIHTb 3a POCTOM TO MOCJeNOBaTe/NbHbIM €ro 3tanam. B ra-
KOM CJlyuae, Kak NPaBiJo, NOJb3YIOTCH METOAAMH, KOTOPLie TpeGyloT pe-
FYASPULIX HAaGAIOLCHHA 32 POCTOM B TEUCHHE KAXKJOFO OTACALUOrC rofa
1, 2]). C apyroi ctoponul, npeanonaraerca [3—6], uto ocoGenHocTH po-
CTa (PUKCHPYIOTCS B TeUCHHe BereTauliontoro mnepnoja B CTPYKTYpe ro-
ONUHLIX KOJICIL JIPeBecHHBI.

HM3yycHie Ce30HHOTO POCTA JIPEBECHHLI MO CTPYKTYDC TOAHUHLIX KOael
BCCbMa NEPCHCKTHRHO, Tak Kak B chyuac pa3padoTK afexkBaTHON MCTO-
AHKI OTnaja 6bl HeoOXOAHMOCTh MUOTOJNCTHHX PerysipHbix Habalomeni
3a pocToM KcnaeMmbl. Kpome TOro, HMCC/eAOBAaHIISE HAa KJAETOUIIOM YPOBHe
11e00X0OANMLI IS pacno3NaBanily MEXaHM3Ma pocTa apeseciubl. Ha nan-
HoM 3Tane pa3paGoTKH METOLHKH H3YUYEHHs CE30HHOTO POCTa KCHJAEGMLS
(10 CTPYKTYpPe FOAHUHBLIX KOJMEU NPeACTABAALTCH HEOOXOMHMbBIM BbLISCHITS.
BO3MOXKHbIE MMYTH BO3HHKHOBEHHS OTJIHUMH MEXAY KJNETKaMH ApeBeciHbl.

Knetku kcuneMbl 06pasyloTcs B pe3yabraTe ReseHHsl KJAETOK Kambii-
aJIbHOH 30Hbl. Y ronoceMeHHBIX H ABYAOJIBHLIX NPEBECHBLIX pacTeruil 3Ta
AaTepasbliast MepHCTeMa npeacTasnseT coboil CNJOWHOE KOAbUO KNeTOK
cHapy:x# oT kcuaemul. OnHOBPEMEHHO € TNPORYLUHPOBaHHEM KJETOK BO-
BpeMsi KaMOBHANLHOI JIERTENbIIOCTH AEPEBA NPOTEKAET H YyBeJMUCHIE pa3-
MepOB KJETOK — pOCT pacTmxenueM. Jlas anikanbHuoit H Hazanbuoli ua-
CTH KJETOK KCHJEGMbI XapaKTEPen HUTPY3HBHLII POCT, OCHOBHAsi € uacTh
MOBEPXHOCTIl KJACTOK pacTeT ciMnnacTuuecku [7]. Takum ob6pasom nposnc-
XOAMT yBenHueHie pa3MEpOB KJCTOK KCHAEMbl B JUIIHY, B TaHFCHTAJbHOM

B PadHaJLHOM HanpapjeHusx. B peaynbTaTe HHTPY3HBHOrO pocTa yse-
NHYMBALTCH MNOBEPXHOCTL KOHTAKTA MEXAY DAaCnoNoAEeHHLIMI ApYr uai
APYrOM KJeTKaMil KCHJIeMbl, T3alTCHTaAblILIt POCT O6ecneuiBaer yBeauuc-
HHE OKPYJKHOCTH FOAHYHOTO KOJblLA, a PAAHaJbHBII POCT — ero wmHpity.
CaenopaTenblo, WMEHHO palHaJbHBI POCT OTpParkaer cneundilky npi-
pOCTa APEBECHHBI B KAXIOM OTAENBHOM rOAY.

Baity cimnaacTnieckoro xXapakTepa pPaiHaJbHOTO POCTA KAETKH Kei-
JeMbl, KOTOPLIE NPON3OWTH OT OLHOIN it TOIl e KxaMOuanbHoil KAETKIl, pac-
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nonoxelubl B padHAJbHOM pAAY, B INOCJAEJI0BATENbHOCTH HX BO3HHKHOBeE-
HHS — ueM paHblle KJIeTKa ApeBecHHbl o6pa3osajach, TeM Jajablie OT
KaM6usa oHa Haxoautc. OcoBerHO 4eTKO TaKue «BPEMEHHBle» PRABL KJe-
TOK TNPOCAEXHBAIOTCA Yy TOJOCEMEHHbIX, Y KOTOPbIX JpPeBeCHHa COCTOHT
NpeuMyulecTBEHHO H3 OHOTO THMA KAeToK — Tpaxewd. Ouu 3aduMaloT
90-96% o6bemMa apeBecuHbl [8]. OTaenbHble TpaxeMAbl B PafHaJbHOM
PSILY KAETOK MOTYT OTAHYATHCH MO CBOEH pDaAKaSbHOM WHDKHE, TIO TOA-
IUMHE KJIeTOYHBIX CTEHOK W MO ApPYrum nokasatenaM. [IpHMeHHMOCTb 3TiX
rUCTOMETPHUECKYX MOKA3aTeNefl ANs aHasn3a Ce30HHOro pocTa ApeBecihbl
MBbl H3yUYanu 15 cOCHB oObixHOBeHHO#H (Pinus sylvestris L.).

O6pa3un ApeBecutnl Opaawn 3a 1970—1979 roam 6ypasom M. Tlpec-
cnepa Ha BbicOoTe 1,3 M OT KOPHEBOIl WIEHKH NSl KaXAOro NepeBa C HOX-
MO, BOCTOMHO#, CEBEPHOIl W 3anajHOh CTOPOHLL. IlonmepeuyHuie cpeswt ro-
AMYHBIX KOJIel| OKpalIHBaJH pacTBOPOM OCHOBHOro ¢ykciHa [9] H mu3y-
Yanu NOA CBETOBHIM MHKPOCKONIOM B OTPaXEHHOM CBETE, NMPUMEHss MeTOA
TeMHOTO nons. MaMepenwHs M TIOACUET KJIETOK NPOBOAHJAH Ha MHKpodOTO-
cHHMKax (yBesnuedue 500-kpaTHO€) no nocnaeayloOWHM yyacTKaM (LLIMpH-
HoM 200 MKM) KaxJAOro rofnyHoro koablla. B xaxnom yuactke ansa 26
KJIETOK H3MEPHAM pAJI THCTOMETPHUECKIX Tnoka3latencli., B  HacToswef
CTaTbe H3/MAraloTcsl Pe3ysabTaTbl H3YueH!s OAHOr0 H3 HHX — PaAlaNbHOH
WHPHHBL KJAeTOK Kculembl {[g). BuoMerpnueckylo o6paboTKy pe3ybTaTos
npoBonuar Ha IBM Tuna GE-400. CooTBercTsiHe AaHHBIX HOPMalbHOMY
pacnpeneseHHio nposepssoch no kputepnio Koamoroposa-CMipHoBa; Jo-
CTOBEDHOCTb OTNHUMS BeJHUUHBI MEXIY OTAENbHBIMH YUACTKAMH Onpejaens-
nacbk no kputepuio CtbiofeHTa (npu ypoBHe 3HaunMmocTit a==0,05).

Cpeanas paavanpHas WIHMPHHA KIETOK Kculembl (Ir) B pagdalbHOM
PSIRY roanuHoro Kosasua pasHa 30,840,7 mxm. Hamn ne o6HapyxeHo Kop-
pesAilHit MEKAY BENMHYHHOM [p M UIHPHIUOCI TOAHUHOTO Kodbua., ChrefoBa-
TeNbHO, KOJIbUA Pa3/IH4HOH IUHPHHBIL BO3HHKAElOT He 3a CYeT OTAHUME TNo
BENHUHIie KJETOK, a B pe3yjbTaTe NPOAYUHDOBAHUS Pa3HOrO KONUUECTBA
KJEeTOK: YeM IUHPe TOAHYHOEe KONbLO, TeM OOJblue KJIeTOK B €ro pagualb-
Hom paay. Hawx nH3aMepeHus CBHAETENbCTBYIOT, YTO 3Ta 32aBICHMOCTL
umeeT aunelinni (r=0,67; sy, =1,19) xapakrep (ptic. 1).

N
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Puc. 1. 3apicuMOCTh KOJMIMECTBA TpaXela OT WHPHHL COANMHOTO KO.bLa
y cocid oOmkHoseruoil. ITo ocn abeunce — junpita rojsMioro KoAbla
(MM), B0 OCH OpPAMHAT — KOAHYECTBO KJAETOK O pafliaALioM psay
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4 O6o6uieHHe HalUMX pe3yJih-

wki | o TAaTOB M3YYEHHA HalpaBJieHHO-

bo © A CTH  HM3MEHEHHS  PaANaJBHOIL
IWHPHKHL! TPaxeRa no nocneaylo-
UMM YURCTKaM TOAMHYHOTO KOJb-
ua npeacrtarieHo Ha puc. 2. Ilo
TPEHAY KPHBOH M 10 abcomoT-
HbIM 3HAYEHHAM BeJIUUHBI [g B
KoJbue A MOXHO BHIAENMTH 2
4YaCTH — PaHHIOI H TO3AHIOK
npesecdny. PaHHusas apeBeciiHa
pacnono)eHa O/HXe K UEHTPY
CTBOJI2 H COMEPXUT WHPOKIie
X (lr>35 MKM) Tpaxeuibi BO BCER
\ IIHpHHe yuacTKa. ns mosaHeil
}e  [IpeBeCHHb!  XapaKTepHO
. yYMeHbWEHHE BEJNHUYHHBL [p B Ha-
10- npassediH K BHEWHEH rpaduiye
FOAMYHOTO KoJabua. Takoe yer-
KOE pa3rpaHH4yeHHe paHHelr «
NO3[HEH RpEeBECHHBI MO IUHPIHHE
i : KJIETOK, ONHAKO, BO3MQIHO He
B0 BCeX 00pa3snax: yacTo Hadaio-

304

20

R T *  paeTcA TNIOCTENneHHoe yMeHblle-
9,5 %O L nue mennumnst lp no Bcei wmpi-
He konvua (Kpusas B, puc.2).
Puc. 2. Xapaktep H3MeHeHHA DpamizibHOMN B upenenax 3THX ABYX THROB
WHPHHBL TPaxeHa MO [OAHYHOMY KoJAbdy Y
COoCHR OoOmkhropennod. [lo ocu abcunce — TPeHA2 BeNMuMHa [r Mennerca
A0 TOAMYHOTO KOALLUA; MO OCH OPAHHAT —- Nno WHpHHE BCEX H3YYEHHBLIX Ha-
pajlianbHan JUHpPUHA KJAETOK (MKM). A — MH TOAHYHBIX KOJIell COCHBbI.
Kobuo 1979 rona, oSpazen B3AT ¢ CcuepHoh [To HemocpeacTBEHULIM 13-
cTopount fepeda; B — wonbuo 1977 roaa. MEDCHIUAM CKODOCTH MDIDOCTA
wxHag croponia. Ctpeakois o6o3nauen nepe- p p pip
XOf OT pauled K no3fuef Apedecune B apesecunnr [10, 11] wusBectHo.
ronsue A

YTO AJIfl HauajbHbIX 3TanoB po-

CTa, KOrjga TNpPOHCXOAHT obpa-
30BaliHe paHHef [ApeBeCHHbI, XapakTepHO ObIcTpoe yBeNHUeHHe [HaMeTpa
cTsosa. Temnbl pocTa 3aMeansitOTCA BO BTOpOﬁ fo0Ji0OBHHE NepHoAa Bereta-
UM, Koraa GopMHpyercs no3aHssA ApeBecwHa. CoOnocTapneHne 5THX LaHHBIX
BJieYeT 32 COOOM BLIBOA, YTO MOXET CYLUEeCTBOBATH NMOJOXHTE/NbHAS KOppe-
JIAUHSA MEXAY CKOPOCTbIO NPHPOCTa JAPEBECHHBI H BEJHUYHHOH [g, UTO OTN-
YHSA [0 TPEHAY IIHPHHDI KJETOK MEXLY FOAHYHBIMK KOJNbUAMH MOTYT CBHfe-
TENbCTBOBATL O PA3IHYUAX 1O PaChpPefieieHHio CKOPOCTel i pocTa B TeueHie
CpaBHHBaeMbIX Ce30HOB pocTa. Ilpu pa3paboTke MeTOAHKH THCTOMETpiYe-
CKOro aHanH3a poCTa ApeBeCcHHb!, ORAHAKO, norpeéye'rcn 6osiee meTanbHOR
H3y4eHHe 3TOH 3aBHCHMOCTH. B UYaCTHOCTH, IONyLLIGHUE WECTKOoIl c¢Ba3y
MeiKAy CKOPOCTbIO POCTa H BEAHUIHHOA [gr 3aTPyAHsAET OObAcHeHHe AuHelinofl
33aBHCHMOCTH MEXAY LLHI})HHOﬁ FOOAMYHOTO KOJAbla H KOJHYECTBOM Tpaxelil
B pafHanbHOM PHAY KJNETOK (pHc. 1), MOCKONBKY YCTaHOBJIEHO, UTO pail-
JINYHas WHPHHA TFOAHUYHBIX KOJelU MOXET o6pa3oBaThcsi B pe3ysabTaTte He

TONbKO Pa3/fiHuHO/ NPOROIKHTEJBHOCTH, HO H pasnHyHoil ckopocti [11]
pocTa ApeBeCHHHI.

Kpome otanuuii mo Tpenay pajiajbHOR IWHPHHBL KJETOK, Pa3jHuHble ro-
JAHYHbBIE KOJIbLA HMEIOT XapaKTepHble AJsl HHX AOCTOBEpHBIE JIOKAMbHblE M-
HHMYMbI HJH MaKCHMYMbl BeNHUHHB [p. Tak, Hanpumep, AR KOAblla, KOTO-
putit o6pasosasca B 1978 roay, no Tpem cTOpOHaM cBeTa NPOCAEKHBABTCH
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NAS [auvHOTO ce3oHa pucy-
HOK KpHBOH ¢ 7 AH0OCTOBep-
HBIMH TOYKaMH rmeperuda
(puc. 3). KpuBasi uersep-
TOW CTOPOHB — 3anafa —
yMeeT Nuiib 2 TOUKHU (e, )
IOCTOBEPHOTO OTKJIOHEHHA
BeJHUYHHB [p oOT obuero
TpeHa.

3T n0Kanbibic OTKAO-
HEHHsl OT TpeHAa 3acay-
7KHBAIOT Haib0onbuIero BHH-
MaHHsid MNP MH3yyeHHU 34-
KOHOMEpHOCTeH pocTa |
06pa3oBanUn  KJIETOK B
Ka:XAOM OTAEJbHOM TrOAV.
HUMeHHO OHM MoOryT MnoOKa-
3aTb, KakoBa Oblja cneuu-
¢hrKa npupocta apeseci-
HBl B JRaHHOM ce30He, a
NPpH CONOCTABJEHHH C KpH-
BLIMII KOJIEOAHHA B Teye-
HYe MRAHHOTO Troja BHetd-

-

HuXx ¢pakTopoB (HanpuMep, L : e

TeMnepaTyphl BO3/yXa) 1 2 3 L >
MOJKHO Yy3HaTb, KaK KaiK- Sam

T T

bl M3 (aKTOPOB BJARAET Puc. 3. Pagnanbhas unipliva Tpaxewa fo KOAbU
Ha CKOpPOCTh JIPHPOCT2 HA 1978 rona. Mo ocu abcuice — paccTostie (MM{
pa3nbix 3Tanax BereTauu- OT BHellHeH TrpaHHUKW TOAWYHOrO KOJbua: MO OCH
OHHOrO nepHoaa. Conocra- OpAMHAT — paAHainbHag IIIPHHA XNETOK  (MKM).
BJIEHHE e OTHENbHBbIX 08- A — ceBepHan, B — BoctoyHas, B — 1oxuan,

pPa3uoB OAHOrGC rofa CBHAE-
TEeNbCTBYET O pa3noobpa-
3HUH OTBETHBLIX peakuHil Ha

I' — 3anmasHas CTOpOHa TOANYHOrG KOJbUA. Q.. .% ~—
JIOKANbHKE SKCTPeMYMB BeldunHm [p. CTpenkamu
coennteHul GaiKafiuliie TOUKH, KOTOPWE AOCTOBEPHO
OTJNYAKOTCH NO BenuuHe lg

BO3JeHCTBHe  TOTO  MIH
nporo xoMmicekca ¢aktopos. MMenuo nocnepnim 06BACHAIOTCS pasninusus
MeKay Kpusok [ 1 OCTanbHLIMI KPUBBIMH (pHc. 3).

[Tpu obcyxpennn ofuiero XapakTepa H3MEHeHHS BEJNHYHHBl /g MO LIH-
pHHE FOAHYHOFO KOJbUA YKa3biBaNoch Ha HeoOxoaHMmocTh 6onee ray6o-
KOro lN3yueHHs Tnpouecca pOCTa NPeBeCHHB 1aA pa3pabOTKH MeTOmAa TH-
CTOMETPHYECKOro aHaJsH3a. HToGbl HAMETHTb KOMIIJIEKC HCCAeROBaHuil, KO-
TOpble B NEpBYI0 ouepelb HEOOXOAHMO NPOBOAHTb B 3TOM HalpaBJeHHH,
PACCMOTPHRM MOJeNb NPOLECcCa POCTa APEBECHHBI.

PeaysnbTaTthl icc/iefoBaHHH H3MEHEHHS WHPHHBI FOAHYHBIX KOJIEU B Te-
yeHHe BereTALHOHHOrO MepHoia B caMoM oflleM BHAE MOXHO dopmani-
30RaTL NPH noMoutw ypashenus (1):

t

L= f vdt, (1
1)
rme L — WHPHHA TOOHYHOTO KOJblla B MOMEHT BpPEMEHH { BereTauioHHoro
nepHOAa;
fy=0 — MOMEHT Hayasna POCTa TOAHYHOTO KONBLA;

v=[({) — CKOpOCTb YBENINIEeHHS LIMPHHBI FOAHYHOTO KOJbIA.
Hcxons u3 (1) npocaenum 3a uaMmeneulem L ¢ MOMEHTa BpemeHH fg
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B HaHboJiee NMpoCTOM ciydyae — OpH MIOCTOAHHOH OTHOCHTEJbHOI CROPOCTH!
pocta (k) anementoB Kcuiembt. [lycts ©y — cKOpoOCTh yBesnuenus panu-

aNbHOH WIHPUHBL KIETOK KaMOHa/NbHOH 30HBI B MOMEHT BpeMeHn fy. B cuhy
3KCNOHeHUMaNbHOro xapaxkrtepa pocta [12] 8 npoU3BOABHOM MOMEHTe
BpeMeHy { CKOPOCTh YBEJIUYEHKHS WHPHHBI TOAHUHOIO KoJabla OyaeT

v=voexp(kt), h<i<<lg, (2)
2 IHPpHHA KOJbUa COOTBETCTBEHHO

1]
L=fuoexp(kt)dl=Loexp(-kl), (3)
t
rae Lo — wnpina kamOHaJbHOH 30HBI B MOMEHT BpeMeHH /.

W3 (2) u (3) cieayet, 4yTo NpH 3afaHHbIX YCAOBHSX BEJIHUIIHA U BO3pa-
CTaeT 32 CYET yBeJIHUEHHS LUHPHHBl yyacTKa Lg rOAHUHOro KOJMbUA — 30HHI
pocta kcinembl. [logobHblH npouecc HETPYAHO, HANpHMep, NPEACTABHTH
U1l Hayana pocTa FORMYHOTO KOJbLAa — Crnepsa B NpoUecce PocTa yyacT-
BYIOT JHIUL KaMOHasabHble KJAETKH, a NOCJE NepBHX X AeNieritl npoucxo-
AHT ¥ YBeJHUYEHHE pPa3MepOB MOJOALIX KJAETOK APEBECHHLL.

Benuyuua Lg, BHAHMO, GoJice HNAK MeHee cTaGWIM3HpYeTCs MOcae onpe-
NleJIeHHOro NpPOMEXYTKa BpPeMeHH fg—Iy, KOrjla BOSHUKIIE paHblle QPYTHX
KJETKH APEBeCHHLI MPEKPaaloT CBOU POCT H BBIXOAHT 13 30HBI POCTA KCH-
Jembl. [lpH 3THX YCJNOBHAX MOXKHO AOMYCTHTb, UTO CKOPOCTb YBESSiueHus
LIHPHHLl TOAHYHOIO KOJbUA KCHAEMBl Ha HeKOTOPHIH NPOMeXYyTOK BpeMeHH
Iy—I(c CTAHOBHUTCA MOCTORAHHGH W paBHa

ve=veexp(kls), (4

a WHPHHA FOMIMIOLQ KOJAbUA B JI060f MOMEHT £ 3TOrO NPOMEXYTKa Bpe-
MeHH ONiCLIBAETCA:

L=Lg[14+k(t—i5)]. (5)

[Npu 3anauiibIx ycJOBHSIX NO 32BUCHMOCTSIM, aHasoruubbinM (3) w (5),

MOAKHO NpOCNAENHTb 3a YBEJIHYEHHEM paccrosHusa Mexay N0601{1 TOUKOI
roAHUHOrO KOJibUa H BHellHeH rpamlueﬁ 30Hbl DPOCTA KCHJIEMBI. HOCKOﬂbe
paivanvHas WHPHHA | KJETKH KCHJAeMbl (QOpPMaNbHO €CTh PACCTORHIC
MEKAY ABYMA TOUKaMH TOAHYHOIO KOJblUa, pacnoJIoKEHHBIMI{ paaiiafibHO
APYr K APYTry, HETPYAHO NPOCACAUTH H 33 BeJHYUHON [ KaXXAO{l OTAeAbHO
kneTkH. TlycTb ly — paauanbHas WHPHHA MATEPHHCKON KNETKH, [j — Mo-
JIOAOH KJIETKH KCHAeMbl, a [, — MONOAOH KNeTKU KamOiust B MOMEHT WiTO-
ToMHH In==0. Cornacxo (3), panuanbHas WHPHHA KAETKH KCHJAEMBI B J10-
60i1 MOMEHT { ee 3KCNOHEeHUHaNbHOTO POCTAa paBHa:

I= (ly—1Ic) exp (kt) = loexp (kl),
Ozthlg‘tgtE, (6)

Ife fg — MOMCIT OKOHUANNS 3KCNOHEHUHAaAbHOro pocTa KJIeTKII.

B nponssoablistii MOMCHT f BO BpeMsl BLIXOAa KJAETKi M3 30HBI pocTa
KcHsiembl mo (5) u (6):
[=Iluexp (klg) [V +k(I—1tg) ] —lexp (k1)
eI g, (7)
rae [r — MOMEHNT OKOHUAHHSA PoCTa KNEeTKU.

[Tpu {=1{r nonyuaem pannanbuyio WHPHUY [p BHIPOCWIE] KNETKI KO-
JIeMBl:

In=luexp(RiL)k(fu—1t) =Lk (lu—!.)
1n=va(th(-—'lc), (8)
rae fy—!I. — NpoMesRYTOK BpemeHn, 32 KOTOpulil KamGitasiptias KJIeTKa Bbl-

BJIH
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pactaet oT BeaHuHibl [, 10 ly. CKOPOCTh Ug XapaKTepH3yeT POCT TOAHY-
HOrO KOJbUA PpacTsizkeHHeM, a NPOMEXYTOK BPEMEHH [y—I; 3aBHCHT OT
npouecca Jenennsn xamMOManbHbix KJeTok. C/enoBaTeNbHO, KOHEYHYIO pa-
JHANLHYIO IIHPHHY KJIETOK KCHJeMbl H TeM CaMblM CTPYKTYypHbie 0CoGeH-
HOCTH FOAAMYHOTO KOJbl@ onpenensnior o6a 3TH npolecca.

Hcxons H3 (8), mpocaeanM, KakiM o6pa3oMm Ha BeJNHUYHHY [p MOXeT
NOBJHATL fpouecc Aenedus kKaetok. [lo ypaBHEeHHIO BHAHO, 4TO KaXAOH
BeJIHUHHE [p COOTBETCTBYeT BMOJHe ONpeResieHHbIH MPOMEXYTOK BpeMeHH
tu—1te, 32 xOoTOPBIT POpMHPYeTCa KaeTKa KCuaeMbl WHPUHON . [loaobHoil
OMHO3HAYHOH 33aBHCHMOCTH HET, OUHAKO MEXAY BEJMUHHOH [p H H3WBAXK-

JMeHILHM NoKa3aTeJeM npouecca feseHnst KJIeToK — NPOACIKHTENLHOCTBIO
(T) MHTOTHUECKOTO LHKJA:

lr=ve[T— (tc—1tn) ], (9
rae l.—f, — TPOMEXYTOK BpemeHH, 32 KOTOPbifi KJerKa kambua «aopa-
cTaeT» OT pajvafbuOil IMHPHHB [ (B Hauajle MHTOTHYECKOro WUHMKIA) [0
wupuHbl L. Tlo (9) chaeryet, uTo TOJNBKO B cJydae NOCTeAOBATE/IbHLIX jl€-
.JIeHWH, NPH KOTOPBIX He MEHMNeTCsl HauanbHasm pafHallbHAf IWHPHHA KJETOK
kambus (lc=1y), BeqnuMHa [p NPAMO NPONOPUNHOHANbHA NPOAOINHTENb-
HOCTH MHTOTHUECKOrO LHKAA.

Wrtak, paccMmoTpennas moaens nokasbisaeT, uTO KOHEUHas pajfHalbhad
WHPHIA KJETOK KCHJIeMbl — pe3ynbTaT ApPOoUectd pocTa TOAHYHOrO KOMbia
pacTsiKeHHeM M Tpouccca jdedlenHst KamOyuaJbHBIX KJIeTOK. 3aKOHOMepHO-
CTH JesleHHS KamOHaNbHBLIX KJIETOK M3yuyeHol MaJsio. [(J9 pa3BHTHA MeTo-
JHKH THCTOMETPHUECKOro aualli3a pocTa APeBeCHHB B MEPBYIO ovepelb
HeoOXOAHMLI CBeJleHHA O CTeneHH aCHMMETPHH UHTOTOMHH npu o6pasoBa-
HHH KAETOK JpeBecHHbl H O TMNPOAOJNHTENLHOCTH MHTOTHYECKOro LHKANA
0O 3TanaM BEreTallHOHHOrO TEPHOAa ¥ B 33aBUCHMOCTH OT BO3AEHCTBIA
BHEIWHHX ycaoBHH. [1o MOJlenH BHAHO, YTO CKOPOCTb POCTA OPEBECHHB! 3a-
BHCHT KaK OT OTHOCHTENbHON CKOPOCTH, TaK H OT NPOAOJIKHTENbHOCTH PoO-
CTa KJeToK. Wayuenue 3aKOHOMEpPHOCTEH H3MEHEHHS 3ITHX XapaKTepH-

CTHK — TaKiKe I1IeOOXOAIIMOe YCJOBIe NS CO3AdaHHS METONHKH BOCCTAaHOB-
JieHis Ipoiecca pocta No BeJHuide [p.
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BPEMiHEAR OPTAHM3ALMA PALMATBHON
CTPYKTYPH [PiBECHHN

3a nocnesHee BDEMA LOCTATOUHO OGCTOATENBHO paspaGoTaH
Guosoruyeckklt, HIM JEHOPOKINMATHUECKMF MEeTON M3YUEeHUs MH3-
meHeHult wimnaTa, OcHobnaa Maeda aTOro Meroja XOpouwo HM3DECT-
Ha: Ha TIONEpPEeuYHOM paspe3e CTEoJa JAPGOro nepepa O0GHapyxu-
BAaeTCA CEPUA KOHLEeHTpuueckux kojel. Haxpgoe KoJIbLO cBuge-
TEALCTBYET O T'OJQMYHOM NPHPOCTE fepeBa, a MNOACUYET BCEeX cJ0-
ep jaer BoapacT jepeea. COBOKYTHOCTH koJiel| JaHHOT'O jepesa
fpejic 1BAAET OYEeBKMIHYD XPOHONOTMUYECKYD LEeHHOC™b, Kaxnoe oT-
AeNnbHOE KOJBLC camo no cefe NpefcTaBAAET LEHHOCTb KJIHMATO-
aorryeckyw. OHO ABNAETCA OTpAXEHWEM MCTOPKMU MEeTeopoNoru-
YECKHX YCHNOBHRA — ONaronpUATHHX WAKH HEGIAlOMPUATHEY, Cymec-
TBOBABUKX B rof ofpa3oBaHua 3Toro koasua. ['op Gnarompuar—
HHR - KOJbLO WHpOKOE, TOJCTOE. [0ff HEGNArONPHATHHA — Y3KaR
kaeMmka, HHOrga ene saMeTHan. [OAMUHOE KOJBLQO CYMMUDYeT Me=
TEOpPOJIOIMYECKHE faHHHEe TOro roja, B KOTODOM OHO ofpa3oBa-
nock. UHO kax OW faeT KIMMATHUYECKYD OLEHRY 3TOMY CORY Eﬂ.
Teu He meHee KOppenAUMA MERLY WMPMHOR TOAMUHHX KOJXEL M
YCPEOHEHHHMK 3a I'0fi WA CE30H POCTa X2DAKTEDUCTHKAMK Moro-
AH YacTO HuCYﬂECTBEHHa[E;Q]. OnHa M3 npwuMH 2TOrO - HENM-
HEHHOCTE CBA3M MCRAY POCTOM M MOFOJHLMK YCJHOBHAMM B pas—
AMGHE Nepuons pocTa. [ODTOMY YDEAMUWIOCH KOAMYECTBO Ke~
crenoBaHuit, B KOTODHX BHABAAETCA 3aBHCHMOCTbL MEXAY WMPHHOH
LOAMUHIX KOACL M NMOrofol B pasixuyHue NepHoas roga[8;12-14;
16). Oghako ® 3ToT nogxom He GeaynpeyeH, TaKk XaK npen~Tab-—
niet cofoft apyryn KpaRHOCTh ~ OUBACHAET KOAECAHUA MUDHHMW
TFORKYUHEX ROZEL NOrOMHEiMM YCNOBHAMM JHWL KOPOTKOIO nepuosa
roje. HenocpencrseiwA KOHTPOAb 3& PAGHANL G POCTIM CTiJ-
Fa upK NOHOMYN AeHOPOMEs) B WA CTONbHEX HIMEPHTENbHLX JIEHT
(5710, 11;18] 1peGyer npogoisMrenstux U peryaApHMX CTALMO-
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Puc.l. Cxema rpemerHON opraHiaaliuy pocy
IpepecHHY NpH KAeHTUUHOR KCHEUHOH
paananbHon WHpKHE BHPOCWHX KIETOK.

[lo ocu alcusce - paccTOAHKE OT BHewHed
rpaHuuy xauGuA; NO Ocu OpAMHAT - BpeMA.
ZZ - puduuany KamOun, +.. DKCNOHEHLU-
aNLHUR DOCT KNeToK; — - - yjafncHue OT
MHALUMAK DLPOCUKX KJIETOK; % - MecTa
00p2a30E4HKHA 11ODHEX TAHPEHTANLHHYZ CTEHOK.
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Ha. Bo-BTOopWx, aHaTOMHYECKOE CTPOEHHE [PEBECHKIM XBORHWX
cBrgerenbcTeyer 06 OTHOCHTENbLHO xecTKOH CBRAIU MEXLy cocen-
HAMK xaeTkamu, PaguansHuft pocT Tpaxeun Y XBORHMX HOCHT CHM=
nnacTuueckud xapaxrep. MuTpyawbHui xe poct Tpaxeun(6), cy-
RA 0 AYATONHUECKOMY CTPOCHKD  NpeBecU!™d XBOAHWX, B OCHOB-=
HOM BJIMAET HA MPOJOJbHHE M TAHPEHTANbLHWE PAa3MEepH TPaXews.
[lepeuucneHHne oco0eHHOCTH (OPMHDOBAHHA NPEBECHHH XBORHEX
AENapT HX HauGoNee MOLXOLAUHMM OOBEKTOM [AA MCCNeN0BaHMA
CBA3H MCXAY PafMaNbHbIMM PA3MEpAMM KJAETOK M POCTOM KCWIEMH.
lloatomy b nanpHeftwem My Oynem oGcyxnaTh TONbKO pasuasibHuA
POCT Tpaxeun XPOAHLX DACTEHHRA.

M'mcromerpuueckan wigukauma[I) xoma pocra npesecuHs npep-
nonaraeT HajlMYHE 3ABMCHMOCTH MEXLY CKOPOCTbLM PANHANLHOIO
POCTA W pAnWAnbHOR WHPUHOR Tpaxeun. OTa 3&BHCHMOCTb. HaGJaD=-
AaeTCA NpPU CpabHEeHHW PE3YNbTATOB MIYUEHUA M3IMEHEHUR CKOpOC—
TW MPUPOCTA CTBOJOB B TOMWMHY B TeyeHuWe Ce30Ha W TpeHua pa-
AMANBLHOR WHPUHE Tpaxewn : TANeHHD CKOPOCTM pocTa B KoHLe
ce30Ha COOTBETCTBYET YMEeHbUIeHME MMPKHH, KNCGTOK NO Hanmpasie-
HUO K DHEWHER TPAHKUE POLWYHOTO xonhun[2;3]. Ha Tpaxeupno-
rpaMMax, Hapaay c oGuefl TeHueHuMeR MIMeHEeHWA WHPHHE KICTOK,
HaOAORAeTCA W JOKafbHWE OTKIOWEeHWA OT obmero Tpewaa. [loka-
3aHO, NTO JTH JOKANLHUE MAHUMYMB WIKM MaKCYMYMH paiualbHOR
WHPHi KAETOK MOTYT OUTb XapAKTEpHW JUIR AAHMOTO I'OAg Yy pa3—
HuX 00pa3yoe oanoro u roro x¢ mepesal(ll, a rawxe cosnagaThb
ANA pA3HWX fepesbeB OQHOMO BALA W MecTa npouapacranus(3].
OTH OTKNOIEHUA CRA3WBANDT C COOTBETCTBYNUMMH HIMElIEHUAMU
CKOPOCTHM pOCTa ApeBecHiil N pe3aylbTaTe NoroAux koleGaHuh
b Teucuue ceaona pocra 3],

llogodinie panHHe CBMNCTEALCTBYDT B NOJb3y BO3MOXHOCTH BOC-
CTAHODJEHHA KMHOTMKM POCTa OpEeBecHil XBOAHHX NO pa3Mepad
tpaxeun. Onnaxo meTon PHCTOMETPHUECKOR MIYIMKALMM CE30HHOIO
Xxoan pocTa TpefyeT ewe mwaTenbHOR paspadoTku. llexoTopue
OCOGCHHOCTU POCTA KCWIEMM, KOTOPWE CBAJANH C BDEMEHHUR Oop-
raivaniwe® ee 30vn pocTa, ofcymanpTca B AalHOR padore.

lipeacTasuK, UTO Npollece POCTA KCUAEMH B TeYeHHe HeKoTO-
poro npoMexyYTKA APUMEHW CTPOro CTAUHMOHADPEH [ YTO NOCTOAHHA
maprin (1) 201 poctu, paguatsian wdpana ((y ) supocumx
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aose pocta., B rarowm  cayuae noetod i eRONOGTH { V(;)_IJDC-

Ta& XCAAeMH, Tan Kax

V.= s L. ) oy

' CKONGCTD (.] ) NPONYIIME KAETOH MEPHATEMO
B‘G: VG“;L" v2)
[locxonbry npoueiyToK BDemeHd T, 3a xCTOPWA KAETK& NDH
DLXOA2 ¥2 20HU POCTA Lpekpamaer ¢Bof pocT, 0GpPaTHO Mponoy-
witoreIeH remmkne o v TPH A2HHL YCIOBHAX DACCTOMHKE MCH-
NY COCEeNHMMM TAHTEHTAMbHHMM CTEHKAMM HHDOCUMX IUIETOK, &
TAYMC KIETOX B 304G DACTAXEHAN, COOTHETCTRYeT Bpededy T,
lip# Tom oTa "ppeMcHHda wkana" MuHeRH: B yyacrtke DUPOCIALX
KAETOK ¥ B MPEANOJNO%EHnY BKCTOHeHmansHoro poera 1] rpaxe-
ML - OJKCTNCHEHUMalbHi B 30HE pacTmweH:. Ecan jonycTTh,uro
OTHOCKTENbHAR ckopocTh ( 4« ) pocTa KJIETOK MOCTGAHHA B J0—
COM yuacTke 30HW POCTa M DABHA BeAMGHHEe + , TO COOTHOme-
HHE panKanbHOR wrpubu ( 5 ) 16} pacTywei KAETKH W Pafdaiib-
noit mypumm ( £: ) cocenncﬁ pacnoaoxeHHoH GRuxe K KaMEHD
KJIETKM B 30HE DACTAXKEHMA [OCTOAHHO:
5-/6’; = exp(kT). (3)

[lpu peccuorpensiy ycnosuax u3 (3) caemyer, uTO CTpOro
CNpENGNeHHHE COOTHOUEHHA MEeXLY PANMANbHLIMIC LKPHHEMU COCef-
HUX KNeTOK LJJKHW CYmecTBOBATb H B kaMOManbHOA aoHe, Tpe-
Gyewune COOTHOWENMA MOIrYT 06pa3oBaThCa TOJALKO B peayabTarc
HepaEHuX genenuii kneTok. TaHreHTaNbHHE CTEHKH KAETOK Mpi
OTOd cxeme pocTa B KamOGWanbHOR 30HE TaKRE MpPEACTABAANT CO-
GOA BpemeHHLe MapKepH, TONbKO 3/eCh iX MacuTal 3aBHCHT OT
TOrO, CKOJNbLKO pa3 [JaHHOW KIETKE NPeiCTOMT LCANTLCA 10 £C Ne—
peExosa B J0HY DACTAKEHMA - AJA KAETOK, KOTOPWE 3AREPUKIN
nocienHee aenedne, 3TOT EpeMenHOW wiTepnan paBed T, MIA
TEX, KOTOPWM NMPEACTCUT eue ofHo menexne - 2T u t.h.(puc..).

B paccmorpenHol monesid mpemeHHON OpraHMIALMM POCTA KCHJAC-
MU TIPELS ANATANACH INEHTHUHLE DEeNUUniH fe ANR BCeX KAcTol,
xOTopuc 00pa3opasvch BO NpeMA cTaljonapHoro pocTta.Cneactrnu—
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Puc.2. NameHerue ycpep,ueunoh PafHANbLHOR WwypPHID

KJEeTOK MO 30He pocTa TpH MOCTORHHOR C7-—
HOCHTEALHOR CKOPOCTH DPACTAEEHHS,

. - paccrommue or BHemHe IpaniLy xax-
Oun; T - BPOMEHHAR WKANA NPOIBHUACH:
KieToK o 3oHe pocra. A M B~ pagiainhue
PAAN KNETOK; ¥ OGOMX PRAOB OLUHAKOLM (0O-
~aaarenx Vg , T, u ”.ﬂ i B PHLY A OPOJOR-
MHTEALHOCTD MHTOTHUECKHX UNHKIOU D KAKIH-
axbHolt aone B 2 pasa Goasuwe,ues b pauy b
e=em - [PaHHUA 30HH POCTA;
‘= = = = rpaHMua KaMGl2Jniiof QCHW;

* * " - BHOBb BOSHHKWKC TOHPCHTRALILD
 CTOHKK KAETOK;

B - woupaxsime kaeTi.
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OCOBEHHOCT! OLEHKM CHHXPOHHOCTH -
_ KPMBHX B LEHIPC3HONOMHYECKIX )
MCCIE[OBARUAX

"C mepeorc ®E QHA POXISHUA RMBOe IEPeBo ABNACTCH oue-
BUOUEM MHOIOUMCNEH! "X ABJEHHH U To¥ cpenw, Ile OHO IMPOM3- -
pacraer. loguuxue konblia - 3TO NAXATS NPUPOLH, B KOTOPOM
XDAHATCH C TOUYHOCTBLI A0 OJHOIO rofa OLEHKK Pa3HooGpA3HX
KAAMATHUECKAX YCJIODHA Npomjloro - ocagxy, TeMrepaTypa BO3Ly-
Xa, DJarHOCTb NOYE, COJHEeYHadA aKT#BHOCThL U Jaxe }’AGJIBH:.H
PafloaKTHBHOCTL 2eMHof aTmocheph" (3:51. :

ZOJIMOXMHOCTH M3BNEUSHWA C BHCOKOH TOUHOCTBLD AaTHPOBKH paa-
POCTOPOPHGR uidepMaliMie 0 COCMTHAX B NMpomaoM 0GYCJAOBUIO B

nocregHue NECATHAETHA 3aMeTHOE yBeXuyeHde o0BemMa LEeHIPOHH-
AukaioHEyx ¥ceaegozanuit, [loaToMy aKTyanbHENMM ABRAXTCA pa-
€CTH, HanpaBleHHWe Ha paclidpeHue o6nacTy NPUMEHEHHA JNer-
TpOHHO—Bb.'lIHCJmTEJIbHDF TEXHUKM B aHATMIE TONMUMMX KOJel ape-
secHiy. B uACTHOCTHM, MLET MOMCK MyTeli aFTOPUTMUIAUMM TCU~
HOJl JATHDPOBKY TMOAMUILLC KOMEL[ — OQHOM0 M3 Hau(onee TPyLocH-
K/X ¥ OTYACTH CYOBEKTURHNX 3BEHbEeB ACHAPOMHIMKAIMOHIMX. Jc-
crepoeanuit, Ha HuHemuew atane pa3pafoTky 3TOr0 Hanpapie-
Hug OBM, Kav MpaBMNO, WUCMOAB3YOTCS ANA OUSHKH CTEMNeHH CHH=
XPOHHQCTH CpaBHMBaeMbX DALOB I'OJKYHEX KoJel,

OnpegenerHult OMHT OUEHKHM CHHXPOHHOCTH KPMBEX HAKOTUJIEH P
AEHIPOXPOHOJOPHUECKMX HCCNENOBAHMAX. 3leChb B KawecTBe KpH-
TepKen GHHXPOHHOCTK Yame BCEero HCnoab3ynT KOSPPULMEHT CHH=—
XPOMHOCY (Kc ) [6] ¥ xoagdunmenr xoppeasunu (2 ) [ra].

B HacTomueii paGore ofcyxnaeTcs BO3MOXHOCTb MDMMEHEHUA
JTHX KDHTEpDHED 0 NEeHApoJKoJOrKvecnHx uccaegopexusax. [logod-
Hafl NepeoneHKa KPHTEeDMeB Heo6XomuMa no TO" MpHUKHE, YTO
BpeeHHwe DALW, KOTOPHE ;i3yyawrcsi B AEeHIPOIKOJOI'HH, CJOX-
Hee AuHIPOXPOHOXOTHUECKHX DARIOB. '



HOAEebHEM UGBEKTCH MACTOMCly NOCARIOLAWT HOSIHyiiLLi
A2peCuil COoChi Ofuxvonennofi { Pinws sylvesixia D.) |, an-oxn-
liMe B pesysbrare PerpCaliCiHiore EMTUNTLLIHNT 3 ..,‘,',ug:'r-:::‘-:.:
ropoge Kpuwaaw (5 cminds) iuii e npy ecreet
HIH JIECOHA0a g (*.‘ ATCHGC AGCinMesTRo iocus

flponzoza (YU crnmacp). Ci
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hopheﬂ{)n‘l HCHERFH. L& TOODelnild C1ihogdl ---J: acflEN CRBGAR BLiDVET

uwono U Halpaesisl ("'""

WARACD IJORUMYIIONC HOILLZ N3MCD
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Auiach Ha Sl Tapa Hiiiedi)
‘ iip’.xro,uhoc":b LoKRasar ~.-'u..;'. :’\’c A 0 CHRLERLIIN CIRAMBHL 2L
LELOB MADHHL DCLWU: OO
PaASIKUiLid CTODOHRAN CS5CTA SAHAX W TEX &2 ChAICE. E:o.nr;:.*::'-
JENO TOUHO KCHTDONUPOERATH CHRXDOHHOCTHL KPMBEK, TEK LAX o=
lYallach BO3MOXHOCTD Aec:::—xxpauﬁaa:.um 3 pe3ydntate BuLalc-
HUA OTLENDbHEI NMOJHUHEN HONGL. 1IDH OUEHES HDUTCPHUCE .u':c w L
CPaRHUDANH WX BEANUNHE LJIA: _Jcm-.':{pa:-z:-lux NPHMESC W 0)laia-
DPEHHO [eCHHXPOHH3O0BaHHEX.

la NpoMepeHHH Caunax 10 BCEM HAMDABAGHWAM M3MEpPIRHS
npocneanaaewgq XAPAKTCPHHI! KOO XCHEOH 3ARMCKMOCTH WipHiil
( = ) rognuHhX KOJKEL OT ITANOB YIHXAHHA = OTHOCHTENBHO Bi-
coKMe 3HaueHwsE z  npy "HopMalbHOM" pOCTe, NAUEHUG WP,
TOAMUHHX KOJEL DK MEpexofie K YCHXaHMO H MUHAMANBEHE 3HAUC-
1A DEJMUMHE Z B MEPUOSEe YCHX2itMA LEpeBben (puc.I). Caum
OTAMHATTCA ODYr OT ADYra N0 CTeneHu BHPAXEHHOCTI! M LPOMOs-
RUTENAbHOCTH NEepewrCAeHHYX JTanoB ycwxahud. llogoGie xe orT-
AWYMA MHOTZAA HACNDRADTCA W MEXAY OTACABHEMI HalPabienfii
Ha OfHMX M TEX Xe ChHiax.

Uro6s MpPOBEPUTHL NMPKIOLHOCTb NOKA3ATENA K. pna ouerxm
CHHX] JHHOCTM CPABHUBAUMEX KPUBHX, Mb NOACUMTAIN €ro HEJdM-
UMHN ANA YTIOMAHYTHX TpeY JTanos ycwxaHus. Pacuerst mpopoan-
JHMCh JULH CHHXPOHNNX XPMBHX, & TAKXC 4JIA KPHBHX, KOTOpHE Obi-
JIH ):LCCHHZPOHHSOMHH yTeM HX caBuI'a Hu OLHH 'O, OTHOCATEJNDL-
HO Mpyr . Apyry. B TaGmaue I npejcTaBieH CpepHe NJiA nay-
YeHHWX J|epe3bes DPe3yNbTATH pAcUeyOB.

c\

OTH NANMCTRUL
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Pwc. I. 3aeucivocts WADHiEl UOHUYHBX KOJEL of JTAnon
YCHXAHWA COCHH 0C0:KHODEIOH.

lo ccu afcuicce - nopAZKOBHA HOMED FORUtHOrD
(0AbLUA OT LEKTpAa cTBOJA; MO OLK OPJIMHAT - W=
pPAHA POSUUHNK KOJICL, B MM,

A - oran “wopuansHoro" pocra jeresar

B - aran nepexoja k ycwxar..o;

E - sran yeuxaiiua.

l1a raxuoro kodblUa e pUCYHKE NpescTanjer:
noMepenva no 8 nanpabiceHunM.



- 139 -

= ' ‘Ta6nuua I

c,
Benwumiy xoadduanmenca cuHcpornoeTH ( 1:,1-'-' )

Ha pasSHHX JTalaxX YChHXAHKA AepehbheZ COCHH

flosoxenue Sremnk YCHXaHUA [eneEnes
KDUiix " HOpiaIE Hulfi" nepexor u poceT nepe
peer . yChXaHH0 YCHXAHHEM
CHUXDOHHOE 0,70+0,02 0,G7+0,03 0,62+0,03
Hecunypouitoe . 0,48+0,02 0,674:0,04 3,09+0,03

Cornacro Qopuyanposxe koahBULUSHTA CUHNDOHRCEDH [8] e
JALHITEY .{/c pocroeentio Gonswe 0,5 B cnyuasc CPoRHEHUS CHHXDON
HEX VDMBHX, & AM7 HECHHYDOHHHWX DANOB Kc'-*« 0,5. o radmupe I
BURHO, WTO TOASXO NPy "HOPMRIbLHOW" ,HE [ISJABNENNOM BHEIW: M
HeCRArONPUATHEDM YCTOBUMA! DOCTE AEpCBbeB, Beauuiia Xc rio~
3BONAET CYANTS C CHHYXPOMHOCTYH KDHMEL DORMUMLIY Kkorey. Lua
aTana [2pexchs ACPeRses K YCLIXAHAD penmzma ¢ AoCTCReRI":
(yposeus cymecreennocru of =0,05) Gonwwe 0,5 xax B cayuae
MMYDOMHNOC, TRK It HECUHXTDOMIMX NDHBLX. ITOT MOXOA ouepdien,
ecit ywects, WTO MU MAMHOLO JTana XApPAKTRpHL HeTKan TeHutii-
Ui NOCASL0BATENbLOM0 YMEHbUeHUA LADKYHH POLAUNNX KOMBL[, Bbim
3E2HHAA BAMAKHMCM HeGRACONDUATIHK BHCMMITK YCAOBKH. JHECDh B~
DameHHuWt TpeHg MpeBat:DyeT Hal CREeUOfIimRi KONEGRIMfMA [TPH=
pocra Aepesbes i 1iG MOJBONRET BOCMONBIOBATHCH MOKAIATEIEH

¢ ‘

. MeHee ouenugHA KECYWECTEEHHOCTbL OTMHMUKA 0GOMX BENMWHH

X o AUl DOcHeqiiero atana ycixanua. lla orox srane HamGosaee
MORADJCHHODD pOCTa HeT ANHO CWPAKEHHOro Tpedua. "Henoanb-
H0e MoBeaeHHe™ KpPUTEepKs L’(c B AaHHOM CJiydae MOXHO olwic-
MMTL AreMA npUwiiiakk. Bo-nepnux, 1HeoOXOOUMO HMATL SBHLY,
o oodPMUMEHT CHIIXPUHIIOETH ~ NOKAJATENb HellapaMeTputcc—
KR M yUUTHDAET RMMb HAMNPARJEHHOCTb MAMEHEHHA WADMIE. TOJiHU-
Hix Koser], HeanBuCHMO oT MX ReauunHn. [IpH Masmx npupocrax
\penecuin Ha 9TOM OTAlle YCHXAHWH Y BOJMMUBACTSH BEPOATHGCTL
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cayJyalilnzZ OTAHUAN M0 HanPaBJeHUulw H3MeHeHWA LIHMPHAHN IofH iy~
HWX KOJCL MEXAY CP2BHHBAEMHMM KPHBHMM. BO-BTOPHX, MOXHO A0-
'YCTHTH,UTO NPH MNOJIABJIEHHOM POCTE HA 3TOM 3Talle CHARAETCHA
YPOBEI's YYBCTBHTENLHOCTH OTBETHOM peakiu¥ Ha Ro3geficTsue
GUIKKTYVPYXmMX BHEMHHX (PaxTopoB cpeau. flojofHoe rpesnoioxe-
Hue Bhcxasan Jyrnace l’?] OTHOCUTENBHO POCTA CTapEeKiuX JEepeBb-
&B. ’

Wenonpzosanue awneiHoro xoofuiuenTa KOppeaAUMK JIIA aHa-
A¥32 PACCMOTPEHHEK “DUBLX HempaBoMepko. Hanectio,urc xood@u=-
LMEHT XODDENIUMK NPYMEHKNM B KAUSCTEC XDUTEepPMs TONbXO Mpu
cofaKneHu HEeKATODHX [JOBCAbHO XecT#HX orpaxuucH4it. LDo-nep-
BUX, CpalHu3aelwe BHCODKM NOJRHEM, XOT# OW NprGaM3uTesbHo,
CJAEf0B2Th ABYMEDHOMY HODMAISHOMY DACIDELeNeHHO. 5 NPoTHE—
FOi4 CAYYAC CTATKHCTHUCCKAA 3JHAUMMOCTD MONYUEHHBX pesynbTa-
TCE CCTAETCA EGCEMA COMHUTE LHON [2] i Pacnpcnc:kem:e OaHHHX,
[IOIYUALMESC NPH MSYUEHKH NPUDOCT2 JPEBECHHL D HALEM Clydae,
CYIeCTBCHHO OT/AMuAETCR OT Hopwasbyoro (puc.2). Bo-eTopwx,
OLIZHKY KODDEJAUMM [ipi NOMOUM MOKA3ATENR ¢ MOXHO MBOBOLKTD
TOXbKO ‘B CNyU2®, KOPKA ¥ MCCIEAYeLLiK BDPEMEHHWX pHOOB HeT
resgenumnt [5) . JeHADCIKOROIKMYSCHHY DEAAX RC TEHAEHUMA
nenaCemta, TAK kAKX MMEHHC M0 NARDa3eH#d M BWDAXEHHTCTH
TPEHGA CYAAT O BOBACHCTHHMM Xayuacuorc GanTopa lia NpMpoCT
ADEBeciiHal.

- Taxeu oGpasom, B [eHIDOIKOJOTHUECHHKY UCCASILOTAHMIX, B
oTaMuME OT AEeHADROXPOHONOLAURCKUX (zcl, OUEKKY CLHIXPOHHOCTH
HesbdA NPOBCAWTL [MYTEM CPABHEIXM DPeMCiiaiX PAAGH adcodeT-
HBX JHAU@HHi WHDHHH POLWUANY KOJel. 3HAWHMT, A0 MprueHeHUA
noxasarenf Xc WIH 4 JJIA OLUEHKH CHHXPOHHOCTH C KPHBHX MpPH—
pocTa [peeecHHH Jomia ONTh ypaicra TeMAEHUMT Tak, UTOOH
0CTATOUHHE JaHHuE 00Da30BaJiM MOCKE0RATENLIIOCTS HE3aDUCH-
MUK DexuuMd. [Uu aToro E nepsym oucpefb HCOOXOAWMMA aueKBaT—
HAaRk METOAHKA MOCTPOEHHA GA3UCHEIX KPHDNX.

B xauecTBe GasucHWX kpMSkx, noxanyf, Haudoiee ¥ACTO MC-
nosb3aypT napaGoiu, MoJyvaemse MeTONOM HaWMEeHbWHMX. Kbajpa—
108 (9]. Mu NponesiM PerpecCHOHHHHA aHaU3 HAMUX OMITHPHUECKHUX
JAHNKX € LeJbY NPOBEPKW NPUIOAHOCTH BTOrO IIOJMHOMHAIbLHOI'O
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Puc.2. ilpumep cymecrpertmy oTnuuuil merny
omunupuueckum (O= ) pacnpegencriven
WUDMIML POAMUILY. KEQJEL W COOTBeTCT-—
ByQU¥M HOpManbHbM ( @ ) pacrpepeneHscM.

(lo ocu abcumec — HOPMHUPOBAHHKE OTIHIO-
HEHMA OT CPEAHCIH; N0 OCH OPUMHAT = KO-
JAMGECTRO ICMHUHKY. KONEl MO xhaccaM Dac-
npefecaetua. lpurepui Hosimoroposa-Cuiipho--
pa A= 2,92>N,. =1,36; xpurepuit %X =

=15 Al =9 4
=157,1> X o5 =9, 0.
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nogxcda AJNA NOCTPOEHHA GA3HCHHX KPUMBLX B [2HLDOIN0JIOCKYEeC-
KMX MCCHENOBAHMAX. LJMA KEXA0H OMIMDHUECKO{ KpKBOY METOLOM
HauMeHbIMX KBAAPATOE GRUIM BNUMCAEHH TEOPETHUCCKHE N0AKHO-
MAIbEE KPHEBHC 0 MHOPOUJIEHOD WECTOH CTEeNEHY BRIHMATCABHO.
JopuainHo, MO BEIMUNNE perpeccro:x:Hoi gucnepexu (4], smmipu-
‘YSCRYE KPUBLE BOCTATOYHO XOPOUI0 OMUCHAEKTCH MHOTOUJIEHAMM
TpeThei crenexit, CJHaNO  NOXRIOMMANDbHBC TEODETHUGCKHE KDH—
BHE HufQOCT2TSUHC Tubid, TR KoK A2l 0CTaTOuHy® TEHGEHLMD
D yuacTEax NepenoMa TPeHia ownupuueckux npuzox (puc.3).

owe TOPO, 8 CAYY2C RE3LKUX Nepenafos ToeHAZ  lpHiseHeHus
PECPECCUOHIIONS AHENN3A HE BNCAHE KODpPeKT:HO. [eno 3 ToM,
UTQ DENKUMHE CTAMAEDTIEY OTHAOHSHN DMIHDHUBCKMX RaMHX
HENISCTORMHIGIC ¥ MOAOMUTEALHO KODPERUNYST € WHEMHCH DOGHUsHNX
Koney. 310 MC ABACHWE /IPOCASHEMERCTCA [AJA KAMICIO OTAC/bHO-
6 POOUUAODO -XONDLE I MOM Wip2 EOJBLC, TeM GCJbile ZHCREPUME
peayuma'roa uavepeinit (oue.Ilj.

Hpmy pacueTd noxadanti, 4TO xaudosice aLeHCaTHME pe3yabra-

T P CHUKCLELH O23KCHEX P3Ny ER€T CHORBIAKEE HOJiHO~
MALIbHOE CIIZELRAHNE & NPIACIENHCM MCTOLA HAKMEHB@AX Koa-
ApaTCZ. JTa MCTOSMEA CEMMAET HSA0CTATHH NOJMHCMMAIbHODO
TPeHiz, TAK HEXM,EC-NEepuur, 008CHEN(DagT Oolbliyd rulxoCTd
TEOPETANETKI KPULEX 1, 20-BTCPLX, 1CHEE 3aDHCHT OT Kaere-
HAR DC BRSNS CTORSRPTIHK OTILICHCHME OMMEPHURCKKX B35
f!]. naCoaee XCPOmAC LOSYIBTATH A2eT CHOAbIMALEC CIIadidia—
KA TI0 NATHACTARN C NPWMSHESHAGI NOZMHONOE TDCTLEN CTeneil.
ﬂunyqau..ue [0 OTO# METOAUKE OCTATOYHHE ;;’:mmﬂ - OTKJIOHC!NSE
SUOMPHUSCHKK DEANUMH Z  GT TEODETIUECKMY « = ), WMCRT
pacnpeneseue, ORUSKOC X HODMATLHOMY, C LOTCKATHUSCHM Oui-
ARHIRL PasLhi 0. lcwnwuaeTcA Tarse TeHNEHUUA JaHinx. Cne—~ -
Jl02ATCALHO, 0 OCTATONHM KPHSHK [PABOMCPLZ OUEHKa c,u.-
XPOHHOCTY MUimxTyalx# ¢ TONbBKC NPH MOMCLM moicazTens ;\
HO W [Py noMony xOdPiLMenra Koppenraukd. Peayiastatiu p;.ct.r.-
rop (pic.4) mokasudaol, UTC [oKA3ATEIN ,{C L npH fpskce
HEHWH OnUcaHiod METOAHKH MOZDONARNT OUCHWUTH CTCOMEHL CHHXPUI-
HOCTH CDARHKNOEMEY LD:MCHHUX PAROE — IJUI CHILPOHHLIA KPADRX
it0odrLEeNT CHHXPOHHOCTK NOCTODEPHO GORLEE BCJMUKMHL J’fc ,i10-
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Puc.d. llpamep HenocTaTOuH0: IHOxeCTH TEONATHUEC KA

NONANOMALNIL LI KDMENX.

(o guit abclvec - HOMEep TOLMUMEL: KOSl 07
ueyTpa CTBONA: NO OCWH OPOMHAYT = WdpHAa [O0-
JddiEk Koael ¢ otat.  O- — omnupHyecuue UaH-
e, © - TCOPETYUNECKAN XPHLAT!

2 =2,048 - £,028t -0,0028  +0,u004
CLpedA TOXA32HMW NePeNioMHAE FouN bl
HECKOTO Tpetile.
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Puc.4, Yepelqerlne N0 UCTHDEM CTOPOHEH CRETA CETATCHIME KpHEBRE,
Cronb3maee S-Toveuwiioe NOAMNOMUANBHOE (ueTBeproll crenetn)
crraxveatve. !lo ook abcuvee - NOpPARKODER HOMepa POAHYIHX
KOAEL OT LEHTPA €T2054; N0 OCH OpPAKNAT - BeMuiN Z-2
O-_ ~ peayawrTaTh ycpeanedwa no C.B.0 n 3;

e- - - - yepeamerve no CB,0B,KG « €3, X, =0,%8; ¢ =0,89.

{p w)

-~ BET -



Puc.9. OcTaTouHue Xpiuuue NOMHHOMHMAILHOMO (ueTrepTod creneny) CKOMbIRAETO
D-TOYEUHOTO craakuBadua. [lo oci aScimes .- NODSAKOBHE HOMEDA TORMKYHHER
ko/Iel OT UEHTPR CTBOJA; NO OCH OPAMHAT - GEAMUNiM Z -2 (5 wm).
o~ - Urj e- - - -~ Cesep. Crpenkamn 0603nausiiy CyHECTRRHNEE pasaiyua
no BeRuukHe = - Z DAfl CPABHHBRSMUX CTOPOH CHETR, Kc_ =0,7; v =0,87,

- e T -
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J:yuaeuon npy CPaBHEHHH RECHHXPOHMIOBAHHWX KPHBHX. To =e
U BCex 00pasloD XADAKTEPHO X B CTHOWEHUK uoaqmﬂuxemn
roppenrun:. Heo6xoauuo . OTMETHTD ,YTO Hadmnamcn cnpeneneH-

HEe oTMuKA N0 JUIOKTYAUKM BeNMUMH z-2Z uexgy oTmennHBU Bpe
MEHHUMH DPAJAMH OfHYX M TEeX XC AepesbeB fpm:. 5)». 910 pe-

SYRBTAT PASJMUMA MO NPUPOCTY APEBECHHN DHONS OXPYRHOCTH
crpona. llogoSkue OTAMUMA WMMPHHN POAWYHEX KOMEL .0 DalNHY-
*HHM CTCDOHMAN CBETa ABNADTCA OLHOW M3 OCHOBIBL. DPINGH 503~

HHICHOBEHNIT ACMMMOTDHU MOMEPeuHsX PA3De30B CTI0NOD, BECHMA

ZapaxTepHofl BMAYCHX2KQUX JEDEEbEs. YcpegHeHy@ GenwidH

Z-“Z N0 WeTWPeM B3aWMHO INepneHQHXYNADHNM HAIDSDISHH-

Au uaMepenva (puc.4) nozponseT JOCTATOUHO apeKDaTio npef-

CTaBMTH XADANTED K padMepu (UIDKTyaUMs BEMSIMI .Z - guA

'RAX, OI'0 OTjeNbLHOr'O jepeEa. 5 a

 Yrax, poayibrarTy HANErO UCCNEAORAMNA MOXAsumawy, UTO

N CUEHKE CilHXDOHHOCTH JEHOPOIKOJOMHUKSCKI KDHBHX H2OG~

XOn¥MA 0COGAA METOAMEA, OTNMYHAZ OT Npwveniexcil B A2ipo-

WHATOROTHM. . . :
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KAMBAABHHE MHULMAIM ( TEPMMHOJNIOMWA ¥ PACTIOBHABAHHUE)

Baroaguc B.A.
Jlarsufickufl rocynapcTeeHHu yHusepcuter um. [1.CTyuxu, Pura

B HacTosmee BpEMA HET ENWHOTD MHEHWA OTHOCHTENbHO TepMMHA
wkAMGUANBHAR WHKMUMans"” . PaanuuHoe MpuUMeHEHUEe TepMUHA BH3IBAHO
PASJUUAAMH B TONKOBHHHM KJIETOUHOA OPrAHM3ALMM KAMOMAJBLHOIO pOCTA.

14



BonbluncTBO UccnefoBaTenein CTPOAT Mofens KamBunbHOro pocta, uc-

X045 U3 NpeanonoXeHUs O HanWdMu OfHOW WMHMUManW B KaX4oM paguanb-
AnpTepHATHEHEA noaxon

HOM PAAY KAeTOK BTOPHYHOI'O TefAa pAaAcTeHWA.
- B pagManbHOM DALY UMEeTCs HEeCHONbKO DABHOLEHHHX WHHULmAaneh. Me-—
TOOH MOCHTHPHKALMH ONHON HHULMEUIH CMPaBeNBO KPUTUKYDTCA CTO-
POHHHKAMHM KOHLENLMH HECKOJNBKUX HHHUuManel.

AHanu3s sakoHOMepHocTeft xamMGHansHoOro pocTa MOKA3HBAET, UTO,
HECMOTDA HA HamWuHe ANMKANTbLHOI'0 MHTPY3HBHOrO DOCTa OTHENbHEX
RIeTOK, coxpaHseTca ofmuit cummnacTwaHwi xapakrep pocra. Cnemosa-
TenLHo, paaManbHEil KaMOWanbHHA pocT HeoGXOmMMO pacCMATDHBATDL,
HCXONA M3 MOHATHA rpagueHToR pocTa. [Ipd 3TOM MpABOMEPHO BHOENUTH
nIDaHHLY MHHUManef", OTHEeNADmYD pOcT B CTOpPOHY fuiosME oT pocra B
CTOpPOHY Kcuiems. MecTononomeHue sTofl rpaHMIN 34BHCHT OT YCJOBHHA
K arana pocra. OHO OrpaHHUMBASTCH wKOJNBLOM NOTEHUMANBHHX WHHLMA-
neft". [lpv TaxoM nomxone MHULMANAMH CIENyeT CUMTATHL KIETKH, KOTO-
pue nepecexaeT rpaHuua uHWuMane#t. CrefmoearTenpHo, B KaxioM pa-
OWaNLHOM PALY KJIETOK 110 Mepe DOCTA PHIeNAeTCA JMmbL OfHA HHULMAaNDb
Pacnoananue ee BO3MOKHO TONBLKO PETPOCHEKTHBHO. B Kamuu#t neHHHR
MOMEHT B DALY KJIETOK MOXKHO WIEHTH{MUMDOBATL JNMMb HECKONBKO CXON-
HHX KIETOR - [TOTEHIMANbHHX MHHIManefl. KoTopas M3 HuX cTaHeT
eIMHCTBEHHO MHMUMANBD, 3ABMCHT OT Xola panbHefmero pocra.Paano-
PIAcHA MO NMPUMEHEHMD TEPMMHA nKaMOHANLHAA HHHLMAaNL" MOABAADTCH

MpH BHOENeHWH OTIAEeNbHHX 3TAalloBR LUMTOI'€He3a.
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BEBELEEKXKE

‘B TeUeHZ¢ IIMTENLHOI'C BPeMEEM BeneTCs OOECK IoCOG0S,
EOTODYE NO3BOJHIL Oy, H2 ODOBONA IpaliEe TPYNOEUSKEX E 3a9ac~
1y¢ HePe2M3VewuHX HaOLILNeH i, CACNETL & HFIEBANYANLEHM
20CTON OTIEABENT 0coCed. UONRIYD oA B DEROHCTDYFIEE [HHZ—
MdFE DOCTE MHCIOJATHZY PACTS¥{l ZTrDawT T¢ SOCTOREEHE CTPYIRTIDH
Upratidi3ka, KOTOLHE FBEIAYABATTCA B DESA2D2N UADALASNHED DOty
Oprasd3ua ¥ 8 MOoDI0JOTIHeCFIY FaMeHEHHEY ROTOPHX OT)2ZEnTCS
TEMI DOCTA E COCTOSEZ? HEIEBENYyMa. OTO0 — "DiTHECTPIDyLANE
CTPYETYDu "

TonusHEOE pergcTPEDYTme) STPYRTYDON ABNZeTCHS ODEB2CHAS. 3
TONAIELX KOARNAX 32KINYSH3 HETerPalbHas EHJODMAIES 06 YCAOBRAE
pocra. ECI¥ RONSD0 I¥DOKDE, TO B TOL ET0 00Da30BAELf HOICHe
ClarONpESTCTEOSANZ DOCTY, 2 B HeOHATonpAATENH# I'OL -~ KOZ:O0
TR0, ZECTLA on2 3aMeTHoe. [DEETANw Z MEeTOIM N3FI3Eds 223~
SEMOOTE MeITV SIDEE0; TONAIHNY X0JAeD £ DOTOMHEME YonCEBIAST
p&2paldoTasy JeHTDORMEMATONOraMZ. B HCCReNOBAHMAX, B ROTODEX
3T ZDEHXOW COOAVC2DTCE, YIASeTCR PeROLSCTLYHDOBATEH RNIEMATEHEC-
REE VCAOSAR ¢ TOYHOCTED IO OKS0ro Trola.

LorTas COXDESH0CTI [DeBacEEs, TPOCTOTE HOAyd2Ers 06Da3-
208 E 30DHCEEICT: BOCCTAIORNEEZE o COXLIOI TOTHOCTED COCUTAN
DPOTION0 CDEEI2FAT EHEM2RZ2 ECCNZI0BaTereél cawmwy DalBEuX Ha-
2BNEREL M cIemtansuocrei. Cramy ZomsiasThCcR padoTd, B ROTODEX
atCMATPKBASTCA CB45h MeXTY CTPYETYPOZ TONEYEHX XONED Kpesd—
CHEY I YORORERME Ce30Ea EX 00pazcBaEEd. [pemnoEeE0 HESCROIFRD
WMOL2n2%, wOTODHE CEA3HBaVT BapEalelhd0oCT: DA3MEDOB XT8TOR IDS-
3eCIHY - HIMeHEHEAM CHODOCTE KaMORANEAOro pocra. Omapssrot
TBerEIes¥a EOAZISCTB2 DAJOT B JTOM HanmpaznedsEm, Tex Oorse ITU
CTARD ROBMOZHM SBTOMATH3ZDOBAEEGE E3MEDeHne DADAXeTPOB CTDIH-
TYPEEX 372N2ETOR ECANAMY. ’

OCOZeEHO BASE0 BuiRASHZMe CBASN MSENY yCIOBRAME DCCTa L
CTPYRTYDOZ IpeBeCHHN NS NGCHOTO XOSHUACTBA. YCUeXE B 8TCW
YaATpaR/ieHE¥ TO3IBOLAT He TOLSKO BYODSTH CTDATOTED A8 COUC3AK-
STREHHX MeDOTDEATE LA OODTEMANRHOIO RRe/FY6HEA MACcCH Li8Bd-
~uwi, uo A J8paee InASIPISATH A OCOCHOBAFHO JyUPABLITL DRo-
IADCRANMs DO CHEL ODPEXeneHHOTe RITECTEA.
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AR YCaswHOrov SHABA 2HAA 3JA2MCAMOC O e AT, 210 E. D0
DoCcTeé ™ CTPYKTYDOY IPOEACASH [DeXEXe BCSIT 5200X0IIM0 XCICLO
3HATE 3 ROHOMEDROCTH XKYMITHRM KaMOAANLACTD ZCCTS. OCECBN (-
HeTHFE KAMCEAALHOTO DOCTE AINATADTCA B HACTOALEM ICCOCHHE.

I. XIETOTHIE CUHOBH FAMEAATERDTT 2070T4
I.I. Comps XaperTatEcTIoNg LeaONs

3ce RNeTTU BTODMYHOL TI02Mp I EPeCEuin i mitneli - TI-
I7ST JIATEASIQCTE RAMCHMA. 3 CTSCAT ¥ Z35ILiN 4
TeCESX DacTruA® TMEDAHEREDW J0Hn 3 B YOk &1
LCd 2 ECHISMOLU 2 BANG CHIOmHLIS ©IF
AATH )7 f108ME, 204Y T MAHSDAIBHLE Z2@M3ICTRE - O B
TyTEN CC323CECTMA HISHX £T370! HADIIABE ¥
JTOPEVEOW Tene 23CVAHEI, LDONLIUHCTIO SOCISEC I maMonT IR~
hepeNIZItye T 5 AAATHY XCATIME, 4 HeXITINuA 1T IICTH CTIES-
DI WISTRAMM E0 0 1IN,

KaMCHR COmERSHT L.3 TZi@ fioTo™: JTuiddoEHYya el 2
3130CTpeMyaYd MOulia I ~ 2¢UETEHOSNI (2 XMeTil mawddd ¥ 10574
AJOTLSLETLATICHAR , CPTRAZHD HeComicma -
STE TLTd wileTOR 0S0Ce. .o NTILATINICS IpTT o7 ZOVI
0CsexNy, OpRYaM Z:[eToHITiIHNe (LETIL 2HI
qe8 MICTRA Ayued. CIHERD 0O TULHCMY TTED:
HOMY  DMamMITpy, AF9eBNe KIoTwd I :
ragTsA. Tawxmw odpascl:, y 1LeBecHuLx i
H0Jd WMepUcTeMe K1 TN ¥EC ITDR)SpesUTDCsdEL 0 CDOLM DasLapLn.

Txapz, peafirac:de U3 SNIXNSESY MEDACTEM, SCIal a7
CNETA MEOTUX THELOR, HOUOLWS DRSFD OTATIZUTCH 37T MITUCT -
TUTGCKET WIOT0L M0 CHOSHE DCLVE i CEZMeDas. JD4asd Mazxmy 777 -

Fa,® RGMCIA ¥ IX ID02320MA01™ Wi GaTXl £.177T3TEY 4
NACONOE2KTE KASTOK NMITOAIION 2 @ o LASSNn yER v -

TPeIHSYeOTIRY B 0pMa A Zocaolr BT SELR
BeperaiioBATELS KE Ma MLHED e i - £ JIE: (o RS VoI T X
wNSTEAM ROUACHU ¥ DROAMMH, XOTODHS Tacaoacmerhs Tan, ITT O
RUAEHYe OCH TAPATTINTAN DICEGALEY . 10t 2rTan .y, Tua - :
rYonuTan. CaosoM, OHR oCna3y T ID0I1N i
azamaiToe mepgewny 1 b, :',:lnr

T MMOTSUAT TULT, T XTI, KoL o e T




TPEBSCHHHCE DeDeDIEME B RCEAeMe) M CATOBAINHS KIETEA, (UIOS-
MHHE EOJNICFEA M KRETRM JM09MHOY OapeEXuMu (Bo duosme). Jyde—
Bde KIETRE KamOWs [NaDT Havano KIeTRaM Iyde#, TO ecTh sleMeH-
Taw DOHEPEeTHON WX NyYeBOX CHCTEMH KCHIeMH B QUOSMH.

H{ameHeHEA pasMepoP KI2TOR RAMOEA BHSH3ADT NONOCHOT'O Xe
TXia X3MEHEHERA RTODEYHEOM KCWIeMH ¥ QI0SMH, HO ORODHYATeNBHHE
pe3MepH KX KASTOX 33BACAT OT BEAMYEHH KAMOMANLHEX RKIETOR
IECE TACoTETHO, TaE KAK H3MeHeHHMS HatrupapTed B B OPONEecce HX
npnoTa.
I.7. KawOBmajbHEHE} pocT

YBenayesEdAs Da3MepOB KISTOK IOCHe HX BO3HAKHOBEHEA — ONHO
23 [POABIEEEH} RamMCransiBoro p&:’ra. Camec moEATEE "pocT" YeTRD
IrpezensHo. &Te ... HcO0OPaTEMUE yBENAYEHHE pasMepOB B MACCH
T&na, CBA2Z3HHO: I HC30L00pa30BAHEEM 3/18MBHTOB CTPYETYDH OPIa—
=mama” /37

PocT pacTeHR} CRNSINBEEeTCH #3 pOCTA KIETOR, THaHER ®
CDTEECE. PO2T HASTCK E C30D 049eDens - HS COCTARIANMAY XY
CTOVETYDHEX 3hemMeHToB. HAa BceX yJDORHAX OPraEEsSamel OpPaRTA—
SeQROe OIpeneneHZe OPOLECCOB pPOCTa 389acCTyD BEChMa CIOXHO.
Hanpaver, ymenMdeHEe Da3MepDOB EISTOE B DE3yARTATE pocra He—
DEIKO CODDOBOXIAeTCH KoNefasdavd 9THY pa3MepoB OPE H3MeHSFAZ

Dex

BOIHEHACCTE Txamer. [loaToMy TepMEH "poCT" Hepenko OpEMeRd—
oTI5 RAWS TpEC/EIFETENBEO, a HEOrNa K HeBEepHO. B mankHeidmew
N3NOESENE CABNFST SDAMSETTL 3TOT TODMEE N0 BOSMOXHOCTH OIN3RC
E I2HHOMy ONDEeNeNeHAD.

IpE zsyqesan mopboreHesa camof BaxHO# CTOpPOHOR pocTa
9RNEeTCS H20pepxBHOE VBeNNYeHHe 005eM8 KIeTOR, OpraHa HNE

opraHE3us. JpE 3TOM IpeamonaraeTCR X COOTBOTCTByMmEEe y3elH-

JCHEE MAacCH.
Dl DaceMOTIedl KauCEAABHCOIC POCTA OCHOBHOE BHAMAHHE jTo-

Ioi pac
To8 pooTy EAeTOTHaX 0J0A0YeK OO0 HACKOALKAM OPEYHHEM. Bo-—
Gepbil, IMEHHO DOCT WIeTOUHEX 0G0/N0YeK OTPAXAeT NPOTEKAERS ODC-
jen Ak NIDANTeRers, D peayibTaTe PocTa KASTOYHHX OOOINOWBK COnDe-
seTo o CODME K BaTuM@ua ¥ox OTHeNBENX KIAGTOR, TR HE XK4TIOTT
funmely B OUALOM. 90-=-BTONYX, KIeTOHIde OJ0I04FH COCTHi-
L vogadaTTuHHO M CI0NB3YeMyR YECTh NDOOYROEE pOCT:H
ereTLEY, Elereomihe 0C0N0YKA Ompene AT
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CTOFATYDY OCOPAYHLX TPOBOQAMMY TAadaid, xoTopad CoXpedrsT
10BuAsLY Koaro. OrodeRHOC OpPOICAIATENBHOZ BJEMA COXDadaeT
CTPJETYi<, OOr430Ba=Had WIETCHYHEMA oC0A0THaMA TDeDe My,
A-7aT2epTHX, YTO TOXE BeChMa BAXHO, DOCT wITOUHHX JOCHOEEx
H0XHO AZMEDATH GOMe8 TOWHO A TDomMe, 24 TI3T IDVTAK 27 3T28HN:
IacTef KNeTOR. 3BHNY GPONONRATEABHOTO BDEMEHTT J0YDAHIC ™ aff-
J09ex, [0 BHPOCIMM RMAGTOTHEM OGCAOTHEM INRINTAZAAITAS 02407
3 onp2nenesHHX CAyYaAX BOCCTAHOBATE 0T Z00T? BO 3jevs !
STAHOBJEH 7.

Ipw AzyIed® pocTa zuza"'om;:( 0CON0%eR HESOXOIHMS 2. -
1T93Th DOCT 002109eR 3 MOBEPXHICTL T POCT [5oiyisd 3 Tii—
nrHy. B mepBoil cydse ODOACXOMAT ZGAASQHI3 CCTeMa ©
4 5 DPE3yALTATE TOCTA B TORNAHY yoelfgdas. fol T .l

voiHNX 0000YaK. (€A mpomeccd [-eTa Oodononex
cIy44es COUDOBOXIADTCHS yBReTIdUanMeM Macc: 47703
IDCHCXONAT B HCEONEDas0BaHAE 118M3IHTIH r
JEendqeHAe MacCH B HOL J0pasczaHme SARMesETCT 2CI.L
ACYONAT X OO [MATOTOML . Jlenewue RFTOK - TDATU. TTouRco
£ocTa, Ha ROTODHHA cnem,2T oODSTATL BHAMANZA. [IDA TATOTOLIL!
TPOMCXOMET 0CDAl0Bardz HOBHX WI2TCUYMET CCOICHIeK, A 3TOT
OpOO3CcC QNEQ3DEMEHHO CONPOBOXIASTCE DOCTOM ieTIWHEY J0070—
96X B JOBapPXHOCTH.

Sda

: IP0-

I.3. lenernma zaMOHaNSHEX RN3TOR P

[Oo cfme# creve OPraHM32mT™¥ MUTOTAISCRCIC LIKia Fav=
fYansiiie WIeTHE E@ OTIAYANTCA OT KISTOK aNdKalbHuE MelifaTa.
HexOTOPHE 0COCEFHNCTA BHABLAOTCI B KAMCHARIEUX MIATZaN 1%
33 KX catms0d BaxwonnnonaEﬂo CTH A OTDOMEOY ITEHY ==2paTiss
BATHHX KAETOK.

18 marGAA XapaRTePHH TePUnIITianbE«s | SUTATZENL"  ©f - -

oL,
ARTHRIMHANSEHE (MyTISTOULLZaTinyye) mamgEas = k.

THeXTIBAYT THCN0 KAATOR 092 TDFEEICTE MeDECTOMHE. . 177, -

CRY2CTE OT DACHOMOXEHNA HCG20.! v34TINHDw T2

T9THDE THNA MYISTENAHKATHRHLY Tansine i o
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Lafaliea Ldpaln<libHO, JiDd OGOELendM = NEePreHIMKYAADAC, LRI
MOEHONOCEDETHCY ~ BAKJIOHAO OO OTHOWEHKD K NPOLOLEBHOR OCH

<

rmerey. [DE naTepanbEOM LeeHRV OIEa M3 CeCTDHEHCEAX FKIeTO:

"oTaennAeTes” 0% MATEDMECROY RASTAX V ONHOK B3 panBankEEX
STEHOX. )

DAnZaNBAG-TIPONONEYiY NeNeHMs XapakTepRH Iud MyLbTALN-
rall7Z DeDETEHOBRIIFLY FIETOK ¥V DacTeHEl C ATYCHYM CTpOsHAEN
K3MGIE . 1ECA0 BeDeTEHOBINENY KIETOR B HeADyCHOM RaMOHH TEC-
NUTLEE9TCE ODEENYWeCTBRERD OVTeM AOXIUNOZeDedTHNY TeleHK#.
LOofeiEde I n3TeD2NBHEE LEeNeHAA NaonT HOBHE AYIEBHE KNeTHN.
WIBTZIMARATRRHyE JeJGHIA IDEBILAT He TOABKO K JPSJMYEHHID
TOAMIECTRS KaMOLSILHELY HIETOK [0 MeDi BO3PACTAHAA CHEDYEHOC-
Ti Ramiis B pesyzbTaTe pocTa, HO O E CNYEST LA BOSOCHOB-
neErs BT anadey.” KaMOWanhHEEY RIeTOK. UTMADAHHe CTapix
TAMINSNBEYY EIeTOX I 2aMed2 KY ECOBUMA IDOMCXONZT R IOBOIBHT
JORLOZX MacmTasall.

Tay He MeHee ROMNYECTBO MYNbTAIIMKATHBHHX LeleHEY &
vaMiiy Han=or0 MEHBIE KOJAS2CTBa aqlETHEBHEX NEeNeHEM) E coc-
T3R7AST NKTh EeCKONLES ODOUSETOB BCEX MATOZ0B. DOJLI&R WaCTI

VYILTINIAKATESHEX IeJeHAl B KamMC2¥ N0XHONONepewHNe MIE

DanqMan>E0~-IpoNoabHHE .«
ANTOTHERAELE NeNeENMs HMEDT MECTO B TedeHNe BCOTO CE50H:z
neneY¥s TNOTOX, 8 YYNLTELMEKATERHEYEe . J&Ne BCET0 OPONCXCLIT
100 KOHen cesona XaMOFANBHOIO pocTa. TONBFO ¥ MONONHX X
ngeHh C4CTPC DECTYIAY IeDeBbEB Wy lbTENNFFATHEANE LeT12RL7
137 angenTes B TAGEHEe BoITC CO30FA KaMOEATBEHIN renounl.
lipeocianaimie QnIPTEEHNY KamOMalbpHIY, NefeHRd ODFBOOET I
00n2TUBASHE TETHZY AeTOK Bo dmoome ® rcEaene. B raImow
ATTEALZNON DATAANSHOM DYNY DaCHON0XeFy IPOE3BOIHNE ONROL
# omoroatnENd wneTxd xamomd. [DE 3TOM B RIZIoOM
. DATT DUOCReERZ3EeTCS BpPeMeEHad NOoCHeNe3aTenBHocT.
neHme #12TOK. 1eM MANENe RABTKE DRECHONOZESH2 OT RaM-

~173 BCOHERAA, ¥ HaoGoroT.

2T, T DaKBo

Boot seTOK  OJOR2JIXMOCTD
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AR B OaMOWE HEDAZDRBIIO CBABGMD <& 4% .00
p C R 1L UPPNEOCTL HPeNOINACTIE |
wneror 0oon0 JTRESHEA WME OROAHIT20F -




Hux passepon & PoDvm. LI DOCTZ B UIGBERYHOUTS TAPSKTINHO
yBe DN :2HAE [OBEDXHOCTH & MACCH MIRTOTHELY CTEHOXK.

Hepnsmoao HemocpeqcTBeHHO HAC10TAThE 34 DOCTOM HHTALT—
HHX RNETOK OPeBecHWX pacTeHM!i, TO02ToMy 3CA HEHODMAOmIA O waM—
OHEALBHOM pOCTe HONYYeHa ODE A3yI2HIA VORTIIC ®ieTox. oz
3TOM MONYCRAOT, ITO TDH MOXTOTOBRS A3 Iaamsy JCTEETOR It
MEKDOCKONADOBAHAW CTHPAOTCA KONEGAHLT DasMeros X1A8TOK, 3Bus—
BaHAHE (SI3RONOTAISCKMM COCTOTHIEM FATOX X MO+ "UTT IATHS
J6pa3tia. COOTHGUWEEI® Pa3MeDOB ATIENLHNT RiaT™g CThamRaeT -~ -
JTHOMEHNEe TPON/KTEBHOCTE ZX DOCTA.

PammanpHad pPATHOCTE KAEGTOK B 1auCHT 4 90 3TONATHIN 3al-
EYAAPENX TRAEAX ONAro0DHEATCTBYET WUSYHeHET 1002703 ZooT:
«IeTOK B DOREPXHOCTH. TeM He MeHag, 23XOHOMEDHCCTH ASMEHIHLT
PasMapoB TIETOK 10 bBcel WNEHS pamiaNsHul 2403 'CCIITBIEHT
=I8TOK, HATAHAA OT MHMONANESH @ XOHTIE SiDO0INING RISTES
ZPOCHSABANACE HEeMHOTR.LE BCCASLCOBAT2N.04{. DOIHa, O0=3ATI-
MOMY, B TOM, IT0 TOXHI 3CKA CNOKED AIFICTSEHNHO IDATCTORIT:
TpenaDaTH, BRADNAWNTS "TOoArNa" DandanEHNI DANN FASTOK.
foaToMy B COABMGIEHCTBE Ciy9A2eR O DOCTE 3 UOBELIXHOST: CVIT
IO QOpPM8, PacHOoNOIEHAD A DA3MeDaM BEDOLIMY HI8TOH.

B mesoy pocT B OOBEDXHOCTE KIETOK BTODUWHHY TEANS, .-
CHOOOB2H Mal0,X CORBIENCTBO CBEN2HMY o IDOTeXaHAm =720¢ 127-
Oecce ODOAYYEE0 IpH AZYISHEE DOCTE XI1ETO¥ o 'ROYHRY 7oL

.'i
3

I.5. Hampamned@s 0ocCT3 ;

COcHOBHO@ HanpamneHWE RamOIANBHEITC DOCTE — Qmidalasce .
OmHOBDEMOEHO ¢ DOCTOM B paJmanLacv HAMJARTEHAN I-04CX0DAT
YBEASYGHHAE OKDYXHOCTH CTEOAA. CSARUSUMTCTS MeZIV 00TOM
TAATRATANRAOY A DACAANBHOM HAOPABASHILAN LD IIHNIDICTeC
PopMe cTedlq HA TRAHGBOM JPOBH2 LPoIRN:ED IDCOTS!

al=2qa Ar

rme A&F - TpEpocT pamiyca CTEONA 2 IDOMEXRYTOR 30overH
oU' - gpEpOCT OKPYEHOCTE 38 AT

-

B OpONOALHOM (OCEBOM) HAMPEALMNIT 00 tom 7 ToEs
JOMAMEX TRAHBX UpE AMCHANGHOM D007 Y 8 waliTaT ot



CTeleHL CBAFaHHOCTH POCTE OTOENBHIY KIeTOR B BCeR TRaUy
¢ CONLIMHCTBE BAGOB NEPEBREB H KYCTAPHAKOR BhCOKA TOALKC B
PalAaibNOM HANpeIeHdn. B TEHIeHT: ILHOM Xe HAONEBJEHEH OHa
MOXET OuwTh BechM8 HI3KCOH. B Depayw a9epent 3TO OTHOCHTCH I
BENAM IDeBeCHHX DacTeH: i, Yy KOTODHX OTI2/bHHE TUIOH RIETOF
BC 3peMd CBOEro pasBATZS DISTYT B LAZEY. Y HAX B DPe3yAbTaTe
VLDTSELE NUWAY OTHEABHEX RISTOK BO3DECTAET X KOJAYECTEO
TA27CK B QNOCROCTE JOD2DevHOT0 paspela CTednd. H moaroMy ymeimH--
EE2 0TizEng BTODUYHHEY IPDOBOLANMX TKaEeX OO OEDYXHOCTE B
Combige G MeHREED Mepe o0eCHeINBASTCA DOCITOM RIETOR B NIMHYV-
2TITEEE C3333HHOCTE DOCTA OTHENLHEY KIeTOK M TRAHE B TaETER-
TENbHOM HAIpaBENeHMM HU3KA. TWlbX0 B CAyIAae APYCHOTO CTPOEM:S
IpoBCIAmAY, TRaHei DOCT OTAeNbHHX RAETOX COOTBETCTBYeT yBe M-
YeHMO OMDYXHOCTE THAHE.

™o, OIHaxd, H2 03HavaeT, YTO OPE HOADPYCHOM CTPOGHME Bac-
SVISDEEX TRaH2it oTIeMbHNS THON KASTOK AIM oOpene/leHHHe YaCTH
K12TOR K2 D3CTYT B TAHTeHT37bHOM HAOpaBNeHME. Bens,mo cymecTsy,
D007 HNeTOK B MIMEY VEe BKIUSEeT B celq YBeNEUYeEHe EX B TAE-
TEeETANLHOM HAOPaBJSHAM B yIMHAOMEXCHA 9acTAX. B To Xe Bpevs
2 UGHTPEI®RHX 4Y8CTAX JI/MHANIEXCA RILTOK POCT B TAHTEHTANLEOM
HanpapAerd¥ MOEeT NONMHOCTED OTCYTCTBOPATS.

Hapemy ¢ RIeTKaMH, TaRTEeRTalkHAS NEPEHA KOTOPHX BO Bpe-
V¥ DESBATIA HE yRS/ZIABAETCA, CYMECTBYOT TaAKEe RASTEM, ROTODHL
D2CTYT B TARTE!TAibHOM HaopaBMeHEM OYeHh CHARHO. 3TO CYNymRE
TaeMExZ cocyros. OHE YacTo paspacTawrcd HAaCTOABRO CHEMABHO, 9TO
¥ c¥omYaTeNbHAA [MADAHA OPEBHNAET BHCOTY. YBEINIHBAeTCA BO
BpuMA xamOMalbHOTO DOCTA H TaRTeHTANBEAS UHDHHA CHTOBEIELX
ZIeTOK.
ZCJX yBesnIdeHAe OKDYXHOCTE CTeCNs Ipd OGPA30BAHNE He-
FDYCHOI ®CZIEeMd DDORCXONET B Pe3yAhTaTe MHTDY3MEHOTO DOCT:
~GpeneneEsyY TENOB KIETOK, TO NDY GOPMEDOBAHEN BTOPEIHO®
{103ME VERLIYEIHE OFDYXHOCTE LNET ONAaronspd POCTY RAETCE =

TORTeHTOIREOM HANDARJCHEH .

. d0EAOXHOCTh pOCTA
79 GOABOIHOTHE TITOD PACTHTENLENX KIETOR XAPAKTEDEL

o ieo=nger poel JOBAPXHOCTHE. ONHAKO /19 TpaXein,

M- Y PEIIIOD KIETOK, KJUTOPHEe Bo Bpend CBOEI'D La ==

i Al b !
| ospyT




BATEA yBemayrpaur IAHRYy, XaparKTeped agaraisHad ZcoT. o0
QUNERA..FHOM POCTE 3TAX RNETOK CBRAOETEALCTBYET DA IZPU3HAMO3.
KoHOu 377X RIETOK OOAT'D OCTAKTCA TOHKOCTAHHEME H COraT:HMA
OETONAA3M0#. B OETOONS3ME KOHYMROB TIIHATWGMXCA KIETOK HaClo—
Z82¢CA MOPNWEHEHAA KOHIIGATDAIMA 3JeMEHTOB 3HIOMIA3MaTYe CRO™
CeTH., JIIEEAOMEEecCA JacTH KIETOK JETHAPHUIRDYOTCA I03ike 0CTAlL-
20t oGOJOYRH. ¥ KAETOR. VI/MHAGIAACA MOM KEMCHANRHOM DNCT2,
JODCBHE MOAK B OCHOBHEOM DACTONOXEHY B CDemHe* 4acTA ®IeTw!
40t 00 LMTRe AHMIMAIH, 4 TODH HA DASTYLZY XOKXIAX MOTTY Zaci0-
TLTBCI CO CMeRMmMI KIeTkavil. UC AMIKAASHCM DOCTS yoamHsTsires
RWIETOK CBEEATONLCTBYDT M SacTHe AJMEHeHET DODMY. aMexcos *ioTos.
0H2 RaK Ok ODUNANABADTCA X XOETYpaMm OOA0CTA BHBHDSHAA i MOIT,T
JKa38THCA 3yO09aTHME, DA3IBAEHHWMIL, CMATUWA, 70 2CT5H GT/AITHEA!
o7 KOHYHKOB AHATHANREHX KAISTOT.

CBA35h MeXT, RIETTIN

duXond 93 CTENEHN CEA3M MEXNY CMEIHLME DaCTYLAMA ZieTREME
3319807 UBA ANBTEPHATHIHHX THO2 JOCT7e XILTO:! M ARUTHS -
cronbrimd. [Jom CROABI M4 DUCTHOM I0NDAIYWCBANT CHOAEESHIE
IHATATENASECH TACTE CTSEME JAHEOCH [ETH! .1 POCT2 2 HOBSDIHI 7L
OO0 CTIEKSN OIPYTUZ RAETCR, C KOTODHMI OF3 UOGD4ARACA3TCA. JH7 s
SAMZEA POCT XapasTepPeH ITIH TISTOX ZMRuTHSS, 7 2207esI
gadmonaeTcd 09eHh DPexqHo.

Mlcd cZMONECTHOM IMN¥ COODAXREEHOM, Du:™¢ HE HadnolaeTcs

CKPeILIZHN IDPYT . ZPYyI'oM, 4 Melly Sl 52 26Ca3y2rag Tpamss
I paszuBoB [2/.

A2:30UANBHANE DOCT GCICHAMI ¢ TO4Yrd 3 3HAH PO %072 -
5809, 'Taf F CUMINACTHCTO 200Ta. 3 7al. .0 ld,
SOYCHEOM RAMOdd J0MEOCTEO CCOTBATCTE, .
T2aCTHOTO DOCTA. HO CLMIMACTHUM o
TUANETAEHe IULIY BONORUL, TDENSdD
Tar=e 9e3DaCTAIEE MIaMeTs: ITIaplY it
TAPART 'CHOTHKA 3TOTQ TUIZ 2
ADENdKO UNRATEd THNTRYSIEHW:,.WE L7272

dEPS RS OCST ZICCMATONBRLT L% vl

SAYGE, SNCICXOLAEE SRJ L NTELE L
< AUVACTS :




HASTYON M 8¢ CUoSIdAute. PR YIIEHSHUL PAlhABaOUMXCH MUIBTO!
KCZNers U2 $N0owy TPORCXONET AUMEANDEHY METDyIEBHLI pocT.

1pd TaxkoM TEDE pc-"'ra UeHTDANbHEE 9ACTE CMEXHHX HJASTOK OCTa-
ITCA CKPENNEHHHME, ¥ AHTPY3EBHO PACTyT JANE HX ROEDW. OT-
GOCKTCA N MHTDY3EBHHE DOCT TOJBRO K CaMuM KOHIMEAM DACTy—

OAX WIBTOE 4 CKC/bEEHAE CONPERACHXIMZCA TOBEDPXHOCTE i BOBCE

Fe [POMCIOIAT MM Xe MHTDYSEBHHE DOCT 0XBaT4BA8T £ HEROTOPYD
4Y4CTh KWIETOK IO AN2KCOM ¥ TAM HAlIunaeTcd CKOJLESHAS O080A0YER —

TOYHO HEH3BECTHO.

AHTDYIMBHO DACTYIME KOBUH KAETOK IPOGEBAYVT CBOH OYTE MEK~
1y AHTHKT{HANoHWMM CTEHKavll COCEerHAX KIeTOK. [IpE NpOonREXeHHR
E2DXYIM DAcTVMeX KNETHEM Mexfy O0CONOYKAMA COCEIHAX RAETOK.
CBA3NBANMEE FX M2ERJETOTHOE BEmecTBO, NO—-BAIIMOMY, H3MEEAeTCR,
¥ NepafvuHde CTEHKA CMeXHHX KJI2TOK OTHeNADnTCA NpPyr OT Npyra.
303MOEHO, 4TO 9TO IODOMCXONZT TaKiM X8 00pa3soM,Kak 4 OpE ofpaso-
SAHEE MeXXIeTHEKOE. YCTAHOBJNEHO, YTO MHTDY3EBHO pacTyuke RIeT-
# CcomepXaT OeRKTHHa3Y.

0OYqHO OpemmoisrawT, “T0 &CIZ [PONBEramWASCA BepXYmKA
#NETKT Nepecexa8T OAA3MOTECHH, TO OOcCAenHEe pa3pwBanTcA. XOTE
5To FBNEHEE HMXTO E2 HaCADTan, TeM He MeFee OI! OTMEYEEH

"Uar OTTeNeHZS OpyT 0T HNpyTa NepBAYLIX NMOPORNX noned.

FneTrdA, ROTOPHE YBEAESABANT.'~ CBOD NIMEY, HE TOJNBKC 0CTE-
DTCE CHDEOJEHHUME CDeNHEME YacTAME C COCENHEMA KJISTEaM®, EJ I
TDOICAE2DT CBod pardansEyf pocT. TakAM oCpasoM, MHTPY3XRBHO
CIUHAOMACH RICTKE 00 Cojamefl YacTE CBoeft TOBEDXHOCTE PacTyw
SINTAACTHS, 8 MHTDYSEBHO — H@ BEPXyURAX. HATDY3HBHEI DOCT
cmeTor EZMOTTA HE AapymaeT UOCHeNOBaTENBHOCTE PACTONOXEHHA
“L27T0E B RAELOM DAnZajIbHOM PANY, TAK KAK yO/EMHAKMAECA KO:ITIKL
BCeIZAa BHEIDIOTCA MRXIY RISTRAME ABYX COCEIHAX PaRani-

e

JpE 3I4EpEMECNM GIAKANLHOM HETDYSHBHOM DOCTE, FAmpawep o

zueBbEeT, Fe HOPyLAeTCs CTPOFSOCTE PamRaNbHHX DA
© aonenHTHYe [a3Mepl KISTOR B HMX., [Ipd CEAbHCM

=T P
LR UTEY W BANDFEUN ¢ OH2i070DHX BEJCH MBYNOABHHX LTEeDEBBER
5 DATSatBHLX pHROR MOTeT OuTh HApyUeH2, 7 DO 92T

' L@ TOOVYEITO ROALOa NPe3RCEHEN.
0T 3B0S7~

" oaPnin B MDD d X
Cee sy LUCOeCHLE pacTelx! B o3anscimoc't



IDIOHEHL AOOARAHYCOCTE EUIJdSE L. . o 232T2R08C, OT T2 T iad V2
[

NMQEEIA NMAMHY RM2TORK BC BY<MT UX CTAANRIRSMA MOARHO :HaiTd Bl
SRYyI2A: 0T CTPOAHHX DADNANBHNA PAINB 10 TQU(ATO AR OTCyTOTRNN.

2.C. ToCT RISTOTHHX OCGO/I0%EK aOImQ3IALtaf

PocrT ANIOJMIHE 4, 4/ HANORSHNSM, = T0CI2I06ATR L2082 OTI0~
zZeaEe zemecTBaA ACONOUKM, CMI)it 3u SAIUM, H5 S DA, TOSHYCO 10—
S3DXAOCTh. UYTeM AUNORCME! O3 LEeCTATIET A [RAAAULIEe TOAEIL,
yA0negex.

dancdcnea TEac1aA 3aBKCUMOC. 5 M3IIy TONLLEH
SOCTOM HAQOXEHMeM GymacTByeT MRS TR FAsIIHUY CTRESH, fuTonu:
<2 DACTJT B OORAPXHOCT:. ¥ HKX YW s 2
TpolUece anIodMUmH, Teid O0Lnele TC:
STAQXEHAAE TOBOTO MATELRANz OCONCHEING |
“naToK B JODEPXHOCTD.

Ird ODHOBPRMGEHOM , JCT2 B {[O3ENG 1L
AegER [OMUMAN KIETOYHO “TAHKM 2aDXCAT I COCTEOWRRLT
CARSOCTZ 3THUX IRYX OpoOe “CCo. S Coniz2 L
3 JORGPYHOCTE, TO TOJMMMH~ XNETOTHO: CTIHIL
aZpeBamsApyeT POCT AoV 148, - YyECHACIZAL™ ..

Opr RaMOTAABHOM DPOCTE TAHIEHTALLYNe ST 2 NCIILXLTUL.
He pacTyT RAZ [ACTYT B RS3IHADITENBHOU Crenil (. d0JdTIMY Xarar-
TSpEA OpAMAR KODPeJAINA Merny TOJUUIHO! 3TN CTEHEON i Y Zon-
PRCTOM E EETEHCMBHOCTBI POCT3 HAMOZOHWEM.

Pa3mraayn TOMITEY OTHEIHNX CTBHOY RANCIAIAYUX =JETOX
3&M2TER YR8 B HPOMIOM CTONSTHE Cawdo. Od UeDBHM BHCRA3AN CLe.-
JOHOXREWE O CRASH TOMIEHHW 3TAX CTEHOK C IX BOIDACTH.. SarnHo-
MEPHHE COOTHOUAENS TOMIMHY CTEHOK RaMGIAMLHLY KIETNR CaAlLIc
BLTELIDATADORGA B KOHNIULME O KAROXERIM :I0BOTO CAOA COOANTL!
mocre LOTTOKAHE3A BOXPYT BCETO NPOTOLNACTA 20TGPHE: HTeTHY .

T3 ROSEIMMA, "embaxina concepl ", @ B BaRA THE HIXIT.
#HOMX IocjaendBartenaft. APryMeliTH B JOAB37 KOROERUMM OOSKUED T
¥e, KOTODNO BHIBNHYN CAHMO: 3aBACOMOCTS TOMMMHY TAKTCETANE! "
CTAHOK OT HX BO3DACTS X He WiuBacad ToandHa nalyani:s !
CTeHOK, FeCNOTPA HA POCT DPACTRZIAHMSM.

0T/ A 00 TOMIXEL MEYZY OTIATLAUMK
Zi9TOK, a TaXEe De37NbTATA A2 RTPOHIIN-
SARTAIBAHIY, K2COMEANNC, HOOTINARIINT Gl




CoRapldl, ED oL LIS NCTBeHHAA 28BYMCEMOCTDL 3TCO Opogdeccz oT

LINSEES i2TOK B TIccnenrde I'OOH [IOKBEpPTaeTcA C3p5se380# RPATEK. .
POLD UANCEREHCY B MCPECTEMATHYUE SKEX KIETREX B PASHLY
~32C7KaY RXAeTONL 0O0JO0TX NPOTEKSET HOOXHOPONHO. JEAAOCh
TEMTE, ATO OGSANUNI IO RAMORANBHOY (METRE HeomHcDOTHa
mar 00 CTpogHKa, Tad P OO0 XITMUYECHOMY COSTaBy X ITO DoCNe IMTO-
FRE 23 X2DESXTEpr0 PeTeporedd06 DaaMemeHEa UonfACaXapednoB. K Touy

32 TDHANLBS MITeT NPOHCXOIYTE B MZIMC DaAAEee COTNOXEFEYX OQIH-—

l2UapEnse

: cyee OTCTAKS3MEMYCAd Opemnonoxs:®D, HE OCHADy¥:I-

H210m2KHe DePBAYHOL O0CONOYKA Ha KAETOSHy™ Onac—

: T 023VILTaTe JMTORAHE3a. KnaccagecrEe TS 4actyy

TepRITEIL O0ONOTKE — CLem#MHAf NNACTHMHKE — depBEyEar

" DNIBRSOTCS JIAWME BO BDemI COSPEeBARAY HOBOR TaHT'eE~

G ooTeuml 2 ARNSUTCA De3YASTATOM 2 NPOCTOre BalOXeENA
3pen8pa303aKR B €T} TePeTCPOmKE.

"CEeZ, sponecc pOCTA HAMORERIAEM DDONDNFAETCA & DOSAL

T IS]BEZR KNETOFR 20 DBPEMA YBeNZYeHHA MX pa3wepos. [pe

=3, Ka? 3¢ SDeMdg LENEHES XIETOK, HaGIRIaeTCA HBPaRHO-

STIDZEHZE WaTeprans xKNeTOYHHYX CTeHOR. 00 3TOM, B Yac—

227, ODETSTENIBCTBIET CTEDAHAE DAsSME=Af No TOoNNXHe TAHTCH-

TansHi CTeHOK, ROTODUE 3avededs 3 KAMOZ®. 3 TO Ke BPEMA Oolee

JTUSTIZEBD BMIEATOTCA DAZMIUA 10 TONMEHS TAHTEHTANLEHX CTSHCE

H%!*f ZHTIT3ABA0 DACTYMEME KOEVAME KJIATOR # OCTAJNBHRME KX

Te ey

oCconosire. Cra o0pa3yeTcf y OODEneJeEHHX TRUOB
H2TOMMED ¥ TPAXLANBHHX 3JeMeHTOR, y BOJIOKOH H -

STopRuHCH OCONIOYKA MMEET Denamee SRaveHEe OLT
SPUULIAREND GECENSTONBKCI TONNMHH KAETOTHHX O0ONO9YER, Tax Rk

NGTIACT LS C0CTAanndeT NEIb HEeCROMASRO OPODAHTOB TOMDZL:

CELmInDTaT o

ZRD TOIARS

SIrIITITD 3peroil MIeTXE.
~4370T = MOEET OTMYATECS 2 DAIRMX RACTAY OTHOL ¥

et bisl L V- RS
n3 I0ITEiH OTOTO STBNABTCA  REeOLHOBpPEMeL-

3 Twt. Ondof
TILST T TTES0eBaRILT LTIRUGIGS GOOIOURZ B PalHHX SacTAY.
B Loen AmEa SRS HWPOLICLIN) CUUNT I MOKET HodaHaTT o

CounoTay UleTRM, KOTODLE DaYbwe IPYrEX IAR0TLil:
CzienooTuaYapIar YOMNXY ZePeRLER, HAGPMACD.




)GP&BOBUH’HS BTCOEIUHG:? D00 153 Wil - Lo T2 b J2RTN500H THCTA
TARYTeHT '« IHbHOW CTEHKA I pacIpOCTpaHAeTCA K KOHOaM KIMeTrd I6 e -
OROAYAHAA ZMA AHTDYSHHHCIO pocTa. CACICTAMIM 3TONC, L0=BZTmGh ),
ABAA8TCA CORMEAA TOMHEAA CTEHOK Tpaxedd b UeHTPANLHS! £X qacTii.
To/mMHE RIETOIHHY 060/104E8K TDAXEAIBHHX 3/eMedTs3d 0n7n2
- XOHYAHBA Opol2cca DOCTa 3 Ianb3eAuem He WJeHASTCA, HC 5 CHTe—
SEOENX TISTRAX MOX2T 0 MeDe DDERDANSHHA KX SyHKIDI* JMARRNATECH.
21q ORPBRENEEHHX TEUOB KISTHK BTODATHIX BaGHYNIPKEX Tada:l,
1anpmae D TDAXCQABHEKX E ROJOEFLT' X :—,".‘JME_"!"'.‘Ou,V :capax-yep.—’.a

IATUEGARANHA RIETONANX OCONOYAKR. :JCL2CT o:pexecxeu«x. IR SaChtaitt

JOPA30RAHED BTODHYHHX O00NOIBR, HITHGETCT /e OKCHUALLS

~0cTa pacTAXeEzeM. Tar Xo, Tompodis SCiactmiic LTORUT
MEE, OROCACC DIDEBECHEeH:lT {TOTHiz
SMeDT TYRKHOHBD VLYY UHTOUNA3MT .

3 OTITETe OT 2TOLATHEX JCCINTIX ZUT ANEfiugamhy H2 1i0-—
CLZGEAT YTOMEEEAE KASTO -FHF SCOASTaE: AMIHNEN % TaT
1eTQ Ene CTEHRA uempm::'fa/m‘-x:, HaTiHAs O L21iuHE
SZOGNM0YEE, @ JOTOM < B dOCTEISEHU <6Rac ALisc.. A0 37o.unErd
< SOMIOTKHA .

Atag, BHCORAA CTEJERb CBA3IAYHOCTY _:::::_-.uuom cocTa
TOE K BEX aETERHOTO IeReHHA ¢ pACTIn CcTedli, C:
HOCTD OOCACLOBATEJ/IAED BOIHMKTLAX KISTOX Jal. - :
TApE30BATh POCT CTeG/A O pamidansdudd DIFe 3o Uis
CAHe 3T@ pPa33MeDH XAETOK — CBATeTE ! I Me QLT L
2,OTCA ZeEMEHAMM IPONOMXATEIBHCE 20T I UGl

~

30CCTAHOBREHEA XOfA DOCTA. KA2TKI 1y02 Jocre #AX 35008

BHEOMHADT CBOR YHKIAR B Tadelile CalDOI0NLTATEISHOTY IDCH
spereER (3 upoBonsmed HresMs), 3 IACTE TOTD (2 HeOoelax
dnodwa) OHE TpaHPOPMERYDTCA BT PA3IDYLUATITSR L Tal
3Mg96HAE KAK XPaHKTeIR ZATOPMAMAR ° KAMOM3NBHGM 10¢T”

2. [EPVMOIMIEOCTD HKAMGIAIHEOTC NCT

JepeRra - BaMOOKee NOATO EASYMEE JSTRHIAME. .o 1320THuw
IOAMBDK DOATOXETENHCTBA (Cemadoi - Soase 0
2¥oBag - 6colee 4500 Net) cmmEnetagLoTIRT O ITarT TR L -
*d4eCROTO TOPSMRA) OrpAAMYAFUS 20 L2 LT " Lo :

POCT ZuDCBBAEB B BHCOTY 7 Soil
KOS PR S SOl

THIGTD ID CMADTR.



I I2pese.

5 TC E2 BpPeMF OAS KaMCIaJbHOTO DOCTa XAPAKTepEa IepHe-
cyemoeth. LeDRoIy OOROA CMERARTCS DepAONAMA AXTHEHOTO XKaM—
CEanpE2Is D0CTa. AnT GEeDeBREE YMEDEHGHX E XONONHWX DerdOHOE
IMSEa J2pLOIOE pgoxes & CKTHBHON KAMOSEAIEHON NEATEeNEHOCTH COB-
JamaeT ¢» CM2HOR YOMONHEX B TEMJNX . Ce30HOB I'oda, LY Nepe3ber
3aC;TURBEY 006718CTe Y -CE30HROCTD KAMOZANBAOIO DOCTa OUPELeRdeTcs
DATUDeIoneiien! OCATKOB B TeYeAMe TOna. llepHOMXYAOCTD KAMGEAN:-

L ZaHS§E ¢ HAAATIM OepPAONOB POCTA B 3 STEX ONTAMANLELT
TCRORIA TDOZ3DACTAHUA [EePeRLEB.

[ DOIOMAUTENLHOCTE Ce30HA JKAMGHANRHOIO POCTE -~ OOHA ES
YapaxTeDECTEK KARETEZRA RaMORANEHOTO pPOCTA.

JFTONOTAYECKAE IPE3KARE OEDHONMYROCTE R2MCEAaIBEOID
pdera
HneT#2 TTOKOAMEI'0CA KAMCOHA OTIZAYAPTCA OT RISTOR AKTEBHO .
jedsTeyrie ™0 RauMCEq. 3TE OTNMIEA 34MSTHW ODH -XCIOILSOBAEHA
¥aK CBETCROIO, TAR d 3JERTPOHHOI'O WMEKPOcRoUA. [lorosnmecs
¥.amMCEaNbHu2 RIETKE CEABRO "CONKOieHHY D DAgHANLEOM EaNpanjesKE,
ZMETT TONCTHE pamEankdNe CTEHKHE, OTHOCHTENBHO I'yCTyn INXTONIAa3-
Ky C HeSONLMEME BAKYOLAMA. AKTERHO DACTYIRE RaMGEANRHNE RIETH:
Sosee TIpOX¥e B PSONKANLEOM HampapleHEM. Jlasg HEX CBORCTBEHHY
ATHOCZT2 5515 TOYKEe CCONOYRE, DONOXSHME METOMISSMH — NapKe-
Tanszoe, 74X Kak OeHTD KIeTRX SaEEMAET BAKyOlb.
Q=055 IDH3RAF DOAKTEBAINIE RaMOXA BeCRo%# — HalyXxaEme
3 pezynsTaTe HalyXaRWA DamganbHas WMEPKES RA6TORK yBEJE-
. 2 IBa 2 Sonee pa3. HaCyxaume xaMOEAnpHWX KIETOR Fal-
OnHOBDEMEHHO C HavafioM BECOHHEIO COKONBAXEETT HO BCE!;
; 2. O OTZeNBEHX NepeBb&B ONHOTC BANA X INECOHACAX-
©x7& EsUyX2nm? (RAK B HAYAIO COEOLBITRERAA) MOXeT OTILi-
UYasye 1POMCXONMT 32 HeCKOAbko Helqenb IO pacuyc-
R 3 2TC DM RAMOHAJIEHHE NUIETFER O9eADh YYBCTBHTEN:!.-
AEDOT L 4 BOZNLUCTBYY ADYTEX HeONaronpESTHNX VCROBEH.
.LDoyE mansan wuiyxakde "CTagEed pocTa 083 Ieaerii:
.o DOCT I 3TC T Lo 3pems RO XAHEA HE HAOM0Zue T
~ciL ML p0UT XINOXULISR. YBenzysRme paitafbus
OTON C2IDCNOTTeUTUR yMQHBROHHOM TORUMD,

e

N



i B 6 Plus e Sy N RN et

IOKOS IC CYwecTrBy NMDEIcTrarl. Il CoCu.. JZ 3

OO KOTES” CRILA 0COTeHEQCTAM i -fv,'iaxano':',.:'aecmm xa

LOTODNE ZM OwJLI CBCIICTBEHHK 3
J3BECL.C, 4TO TCCA2 OKOHHAHL:
SCE IRAX ODOACXODAT JueHsire¥Ha
UABTOX, CMODLEHEE #X. [SZ 3ToM O0T=7.
/i@ OIUTIEAKE, XUTOPH? XapakTepHy o113
ZC2 3Td aAdplL. iekei, DDOUCXO0LILIE

WKL 2 X 8 HaI2 ™ 391 0TaAOHEQOTO 1iRJMSIE3,
* na

5T T8DENHUCA YAOHATONPUATHIIC 7270368, Lroserny S ioT
TTIM, QO-BEIAMONY, E2 NDOMCYOIAT.

R EEVIIRY QR B jorc SO

S09an0 I oxOEWAHAKE Ce30HA RKahiCilz

SeneFde KAMCEANIFENX KI€TOX CONTHO
ROJNAKD REOEAL G2 AX F IyWAHMST. UaAMaz o
IBAeHA 3 KAMOLM, JO=BALRTNCMY, wMCTYT OPSE
MEHAO0 ° Hausiow pamBansHero docTa. (6 uTo
CEmBannHiu8 DasMepH fIeTOK 8a0yIQIErs xauCal: soam
'I8THE [0 CBOYM D32MepE’t COOTBETUTBYRT LRATIL.CI
CcrannEne, Codee MelrZe RaMOMANASHNZ MReTHA 72 n2)

BHDACTX.
CospepaHae RIETOR BECHO4 J JARAWL 3UICH IT= en
T3 UOXET HATIHSTSCA C KIOTOK nyda I IpescoiTiu

EQ'7aN0M CO3PABAHAA RJIETOK PAOIMY Z HAWANOM LCO3PeRAHUA KIST:
KCAeMH MOXET UpOXOgETH OTHOCITEIBHO ::po:fomrrensﬂoe BLC2
ZHOTHA GoNee Mecona. Co3peBaHMe KIGTOK ZEDErKO JaTWIHAETC:
vayane angATLORYX nensE¥it, CRezonaTens:c, 3 TOXOAMEMECS K
e TKt MOT'YT HAXOLETBECA B PAZHHX ITAXAT TBOLID LOZ3ITHA. 7!
MOPYT OPOJOLEZATS PDA3MMTEE MOCH? I25497a 00,

AINATUEYYE TeNafdA OCWTHO 3Q3enutoTed DaHblle JKONWEHI:
Zoodacta CO3DePSHWA WISTOK. lC-RILruiony, JCMee 4N MeHd2 077 .-
JCi2HHO ¢ OKOHMamieM meslerZd 33p2piae’
110C18 OFOHRAHYA 1eNeHaA{ He HACTiIia7er 73n
DE3LEPOR HAMOTRNAHYY HKAETOK.

Japexon RNMETOK K MOPPOAOTHIELCKILM J2ETHE! :
- A MTOXDAMATOCS RAMCHA, I304CKOTUT HAERUTODON Do
SUEAMA SIATRCCOD S03023Q OR Tn2T L LW Toouw

5
oo




e LemlLlNiRiat LS TLILITNULS 2R HIT St

3AY70Nib NBJETCA HA ynnzseaaLe, Beper,~
HOTODES TO3Xe NMD2DPALENTCA 2 MSLKZY, TI257=

IpuKe aayjoz/

.3. LCONONZETSABHOCTE - 23NKA KdAOZBﬂLHOFO_pOCT&

2 NCMBUEHCTBE CFySaeB B JDAKTEKE XCCNENC 33RM} RAMGHAJIBHOTC
ALCTa FUOTDECARSTSA JONHTEE “"OPONOAERTE IBHOCTE CEI0HZ RAMGHE~
. AXTHIHISTE". (HG JHNEHO ReTKOTD CDNEDRAHMI, "8K KAR

NG GZTOI2ME TOIRYETCA IO-PasHGHy. B XaZIOM OTHeNBEC:
2sIeDEIBHE2 ITCTO LOHATES 328BKCET OT RORKDETHUY menef
OBOMMA ¥ NouMeHe:noX mexeuth.

JATONCTINSCHR Y2ms F2TAN0 TeSTENSROOTY KAMCEA ONpelellTor
17 TOr3IEEMY METCTUISCKIX BMTYD, 3 OKOSYAHNE — OO HX MCYe2HO~
rialanc d CROHYaRMe EamOEANBHOTO NEenemds TaKzZe MOEKFO

Joue Zsiaza £ OKOEYAHEA nenegzﬂ ®IeTOR, ZNA OTCYATA OPO~
_JIEITEARMOCTE C230K3 rawdgaibiiofl SKRTARHOCTX ZCHONLIYDT MOMEET
1iSAK2 © 3aBEpeESA DELNAJNHCTO POCTa AN HadyXaume RIETORK
522H01 I CcMODmERRE OCeEsD. B EEXOTODHX clydasX (HRCEDYeTCA
LIOM2IIT HayANa CO3DEBAANA xIETORK BECHOHR B OROEYaHHE 3TO0 Mpo—
l2CCd 0CEHrE, 3 TO¥ YZECIS HAYaN0 N1 3aBepmEEEe Nponecc3 BTORET-

X070 YTOMACHRS EIeTOTHNX OCO0JIOYeER.

> i

Tavms 06Da30M, NDE COMOTE DHTOJOIEIECKOTO METOLR DaSiumE
£2TOparal CIpemeigeTCA GDOIQ/ISMTENBROCTE CESOER DASIMYHEX po-
T2CCHB X&MOHANBAECIO pocTa. dawfonee YBTEAA ETOXOTEYACKAs
12DTHHA YalomasTCAd PR ONDereJyieHEE MOMSETA HAYANS ¥ OROHUANESA
S BAORANRAONC denegEA. TOIHOCTL OUpegensHER 5TEX MOMBHTOB He
~7ANaxX0B2 BECHOl B OCeEhD. BuHARNEENG HAYAJA NeJeENS RJIETOX
zzcuof He CpercTaslseT 0COGHX TPYIHOCTSH. KomMdecoTBOo RIETOKR B
L2JTanhE0N DFRY KOLbUa ce30Ha BacHoft HeSoaEmoe. OHO OTBOCHTEN—
77 wane BapLADFCT 00 OKDYRHOCTE ONHOT'O E TCTO X€ CTBOXA.
DUTRIEAS ToHON LOTY 32BepueHUA RAMCGHANBHHX NEJeHEI ~
ToIEuL R0LLMG CIOXMSGE, ¥ TOIHO0CTRE €8 onpenelacHEs Be BEMHLR3.
Repenxd TDPCICTEUTEILEOCTD CE30H2 RaMOManbHON ARTRBAOCTE
0T G OTZeACEHS KO OT mpeveciTiu. o Zerxomy OTIeaeHuD

o0 pelenaioT Ha4dno C2TOHE2, @ "G 3pAMSER,

— g mre—
JIDOTED,

Tolix Zacils



HWoTod «0pa H2peCTdaT JOTCTARATE uUT gPenecCihu, -~ DKCHA =8 Cg—
3CHA K..~IHANBAOft AKTIBHOCTH . MROTORDATHG HACHVNAI2CH, TS
2CAMS NETL I'0 OTREeNSHEA XODH HEGTZHAeTCA 3a BECROAsKO Helejib I
53vana 12A6HEA KaMOHMABHEX KJIETCK, KROTH2 ID0ZCYOIAT RsCeiHnza
sa6yAuHIe RIETOK. Tawvoe ABNSIME ENONEe OCBLICHRNMG. YBeMIEITi
Z5JRANEKEX Da3MEPOB RNAETOK NMPE HAGYYARME FaMOZ4A COIOOBCATIATC.:
CHZZpHTE VeXAHARECRON GLCUHOCYZ DaIianpisnd CTOH0NiE, TaY 1UT2
IOCTATI7EO IQMNOSETE HeCOoAbIME YCHIES, UTOCH IWNIaT :
STUHCE. HO0p¢ MerK0 OTWENRETCA B Te3IEes, ED Bpl.A I2R2HW
11i2,00% I JEQIEDEIMBEOBRA TRSuel!, Ho 3 CTO 2pewA DE3nye 4ret
125N 2CDESOM O wWieTxaM, KCTOpHC ZOCTATY CE0il i
33MALon, HY =58 C6pale3ajiM em9 BTOSUTHIL COCA0TET.
drew, 7erxoe OTI2ACHNE NOPH MORET SuT> PAIYVIALTITON

T IPRUENSEALA CTENEHH ﬂaoyx.-mz_ XAMOSRNBHEEK KISTCK, RIZu raIin

TIRITG PACT2 WIETOK. 7 DA3H&X IWLUB JELeEbed ITI2JSHRE2 ol
ZQITHAETCI. ¥ RABEPMAETL.L, TO—BETUMOMY, = D227 aius 0
<aMOELARFOY Z@ATERBHOCTY IpX 7ACRONR3I0BALW 3TOTD =
I0JeN0R SeC AMEeT TarXe T CyOBS2KTHBEOS IDEISCTA3NeH:E
3aTend o "1erROCTR OTZENt i xoDW”. OREeBUINO, YISO 007 O¢
28ChMA HaTOYed H MOEAT SWTh HCAOAS30BAR TCABXC HAL TDICIEGH—
TOJBEOTO OOpeqeNeHAA COCTOSHIT XdaMORANBHNK A2TI, HO <13
TOYHOI'0 BuABNEEEA MOJEHTA S35ana ¥nd 3aBepIviils XauCHaAbEOTS
pocTR2 OR HOOpEaMiIeM,

YHoTTa MpOJONXNTEALACCTD CSACRA KANCAANBHO' AXTABHOCTY
ocpeqendeTcd OO PEIYAETATAM BHeLMETO OGMeDA CTZONa 12DeBa.
PasyMeTaTd BHEUIAWX OCMEPOB IAaMeTDa NEePeBBEB B BYICRQI CTome:y
33BACAT OT I'ENPOTEPWMITIBCKOI0 DEXGLIa DACTEHIIt T He ABMLTOTCE
ANOKBATHLME A4 OOPEeXeAeRMA IPONOJEMTENSZ0CTA XaMCEwans:HGTS
pPOCTH.

Panee oTuewanocs, 9TO OTNENRAHE TDOOECCH XAMCRANBECTO
pOCTa: TengHEe KROTOR, PATAANBHANY DOCT, FrORmeHHe SI8TOUNNY
odonogex - HATWEADTCA BECBOY i 32DepmawTC OCEHSD HEOTHOSDe—

UPOECCOR DOCTE MOXET OUTh 3HATATENLHL’ m'repa'm 30 TReMRNs
“roMe TOro, OPEemIONATABTCA, TTO JOCRAROGATANBHOCTS 'niarm:
(I 2ABECTeHEA) OPOMeCEND DOCTA MORET OTAHYATH! °
XT0B Eoe3ecHUX DAcTeHmil, /ACXOxH A3 3TOLG BEAHOHR )X
723ZH73TH MOMOET H3YaN3 Ja0VXAMIA 0,304 DOMTANSEOTC ™CTS




ILHIOIO Ien2il Ra/ 00 AL e T, Saina NibHl o {XJC'I‘.’;‘I 2 ZE4andc.
DTOPEYHOTO Y TOJMNEHIT FNETOE. COOTDE’!‘CTBS’WE MWEeATd ORORY&aYHdA
Xa&OHANSHO Y NeATENLAOCYZ CHELYEeT Daz:iEgyaTh OCeHbdD.

BMeCTD TELHiHa CEe30K XaMORalsd0#t aXTEREOCTE" ClegyeT
TIONbL3OBAETHCS TEDMMHALM ,ROTObHE OCNee YB8TRO CRAZAHN C MOMaHTAME
Havana ¢ OKONYAHAA OYPeTEeNeFHHX MDPONecCOBR RAMOEAILROTO pPOCTA.
CrpegeEy STE TepMAHE CHenyWnss odpazoM. "CE30H anmTEBEQOrO
TeKeHIA 1NeTCK" ~ NEDPAON MERKNY HedYainM A 32aBepmeHAeM ANIATHRIYY
Zeseurd. "CezOR pagdanbdcuTo DOCTE" - OTPE30K EPEMERd Mezry
HEYENC.: & OKOHUaHMe: DAanMalbHOI'0 DocTa. "Cez0H pOCTa anmosmihe?:’”
~ 25607 veTHy Ea7alioM ¥ 3aBeDUeHMeM VTONNEHEA BTODAIEHY 060-
Acser. “(ezod KavORaNbHOIO poqga" ~ [JepEpr, B TEYERHUE LOTODOIC
iIM28T M2CTO J1o00¥ noovece kamOEanLHOI'O poCcTa.

IpononFuTeNLHOCTE STEX NEDHONOB C NOCTATOYROM TOYROCTSD
400 OnpenenUTs TCNHAKRO NPT OOMO(E IHMTOAOIEIECKEX MATOIOB.

Z.4. £agano JeneENA KIETOK B DA3KWYX YACTHX HeneBa

PV NN

OGlienpi3Hano, YTTO FAMOA&NBHOe NENEHHS KIeTOK Y paccesB—
= 0—COCYIZCTHY H3TA0LbHHX NEDSRBEB HATMHAETCA BECHON y amERANEHLY
7109ei £ TOcJe 3TOro BONAa DepBuX HaeJEHR{ pacHpOCTpaRfaeTCA
£33P0ETaNLHO0: BHN3 QO BETBAM, OOTOM -~ IO CTBONY M, HeROEeD,
ZOCTET2eT ropEed, ¥ B3POCIHX DACCeAHHO~COCYNECTHY NEDeEbeB
3Ta DHMTIFAIEE XKAMORANBHOTO TONeHEd MOXeT IVIATHCH Naxe conee
vecsa,

In uenoMy PARY KABHWY, PO30CHOBNEEES N8NERZfl 7 XBOARWX
IoDERAEB IPOACYOrMT Tax Xe, K&K ¥ DACCeARNO0—COCYIRCTNY JECT~
DEeHEYX NeDEeBbEB, HaTUHAd ¢ OCHOBaHMAA IOYEK, K NOTOM pacupocT-
p3RzeTCS CA3MTeTANRHO. EXFHCTBEHRO, Y XBOMHWX fepeBheB G22H~
JerTanrs0e HepeMemerAe BOJHH NeNeHEAl ®XeT Topasmo OucTpes. J
Z0JBAM;CTEZ EANOB XBOMHHX NePeRbeB FHEMHMATEA KAMORANBHRX Ie—
ASERY 2a:miMaeT B2060bmolN OPOMEXYTOR BPEeMeEE, BCETO OEOJO

ve Jens. ’

Togodiad TOIe50BATENEHOCTh DEARTHBAMME RaMCGHGNBHLT Te~
resMdy, DIHaRC, He O3IHAYaeT, UTO Cawye OepeRNe IeIeHEA B CTBOLC
TUOXCXOZAT Y OCHOBAHAA TeDMEHANBHOY MOTRA. Ileno B ToM, TTO
-ATSAEE KIGTOF vy OCHOBAHEA AXKANBHNX HOYER Pa3dhX sersel

L LRKZOTCA B pasuie 3pens. 3aMeqeHo, 9TO Y DeNoro pARa BANOL
COpBLs TeRea DOOSCXOQAT Be B BIDXEAX, & R gonse RX3IRO pac—

TO



DoaaiNX BeTDX. apeiedoal ST 00, 1T Hellaallsid L e .
ZHCHOY . WHAETCHA C BATBe!!, KOTOApYS AMeoT HantoIsIdil <)
3ec LACTBL . [loTOM Z@NEHRI HATWEIGOTCA 3 LeTBAY, [ICIIG0REHN.LI
#I%8 4 3.M8, 2 B OOCAERHEDO 09EDErS - 3 TSISIHRTBHNX (273 X,
Hayano meneHlt? B pagui¥ r=asT=2X OTROIA 32B8ACUT &7 LaC-
CTOAAA RAXJOT'O OTOBABKOTO YHACTKA OT BeTES, 0T /LUl 3<733V
T 2KOLOCTE M(SIIMEleHitT BCAKHH SROMTUIZATN [LwilABNEHLN ISI8HT ¢
Td ASTETH 2 CTBOAF A 3700 CUSPOCTI 5 o7
3 OROTOCOC TEISEMe WIETOR HE'md¥a<Iol = I
IATEN2, qeM Tyuefezamua. .l cueinlT
L0 OTYTAX B2TReNl MEeESue, €3 oy
HIZTINC HAMCHEATRILDY QeNelt® I 2T3HLIY TonllE
X 277 ZacTRX, CEHaKl BO2AMOEE:D . IoyTY
CGASTOK 3 0IICAS COE2H AS
F3ZTCALMYY SICMMDITICHN T TOB2LITHOT
TI12HKY IR8T RAK BENR, LoE U 2RoR¢ N0 OT3CI. JTO CEpaTLUmaIL
#a%aia J2M8HZHX BREPX U0 "TBOMY IT102TCH T
LAYETZBANNN JejeBAlf F CT Jhc § LCOHIBI P w2t
Oo odZenpeHATYM Cpe. JTA3NeHAT!, GE2KTL
MHOIO OPOME@ ODOTER2ET Yy KONABIBCOCYTZCTHT :
N2 I8EXA BAYAHAUVTCA DOSTY OLZJ3pedeszy ID 3.
H3Yy9eHEH DEaITEBAONMA EAMONAMLHEX LS18iEy’
q70a PASAWX BO3IPACTOB SWRX CIeIaHk IHE2 2uic .
9T0 B OKEONETHEX BOTRAX 7 LF0& daoh44asr*~ fetetnt
TQILHAR DeARTERANRT RAMOBANBIHI T312:4v%, 3 3 ¢
BETDAX ¥ B CTBONE — ONHOBDEMEeHHaf. Jca TINA NEET
OCEApyZEBH K ¥ DacCadBHO-COCYIMULTATD TIZa = dyza. oh s Joen
HaY PeAKTRBANEA Yy OCOEX BANOB 33aACAT OT Ia8KTSASRL T I
a ogHoBpesMaERAd NDOTeRAET E B CAyYae yUaneimXT JO%sX.
00pasoM, Bpemd HAYRJA OOASHMA RJIETIX 3 Da3u4X sacTaX 120
3ARRCET OT BANA, BO3DACTA OCOCHE, BYAMHAX YCHOBU QA T.o. [UITQ
¥ DACCRNEHO-COCYNRCTHX ¥ XNOIEUY T8PEBBHEB TPAKTUHICHT NZTo2 170
GajiTy EaR¥e-TO NPABRNA MAA BRIPCISENT C51 QeaRTAA=I=M IC
10pesy.
B GOXGLEEHCTBO CHXyJYAEB MOME:T NaTafa KeMO¥anbi ol 7171070
SeHmBAETCA 00 @O6paslaM, B3ATHM 9 CTACIH ©Q 3ulsy: 1,0
LCpHAEBOX TefKE. 3TO cavwse [mOCHCY MALCTY INA DoeThr o T U

N

3

Z3eTod 20T 3




L0, TO=BOIALOMY, DAHY AT CcaMu P2CJaTO0DMATHLNI( M/ Sul2sidd
“SUBRTA KaYane RAMOMAMBHO! T20T2N5K05TL. [AHHYS, JonyaesmHe
NKONO OCHOBAYE.T -ZT8OJ&, CHOPDEE =COTBATCTRYRT MOMEKTY OROWYAART
SAAKTHBAMA FaMINansHo ;! 8.ITRASHOCTE £, MJEmDiuTeNBHO, . 3afETT
2K 0T MCH2HTA Hayana 2Torc opodecca, TAK { €TV UpPoRdASETeNb-
HOCTA. LJDITSJBHOCTE Xe NpolecCa DeaxTEBAAY ZAMOWANLHNY TeJeHH:
CTBDEBHA BCeM UAPETACNEHALM BHMAY DA3IXIHHM yCIOBHAM DE3KTH—~
DArEd .
IaeEnA JACTO OGCYIUASITCA CBA3L MAXITY DACCYCRAHEGM I03€H

A 46I3A0M RAMOZANBHOIO pOCT3. J DARHHX RBEAOB NDEBOCHYX PAC—
ragTl ;)aaitdq:uo BpEMsi 227aRa ugowcca DeanTY ol KamiEA, ‘Id-
CHASTST 4CRATD
“Z & He'2M0M OTHODN. TDeRE—
3 AMSE=2 JANLHAA R.2T
SaTI EIRMaHMs Z2 JaHRdHe, 1CToluUs OTHC-
2RI) LECCSCKLI2M 2098k A 3peMar:iy H&Talla
MERIY PACIyCKAHYSM L0'i2x & dadyXaHa il
SICCMCTLEN DE3YVASTATH ACCI2n3BaNAN.
JCreEdey MOIeK A HATAMNN I212HES
0 7 FOMARALBHIX JIS2n. L1 2CeX
TCTINRLBAEE0, 470 Hadaas Ren3vmi E1eTCX.
5T 237K, H30/L0ZAETCA 3 HECKOADK:
5 ZoCEPYUTASN ODFEN. «HOTIE ITasHue O

. s&1gda 12168 WIsTON T OTIeABENX LiIO3
ST LITEINM X o,o=wETDORCM 3§COTEe I7TBOJMA, T.2.CHX

TTIATOST INTALIT MeTIV ZeTiNS JMEAMA 0 HAYANY XAMCHANATNT

DOISEDIY LLWIZT Yix 9TOM rIAaCTRLe. OTI DA3NEYEq 3 OCHSBHOM
SOTRATIELT D AISCTD AUNMEHTAZOZGHAMAM JAARNUME O CQ3JATRSY
T2RAAY (221X YUIeTOR B 83BN IaCcTEY 2U213a.
LU2SO0SLTUICTHY ITtRStsheE E3UadA0 qenedds XNeToT il
;ST ¥OOTH2BOA Telbir coBOAafAET € DACTIYCRAK{eN

neT erd, a4 ¥ TACCSIHO~COCTIACTNY I37233eB
ZOTHEIX TGIGHLIY SoEWHO #AcogaeTcd TOrda, HTTI2
T ZOSHOCTS SXE DAzZBITAa.

2LGTPR,2aTs Dacrlnrarfe IoHeX A I2J3N0 D5~
[ AR OT AMX, TO OpPOCMETDEBAATCA H800CDSICT -
DZAALIRL, SO FACH®IaTS 32 HAaUA10M RAMCHANLERY
CIETh ST o a7, T2 0T 2JAMMOCCRT2E 7 VMIIOTEX RAID




TEPAETCA. PacaveraHme MNOYEE OXC~ CAYRITL § FAUCCTRe opAek—
TEDPS LJA ODpefen8HEA FII818 [EDHONA PEaARTHBANIE RAMORANSHEY
IeleHnyi, a Ha9AXO TEeNeHE) ¥ OCHOBAaHES CTBONZ - TN oONpeneleMi:

MOMEHTa ORORYAHHA mponecCa DeaBKTHBATAH.

2.5. OroFgas®e RAMGEBJILHOIC DOCTA B DaBRHX YaCTAX Kepesa

OxofuaHEe fIPOOECCOBR RaMGBANLHOT'O DPOCTE TPYNKEe NOXINAET-
CA M3IYIeHED B MeHee HCCNEIOBAN?D, Uen xadu:iio. SecciopHo To,
‘TT0 B PASHHX 9ACTAX Hepesa RAWKANLHE DCCT 3aKawMBRETCHR &
DASEOE Bpemd. B GONNIEHCTEE CNy4aeB OTMETEHD, YTO ‘3aBEUeHNe
IpollecCOB RAMOEANBHOTO DOCTA DUOHCXOZAT B TOf Xe NOSNenoBATeNE.
OOCTE, B ESKOfl 3TH OpolecCd H&YaiECh BOCHOM: CIeDSS RAMCEATL—
S48 pPOCT 3GRENIMBANT M3JKKEe BETBU, OOTOM CIERYyJT 50Nea KDYIIHKE
f nanee OKORYAHEE ODOOECCOS NOCTZ KOAT B Sa3fNeTanbAoM BallpsD—
NEHRE DO CTBOAY. Bech Oporecl sasemueilEs RaMOmAaNLHOTO DOCTa
{or BeTBeff mo xopMel) MoxeT rnuTaci 6... 9 Eexens.

B OTHeARENX CAyYasX §a3ziil’ ransioe HaTDARNEHEE 3azeDLe-—
HEA EAMON&NBHOTO pOCTa He HatnwuseTcsA. Hanpivep, 5 monzs-
1eHEYX NAPERLEB POCT Yy OCHOBAHRUS CTBONE COHYHO XOHIALTCS
DIEEME, 96M ¥ OCHOBARAR KPOH:. Bd2MUeTankfas Hampaane:HocT:
KapymaeTCR OpE O0DA30BARER J0-HMYN TONETHHX K2Jjed TDeBeClYs.
CHE IOpE GRalONpETITHNX YCAOBASK POCTA MOTYT oCD&30BaTHCS B
BeTRAY, B OOTOMy BETREZ TOCNE EEMI 3aKaHIZBanT KaWdZanbRd DCLT

JorCcRE (eHOIOTEYeCKEX NPiIRAX0B, COTDOBOZIATIEX MOMEAT
32BepreHNs RaMOEAERHCIO DOCTE, OOWGHO He 140l TONOZUTeNRHOTC
facxons. [o-~BepmdoMy, NOXEAD OJTH YyATEHO TO, TTO 3aBepiexae
EAMONANLHOTO POCTA S&HAMAST ONpeleNler=yi, LOBONSHO OpORON-
SETEILANS ODOMOXYTOR BpeMmes:. fe NCRMmYeED, <TO Ealand Ipe-—
70¢Ca 3aBEPUSHAS RAMONANRHOTO DOCTA ¥ allexCOs 327BeY CRAza~
HO C OROFYAHREEeM Lpordecca pocTa 3eTBell 5 ILMy. UaKORGMEPHOCT:
JOCHEROBATEILHOCTE CROHYAARS RAMOKQNBHOTO DOCTE eme HeaenTi-~

TO9HO DACKDHTA.
3. B30HH CTALORIFHAA RIETON KCGLEEMY ) M.C3.L.
PaccMoTpeHRNE DaBee MDOCRSCH DOCTZ! LERHIC MASTHE
Z COBePXHOCTH ¥ PUCT ANDOSIIE2? ~ d0 CymMesTBY, NefaiTeplay

TOK Da3W pOCTAe RNSTOX PACTS=xi: 3IPLOHLBEY, DAST.Ih il
CADADEHMMPOT Y, BEINENCHHLD LI VOOM Cawcey ¥7 o
a22J03RKe XTI BOR:a. .




3BEQY BiECOKCH OTemerd BEXTODUIOBAHHOCTE KAMC:IATRHOID
cocra, RAGTER, rOTODHEe TPOXORAT OHSPEIHYyYw CTAamEsd DOCTS,. pac-
TONORAHEW DSMOM 3 DanZafbHoOM DAX/ POLCTREHEHHY KIeTorR. OHM -3aHA-
43eT ozrpexenetcwrjft'o'rpeaox pARRaABHOTO prua. Acxons Wa srToro
SATXANBHNE DATY XNETOK YUOOHO Da3Re/MTE Ha 30HN CTIRORNSHES
ZIeTUR RCENSumM A Sn0aM,. TarnHde 30HA BHIENMIAChE KaK Zpd ECCnANS-—
ZQAM. MODDONOTHYaCXAX ocoderyocTa it PEIBRABATMXCA KISTOR BT0-
SATHAC IDCBOANXX TKIHER, Tak A LOK 43596HTM CAIOr0 Ipogecca
STOHORNOHSA RISTCK 3TEX TRzHed. MoResrIpoBaHZe MEHETEXE KAMGHA Ib-
derc  pOcTa Ge3 9ETXOTY SWIENAHAR 3THX 3037 BOOOME HA IpaN-~
CTI3N9ETCS ROINOTHMM .

Cosamas 4 TepMaiu, LohUuweRdeMHe 3 dacTosmel £advTe, Iper-
ST2ASHH Ha ICYRIXe (C5. 24 )

LI WaMOKSABRAaf 30HA

£aMOU2N8:aA JOHA ~ OTPE3OK 2andansiioro DANA E1eTHX (ZIE
AASOYITIHOCT™E CTIZE3KOR DATAANRHLNX DFIIOE) lexqy <noamolt I xcz-
3307, 3 KCTODOM OPOZCXOLAT AMMATHEAOE Ie/ledde FNeTOR.

OcrosrAoe CBOWCTBO KAMGEAQABHON 30HY — Harame e Bgraxcy
RETOX. EIOS"‘O‘&_,‘ IDASOE 3TO 30HN ONDeNeNTDT RE_ermwO 10 BEMEIAD
g71300. CTHAKO OMAR TONSKO YUeT XeNANEYCE TNETOK s0ZeT IpPE-

3TH K C/MEXOM WEDOXOMY Da3MBUIEFID paswn 3TO.. 30Hx, Tax
Z3ER ToTepeTHye TeNeWWdA B KIeTXAX DapeyGIMH MOTYT Z4eTh MecTo
T332 3 BYDOGUMY mIeTHR2X¢. Kporxe TOro, MUTOTHIACKEE FATDH
MC2A3FITCT TaKIe Npd FOIMUPOBAXIY MHOTOSIEPHUX RIETOR.

~DYTCH nriocod ouapedeNeHZs TPARMN RaMOHAJBHOZ 30HM BO3-
LIRSE 10 DEIMANLEDN TMDWHE wi1eToX. UleTra RaMORANIBHORX 30FY
Z2DANTEDTRILITCY HASO/LDO% PATIANEHON UIPEROA, OHR RAK OF
JTAQIeYy S JArZANinHOM HANpasieHi®. 370 DR3YNILTAT ITIETERHENX
TR, IOTSMARULIX 3 XAMCHAMBHON 30kKe. o 3amepmessm 5TEX
LZneXdi farZanbHaR WApMN2 WIETOR 3aMeTHC 203pacTaer.

T ueniaTeMaTISco CBONCTBAME. XIETOK RAaMCEANRHOP 30H:N

TICMO CBOTANH i HASKOTODHE IPYT4e MODGOIOTEYECRES ONE3HAKH,
FOTRDHE MTHCTZ3 FCmoJab3ywTCA OPE ODECIN3ETANLIOM OnpeneAemEz
OOUEY RAWCH2S N0 20u,
1 SoHN STHKIEONAALH0 Heogsonomd. o
SOTINANTINED LI GPASHAKAY 3 PTMY KIETOK SAMGZANBHOY 3C3H
: KBTYA 2 ITDDILA UDIth2AANE liavala aEtoe-

‘—h.""" RS 0"«1r
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CSHUNPOBRA 5 JAUMEHTH xCHjevw Ana fxoasmd, 8 B ¢p8gHagd “aCcT¥

~ RA8THE, Yy KOTODHX OTCYTCTBYDT RAKEQ-IHOO TPH3HARA mAdxhe—
CEHIAPORKA. i{CXUXA %3 2TOr'o Pa3MEYApT 8 RAMOEANLEO1 30He 30HY
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B.A, Banoguce
Hu-r Guonorma AH JlarslCP (Canacrmunc!

BYARNEHUE TEMIIOPATEHOR CTPYKTYPU KAMBHAIRHOIO
POCTA ¥ JPEBRCHIX PACTEHK!

Cesonmuit xapaxTep xaMmGHATBHOIO POCTZ APEBECHHX pac-
TeHHA B 1uepeMHuX, GOpeanbHWX M apuIiuX perHoHax 3emaw
JaBHO W Xopoulo uapecred, [lpogomruTenbHoCTh ™e ce30Ha Kam-
GHANLMOTO DOCTA M TEMNOPANbLHAR CTPYKTYPd CKOPOCTH BTOrO
pocTa Mo Ce30Hy, & TAKKE 3JABHCHMOCTL OTHX Moxaaarenri
KAMGA2.TbHOR AKTHBHOCTH OT DHOOTENHKX H 3KJ0reHHHX (¢akTo-
POB WMCCNefoBAHWO MONRNANTCA Henerxko, TeM He MeHee Taxue
naMibe HMeoOXOAMH ANA pemeHMA PAfa TEOPCTHUSCHHX W MpaK—
THUECKKX BOMpOCOB. HampuMep, MNA BHACFERMA BAHAMMA noron-
ta~ ycnoswdl Ha kamGuamsmat pocr[28; 4I], nra coraacosanmm
PHTMitKM poCTa MOABOA ¥ nprsos (8], a Tawxe BO MHOPMX EpY- -
I'MX CIyuasx. i

3afaua MACTOAEro kpaTkOro of3opa - KPUTHYECKH oue-
HATb COBPEMEMHOE COCTOAFWE METOJMKH W3YUEeHHA TeMnopaib-
HOR CTPYXTYpu HexoTOpuX nokasarenedl kamGuanbHOro pocCTa.

lMonaTne "poct” uerko onpemenexo: "Pocr - HeoGpaTH-
MOe yBeNTAYEeHWe DA3MCPOB M MACCH Tesa, CBA3AHMOE C HOBO-
06pa30B2HHEM DJEMENTOR CTDYKTYPH oprauuaua"[zg. c.40]. C
LMTOAOrHYECKON TOYKM 3peHnA KaMGHANbHEA pOCT CJaaraerca
M3 LeneHUA KJISTOK, poCTa KJIETOK B MOBEpPXHMOCTh M pocTa
annoampen (3] . My PaccMOTPMM TOJbLKO POCT B MOBEPXHOCTL A,
BBIZY BBCOKOA CTENeMM BeKTOPN3OBAMHOCTH JTOrO pocral2],
panMasbHui pocT B NOBepXHOCTh., M3 MHOPOHWCAEHMHX MNOKA3a-
renefl paguansHoro pocta[3]ynemmd BHumamne TONBKO MPOROA-
HATCALHOCTH CE30HA pagHANbLMOr'O pOCTA M CKOPOCTH palln’ b=

HOPO pocTa.
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ettt Lo JENTeABHOCTH Ce30Ha
TaRingeD I mocTa

JIRMTENBHOCTH CE39Ma PAJHANBHOTO
.o HTh MOMEHT HAYAJA H MOMEHT OKOiH-
7 s 0 HACTYTIIEHWM DTUX MOMEHTOB Cy-
giia : ¢ iareHMA KOpH OoT mpemecuum[9;28]
.o . - .- woro ofuepa cre6na[8; 25; 42;51],
S.T. C.I0PMYECKOr'C AHAMM3a KOAbua paji-

3 CNOXEH MO TEXHUKe BWloAHeHUA
g <:BATHHE peaynbraTh., ZHADNSHEE MO-
; P&MANBHOT'O POCTE OCANXTETCA
23 *JOCTBEHHOro KaxfiaabHora pocTs
4@ KNBTOK W YBCILNEHMC i1 Palu-
4 o0paTHWH mpomECC HMZE™ MECTo
.- zamGuanbHod akTueHocTy [33;47] . Mo-

¢l

o

LUy TOnL & At Ad WHPHHE KOAbOG DEAW-ATHOTO pac-
SLOCYIUTL o RSUWIIISe 0 LK JaBepOeHMK pazdan!.Hooe nocTa
("2Nb34.

Pelyul TATY lau.. nSoNeQOBAHHA, MPOEEI2HMEX He pacre-
vuAdX Pisci wbies (L.) derat., Pinua sylveatris L., Popu-
Tus tremula L., Betule pendula Roth, Tilie cordata !1ill.,

uercus robwr L., 3yringe vulgaris L., noKaawBasT, wToH MG-
HENT HEYANE PANMAdbACT D pOCTa HACTYMUET LpaKTHUSCHH OfHO-
OpereHHO © HANAI0M e leMiA KAeTOR B aubmanpkoll Jode, =
JKOITVAHHE LEJIElMR itaciok COOTBETCTBYET !‘CuCHTy a3epie:n
PALHANBHOTG POCTa. Nakliuie WM OTCYTCTEHE JETHLHKCA Xne-
TOK B KaMCHa1bHOW 30HC UMTONOIHUECRH TCWHZ onpezenumo[is;
34; 58]. CrenoearesbHo, NPOROKHTENbHOCTb CE3CHA pumiafiz-
HOTO POCTA MGRHO ONpEUENiTh MO HACTYMUICHWK MOMEHTOIE HAana-
8 W OKOHYAHMA KJAETOUHBRX JBNeHu:T B namOuanuHofl aoH: .
liepeaxn npomoaxuTensHOCTh CedoHa "KamGuanbkoll axTHs -
HOCTK" BHABJAOT MO JETKOCTH OTAENSHWA KOPH OT HpeBecHHn
- [0 JEPKOMY OTCTABAHWY KOpW OT APOBECHHW BecHoil onpene-

JADT HAYaJlo, & MO BpeMeHH, KOrAL KOpa nep2oTieT oTITR-
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BzrL 0T NPeBeCUHW - 3ancpuenve ceaoHa. [lpu Kcnoas3opaisin
9TOFO npucia Gonbmod Bec uMeeT CYGBEKTHBHOE MpE/ACTAB/ICHHE
KQAROTO HCCARS0BATENA O "MerKocTH oTAeneH#A xopw". To,
UUD PE3YALTATH, MOJydAeMue NMpH MCNONAbIOBAHWK 3TONH MeTonu-
K3 DECh4A HETOUNH, MOAUEPKHBATOCH HeomHokpatHo[5;56) . K
TOMY %@ OT/ieTeHHe KOPW HeDOAMOMHO CBASATh ¢ HAMWYKEM On-
peneacisoro npouecca xamCuaabHoro poera. Mworwe wecrefgosa-
Tea¥ ©ooranT, YToO DPeMA JEerKoro OTAe’SeHVA KOpH HauMHaeT-
T 53 HeCKONBLKO HCOenb N0 Havana nedeHdd kaMOuanbHWX Kie-
Toir - TOrga, KOTAA NMPOMCXOANT BeceHHee HalyXaHWe KAeTOK
L17 40; 56). 3To BroAHe MOHATHO. JDENHueHHe PAfUANbHEX
PGIMePOB KAETOK NpM HaGyXaHwd COMPOBORAAETCA CHWXEHHEM Me-
£HiKUECKON [IPOYHOCTH Paj¥anbHLX CTEHOK, TaK YTO OKAJWBaeT~
21 [OCTATOUHEY (PWIORUTh HeCoJblAe YCHAHA, UYTOOH EHOBATDH
ax paapup. Kopa rerxo oTReARETCA M Noaxe, BO BPeMA ASNEHWA
#acTok 4 Auipepedumaumys rraHe, Ho B 370 Bpema paspus xae-
TOK KAET JIADHAM O0PA30OM MO KAETKaM, KOTODHE AOCTMIM CBO-
uX MAKCHMANBHRX DAIMEpoB, HO He. ofpasoBany ege BTapHuHOR
ofionowi. ¥ AMCTBEHHWIM, MO-BIIIMOMY, OTAGNEHHE KODH HAWH-
H1EeTCA TOJbKO MOCAE MOABNEHUR KNETOK, KOTODHE HAXOLATCA B
fase pacTANCHMA, TaK KaK Jerkoe OTTOp=eHHe Kopw. Harogaer-
Cfl TGABKO Mocae Havaxa mexewss kxerox [13;14].

Hrak, nerxoe oTnenesne xopu MoxeT OWTh PE3ynbTATOM
Kax onpeAsnenHod creneHH Hayxanua KamOHATBHWX KJACTOK,TaK
i PaRUATHIIONO pOcTA KMeTOK. J pasHHX BuA0B pacreHufl orae-
JoHHe KOpW MOXET H4YMHATBCA, & TaxKxe 34BepUATLCA, NO-BMLH-
MOMY, D paamiudue MOMEeHTH KanGuanbHod pesredbHocTH. Pac-
CMATEHBAEMHY. MpHEM MOXET OWThH WCNOXb3ODAH LA MpUOTH3HTENb-
HOPO QNDEfieNeHMA COCTOAHWA KaMGMANbHBX KIETOK, HO JJIA BH-
ABNEHUH MOM2HT2 HAYANA WA JaBcpueHnA Kam@uanbHoro pocTa
He romurca.

Yacro o paguanbHOM pocTe Repembes CYMAT M0 PE3yAbTIA~

TaM NOCAeJOBATCALHOTO M3MEDCHKA AMAMETPA WK OXPYKHOCTH
crsonos wiM serpell. JNA HADYXHOrO ofMepa DACTYUHX A2[=Db-
en NDUMCHANT DASNHYHHEe WHCTRDYMEHTH, HawliidaA OoT ararreHumbD-

r el
Kyack (7 257' M MSWepPHTeNbHHX JN8HT [taE’,- U KOHUAR CORDEMOHYbMK
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AeHIpoMeTpaMi, CrnocolHuMH DErHCTPHFOBATH ManeRiHe HaMeHe-
HUA JuameTpa AepeBa [41;49;52] .

llpemsymecTsa ¥ OTPHULTEAbHHE CTOPOHH PAINWUHHK METO-
00B HapyxHoro ofuepa oueHeHs B o03opHux paforax no KX npH-
ueuernro [20; 37]. Ho, He3aB#CcHMO OT TOWHOCTH TOTO WIH HHO=-
ro MeTofiy HapymHoro ofMepa, BCe OHM HWedT ofmnA HsgocTa-
TOK = MpA HADYXHOM O6Mepe panvafbHEAl pOCT UACTO MACKHpy-
ETCA CHIbHLMH KoReCaHWAMM guaMeTpa JAepcBbeB, KOTOpWe Bh-
3BOHY M3MEHEHUAUH YCROBMI yBaamHeHHOCTH ES; 6; 2I; 2?].
OcofeHHO HArAAAHO STH KoXeSawuA BMAHN BO BPEMA 3IWMHETO
IOKOA JEpeBLeB, KOTAA [aguaxsHuit pocT Boofze oTCYTCTBYyeT.
[lpr cHw=exuu TewmncpaTypu BO3AYXA OCEHMD HAGNDJAETCA yMEHb-
maHKe AueneTpa crTefnefl caMiX palTMUHEX BUILOB Jepenbes [59 i
Do amormx cayusax yweHpmeMMe NHAMETDA NDEBHIAET BEIHIHHY
npwpocTa, KOoTOpW MMeN MeCTo 3a Bech MpeNHAYWHH Ce30H poc-
ra. Tax, y moxopux fepeBbep Gepesu CPONHAN KOHTPAKOMA
CTBOXOB 3MMOR COCTaBRAZa 5657 OT BMPMHN NOCXEHErO oMY~
HOro KoxbrA Apesecwww [59] . C nosumesMen vemneparypu Boay-
xa PecHON MpONCXOAMT ¥ YBEXNWeHWe QHAMETPa CTBOXOB JepeBb-—
es. HaGyxaHKe KopH W KCHAeMH NMPONCXQAWT 3aJOAT'C JO pacnyc-
RAHHA AACTHEB M BHIBAHO WCKADUATENbHO RAKOMNEHMEM BOAM N0
vavaxa xauGuaxsHoro pocra[I9] . 9to ocoGemo warasgso swaHo
NpH CPABHEHHW [AHHWX N0 HADYRHOMY OOMepY N De3yxbTarod Muk-
POCXONMYECKOro aHankda, B pedyisrare rakoro cpaBHeHMS Ha-
waza pocra 29 sos B Bopowescxou mexnponapke Guzo oSHapy-
XeHO, UTO YBEeAMWeHHE QMAMETPOB CYBOXOB HAURHASTCA NpHMep-
HO 3a MeCAd [0 HAgaxa KamdKaxbHOIo poua[Z?J.

Ecrecrrertmfl swBog N3 OTNX JAHHEX ~ NPOJOIENTEALHOCTD
CEe30HA DANKANLHOIC POCTA HBXb3A ONDEJSNTh DO pa3yXbraran
HapyxHOro ofmepa JepeBbes. '

2. Msueperue CopoCTN PagMANBROIO pocTa

CropoCTh pagHaNbHOIO POCTA B [ASNWYHLE NEPHONN Ce3o-
Ha POCTA ONE@HWBADT AHOG MO pA3yAbTATAM N8HJDPOMETPAUECKHX
xaMepaHui, AHGO NO pelyXbTATAM AHANM3A NEPHOLHYECKH BIA-

THX [MTOXOI'WuecKMx o6pa’noB.
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Tpenn mpupocta nMamerpa nepesbes, noAyuacuudl fpy get-
JIpOMEeTPHUECKUX HIMEDCHUAX, KaK MpaBuxo, MpefcTapaser CO-
6c? curmonny [39;59] , 7.e. coorsercrsyer xapaxrepy pasm-
anbioro pocTa fipeBe~HWX pacrewl no ce3oHy pocta. (gHako
NapaMeTpy TPEHLA JHAMEeTPa AePeBa MOTYT CYUeCTBEHHO OTAM-
YaTLCA OT NapaMeTpeB WETIHHOTQ KaMOHaNbHOI'O NpUpocTa. JTO-
My HMOCKONBKO MPHYWH. YBenuueHHe QuameTpa C?BONA M0 Ceao-
fty poCTa MpOACXONMT He TONbKO B pedynbrare KamGHAALHOI'O
pocTa, 1O W BCAEACTBHe JeATenbHocTH dennoreHa. llpaepa,mo-
JuT nepHAepMd, MpomyuWpyemold 3a ceaoH, Mana NO CPABHEHWO
¢ gonell npoBonamux Txaweh [3I] . Opmaxo gearenssocts desno-
reia 1o ce3oHy HepasHomepna[31;57]u 8 onpejleNe e NepHo-
QU Ce30Ha MOXEeT CYUeCTBEeHHO BAMATH Ha TpeHl MpHpoCTa.

Ege Gonee cymecTBeHHWe OT/THUMA MexLy AEHIPOMETDHYEC-
Kif HOMepAesul TPEHHOM W MCTHHHHM TPEHNOM KAMGHATBHOI'O MpH-
pocTa MOTYT BHIBATH NMPOMO/XHTENbHHE MOPHONN 3ACYXH WIH
noxgel. Sro ySeguTenbHO MOKA3an yxe Posmens[55) . Emoxrya-
UMA Xe JHaMeTpa JEpeBbeB, KOTOPAA KMEeT MeCTO MpH MeHAumuX-
CA "MAPOTEPMHYECKMX YCHOBMAX, OTPAXAET B OCHOBHOM H3ueHe-
HWA OBOJHEHHOCTH cTelNA - MpH NpeolAgNaHWM TpPaHCIVPATMH
HaJ, MOracmeHHeM BOOM IMPOMCXONMT CXATHE, & B MPOTHBHOM CXy-
yae - Halyxasme Bcex wactefl crena [10;20].

Coormercrayer nu KojneSaHUAM guamerpa crelna B Kaxofi-
70 CTENeHy M WIMEHeHWA CKOpOCTH pamuansHoro pocra? Brmomie
soumexHo. OfHAKO LEHNDOMETPUYECKK 3TH KoneGaHiA BHABHTD
3 MPUHITINE HET BOSMOKHOCTH, TAK KAK PHIpATAIBOHHWe Kojaefa-
A HA HECKOMLKO MOPANKOE MPEeBOCXONAT BOSMOXHWE KOJMECAHHA
citapIcTH paAMANBHOro pocra. MomHo awmb ymodpuTesNbHO mpen-
nosoxuTs, 9TO mpH AedurmMTe BAAMW NPOMCXOAHT 3aMeleHHe CKo-
JOCTM PANMANBHOI'O DOCTA WIK faxe ero fnpexkpameHue, HO CBA=
THDATL BRJIUWHY BOJMOMHHX HOMeHeHwfl CKOPOCTH pufMANbLHOIC
PO ¢ Pe3yNLTATAMU QeHIpPOMEeTPUYECKHX MIMepeHAR BechbMa
paososan, [lposenexne nogoGHoA nuxedHOR CBA3K MpiBeno,
HANPAMER, K NOABAGHHN TepMUHA "OTpHIATENbHHA pocr"[26],
Topddna, KoTopwl ¢ MpoueccoM pocTa He MOXeT uMeTh HWYero
comern. Dnpoyes, He HIKASueS, uTc pagHaabtkfl pocT MomeT
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W PTh MECTC fAN: § CXNIA6 YMEHLMEMUA OUAMSTP2 JepeBheR D
vooaciunk rolieTe SALri, TAK RaK PASTHCNE WECTA ALpoBheE
TIATO ROIyUADY BOLY 72 CUET He PacTVINX [IIl . HanecTHo, Ha-
Ly IO DU YUAHBWZILIH PABMEPOB ASpSBA B PeaylnTaTe
127eT MPOMCXOMKTh ATKLLNEHE POCT Ho-

G, no0DOHonANbYEH ONTIMHOM OTHOCHTEILHO BO3MOXHOC-
Ti lpieleinly TeMSDOMEeTPoB KaK HHCTPYWEeHTOB D77 HIMCpeHHS

E
CKNDPOCTI LANNANBHOIY pOCTA HE onpasnax cefa [35;

Toi sayseHy XAauSHANBHOTO POCTA DHTOMODHUASRIDS MCTC-
L2, N2D20 oMnpafienshHue IMPOMeXyTKHM BpeMelin Gepyr obpa3nwy
rOILLA DANHENBHOTO DOCTA W NPUAEravmuX ¥ Hewmy tkaned, Bos-
Tre 00pasi HCMONSIYUTCA LA MPUTOTOBAEHUA IHITONOMHUECKHI
IDeNLpATos, [0 KOTCP M NMDOCTEXMBASTCA MPOTEKAH:E MpOmeccol
rocra Be BpeMeHH. OOGWUHO MU NMPHMEHEHWH IMTONOTHUECKOrO
MOTOfA HA MOCTEeROBATENHHO B3ATHX 00pas’maX KAIMEDMOT MYDHKY
KOMbLUA JApeBecHHH Texymero roga. [o peaynsraram uameperxit
BHUKCJADT CHOPOCTH YBEAHYEHHWA WHDAHM TFOIMUHONO KONBIEA KCH-
JeMH Mo BereTAnMOHHOMY MNepHORY [1'2.' 24; 28; 46). Npu arom
npejnonaraeTcs, WTO CEOPOCTb YBEXWWEHWN THDHHE IOJMYHOIO
KOTbLA XapaRTepH3yeT panmanbHuit pocr. Ha camon jere sror
noFal’aTeNb OTPAXSIeT TeMMH BHXOJA KNeTOK 3 fpomecca pamk-
&NBHOTO POCTA H MOXET CYMeCTBEHHO OTANGATHEK OT CKOPACTH
paauanbhoro pocra[3]. Gro6u onmpemexmTs cropocTh panwars-
HOro pOCTa, HeOOXOAWMO BNABMTH HHHAMMKY YBEIUEHHA THUDHHH
KOMBIA Ce30Ha, BXJNUANIEro, XPOMe TEKYNMX PORHTHMX Koner
KcaieMy M QUIOOMW, DACMONOXEHHO® MEeXLY HNMM KOAbuo panuaih-
Horo pocra.

b cymecTsyomeH MeTORMK® TEXHKYECKH CNOXKHO NPHIOTO-
BATh MPenaparTH ,BEAQUADTHE "NMONHWE" DANMANBHNE DANN Kie—
TOK XOJAbuA ce3oHa. [Jleno B ToM, WTO XOMBOO CE30HA BRAOYAET
KJIETKM, XOTODHE CMALHO OTNMUAOTCA MO CBOGNY CTpoeHMo. Jro,
B YACTHOCTH, KNETKH FONMUYHOrO KOMBLA KCHIENH C JULHIrpHIM-
POEAHHMMH OGONOYKAMH, KNE@TKM 30HH YBENWUEHWA DA3MEDPOB KNe-
TOX C TOHKMMH TELNONO3HEMK OSONOUKAMM W T.4. [lo cywecTny,

ATA NPUTOTOBAEHHA NMPENAPATOBR IAA RAXNOTO THMA XJETCI 19—
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r,(‘i.".(h.- M CPON CMOCOCH (AKCALNIH, BATHBRW B Cp2nYy IR MHK-
M W o..,acxu[SOJ . ¥ o camom pene, oGpaamw, mog-
i3 10 TUMOBOA M2TOmHke O0wUHO PBYTCS B 30HE yBe-
TINAT PAANAPOD KAC JOK, U CPe3W craHoBArcA  FE2 OUTIrommn:
JSA MOMCPAHAR CLADIMY Xofbua ceaoHa. Hamu [4] paspasoraHa M
SUGECOULODsA METOLKKA NPUTOTOBACHUA NPeMapaToB IR TOU-
HUDO XTMER2HMA MHPHHN KONBIE CesoHa.

AOpOIS WIBECTHO, WTO KoMEHANLHLZ POCT MO OKPYXHOCTH
Arsoza oxXeT daveTHo Bapbiposars [32; 45; 53] . Mpumaro cum-
TATH, WTO 574 BETHASENbHOCT: yoTpaddeTcA, ecaH obpa3uw Ge-

nyTeA 0T ¢L-Gefl, Koropee imMe9T Kpyraudt cTBOX, CINAMETDUUHYR
u)" 4 PACT)T NCE BHPSBHEHHNX JKONOIHYECKHX ycrosuax. Ha-
G seinnee [4) noxaswmaor, wro NnepeuiCAeHHEE MPHIKAXKH JaNexo

-

i3 scerga rapaHTMDYOT OTCYTCTBHS BapHaGeNbHOCTH KaruGuansHo-
ro LOCTa [0 OKPYRHOCTH cTBona. Yrolw ycrpaHurth mofolHym
BaDialenLHOCTb, MN BBEJM NONOMHKTEeNbHA oT6op o6pasnoBex
[AEepePhEB WCXOMA M3 MPUHUMNA, UTO OLAHAKOBAA NWHAMHEA KaM-
6n27bHOTO POCTA AAGT B PO3yAbTaTe CXOAHYO CTDYKTYDY ApeBe-
cru(2] . TMocne oKOWuAHIA KaMGHOXLHOPO POCTA NO3AHEN OCEHBD
Heo6X0aMMO NODTOPHO CO6paTh oﬁpaaﬁu OT BCeX HCCHemyeMuX fe-
peabeB no BCefl OKPYXHOCTH CTBOJA ¢ MOBTOpEHWEM paHee MpoBe-
LeitHoro Xxoga BOATAR o6pasuoB. AHanns xamGHANBHOI'O pocTa
MOXHO TPOEOAUTL TONbXO MO 06pa3yoBM JepeBbAN, KOHEWHAR
CURYKTYPY T'OJMTIHOr0 KONbOA [JPEeBECHHH KOTOPHX CYWECTBEeHHO
He P& bUPYET MO ORKpYXHOCTH CTDONA M, CJEfOBATEIbHO, POCT
nn ORPYWHOCTH CTDONA MpoTexaeT HawGonee paBHoMepHe. [lpu co-
Cmciad UTAX npeamMcaniil murtonorwueckuit MeTon nepuogHyec-
1 B3ATIX 03padloD QaeT BOIMONHOCTh BHABMTL KAK Napamerps
TONMG CKOFOCTH DANMHANBHOTO POCTA, TaK K qUIDKTYALHA 3TOrO
NYHA3ATCAR 80 BpPeMA CC30HA DANMANBLHOr'O poCTa.
3. DapuaGenbHocTs TemMmnopansHofl CTpyKTYpW
KAMBUAXBHOrO pocTA TO TNy PacTeHHA
MuorouucrenHne jaaMine cpuIeTeabCTBYOT O TOM, UTO pas-

e uacTy! ApPeSecHOro PacTeHHA CYMeCTBEHHO OTJIHYADTCA 10
PeNNOPANBHOR CTPYKTYPE KAMOHANBHOTO pocra[m;34;35;42;43].




- I73 -

TbiHOG . TOPesAu AT

‘M M MCTCRKODAHIGI peayabLTaTon Me-

40 DICTA MERLY DASNEMH YACTIHN TS
; T s, SMIRRTCE mLasvroll Zecnua nmeerpex
Laynnrates Tint unteie CSHONOPMHECKHX NEI2M2X0B HAvAaNa pa-
FELInEON. pocTeE guenof, Hanmpimvep, OOMY aDTORH SORA2uBavT,

ounindl DT HAWHRGTCA OfHODPEJ4SHHO ¢ pacmycka-
FI2N MOTRT, niiThie - "0 DTH OBa COGHTHR OTronasr ACBONh=-
HO mpegariitenbiudl o emyTor npeuemt[28; 44; 51).

Kax pacnycxapn- rodek, TAK ¥ WHAIMALNT DANNATLHOTO
pocTd MenST4BNADT ccfoll MPOUECCH, KOTODUe paspepTwEanT-
LA 0 TONY DASTOVEY F TeUeHKe OMPefeNEHHOTO MpoMewyTHa
¢ MSUEHM, 8 Ha 1DATUn 9T MOMEHTANBHO BO BCEX U2CTAX AEDe~
Ba, 3TOT NANEIT enunG-i MOXET OHTH MOBONBHO MPOLOINKTEN:-
M. Hampintep, vy Bapoc w0t pACCEAHHOCOCYIHCTHX NEpeBhes
WHHIMALWA PAIMARLHONO POCTA MO TEXYy DACTEHUS MOXeT INHTLCA
naxe Gonee weosmma(16;30;44].

BosofHoDieHue pagKanbHOrO POCTA BECHOR HAUNHA2TCA C
OCHOBAHUA NOYeKk ¥ MOTOM pacmpocrpaHsercs GasuneransHo. To,
4YTO MOCAEJOBATENLHOCTh PEaKTHBAUWH RaMOHA WIeT B Hampabje-
HM® OT MOYEK K OCHOBAMWD CTBOJA, ONHAKO, HE 03HAYaeT, WTO
CeuHe Mepske NMPOARTEHUA XAMOHANBHOT'O pOCTa B CTBONE HMEDT
MECTO Y OCHOBAHMA TepMuHanbHol nowxu. [lexo B TOM, uWTO pocT
HAUWHAEETCA Yy OCHOBANWA MOYEK DA3RHX seTBefl B padiwunoe npe-
ua, lloxasaHo, uro nepBwe MPOABNEHHA KAMOHANBHOTO LOCTA MMG-
DTCA He B BSpXHIX, & B GONee HH3XO PACTIONOXEHHWX BETBAX
[34; 35; 6I]. B pesyrsrare mmmanxs KamGHaibHoro pocra B
Pa3HHX YYaCTRAX CTBOMA 3ABHCHT OT DACIONOXEHWA W IIYHW 0T-
JexbAuX BeTBeM, BO3pacTa NepeBa H MHOPMX Apyrux darropos
(35], =.e. npencraBiser coGoi TpyaHo Momemupyemufl mpouecc.
CrA3b Mexny HOYANONM KAMGMAJNBHOI'O POCTA R PaclyCKaHHeM mo-
YeK OOWYHO WIyT OMA MOMEHTA Hauyama pagMatbHOro pocTa Ha
BucoTe crpora 1,3 M or xopHeBmof menxn[(}e: 44]. r.e, non
KOHel] mpogecca, MpoLOSXMTENbHOCTh KOTOPOro TPYAHO NMpeacka=
7arh. ECTecTREHHO, UTO pAIHOPOAHOCTL DEIYNLTATOB IMPU TAXOM

i
-
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nonxone HeuabexHa. Bo Bcex caywasx, Korme CBA3hL Memyy pac-
MyCKAHMGM MOUeK ¥ HAYANOM KamOManbHOI'0 pOCTa YCTAHABIMBA-
nach JUIA ywacTxoB BerTbBefi BOMMAM aMmMXANLHEX NOueK, OHA Of-
HO3HaUHa - KAMOGMANBHWH POCT HAUMHAGTCA MPAKTHUECKH OfHO-
BPCMEHHO C pACTyCKaHUeM nouex[I'?;M].

TemnopansHad CTPYKTYpa CKOPOCTH PafMANBHOI'O POCT& MO
TEAY APSBECHOT'O DACTEeHMA N0 CHX Nop He uayuanach. TeMm He
MEHeC OXWNAEeTCA, YTO OHA BapbHpyeT NojolHO APYTWM nokasa-
Te1m xasCHanbHoro pocra. Hanwume BapuaSenbHOCTH TeMNOpalh-
unll CTPYKTYPH KaMCMarbAOro pocTa Mo Tery Hepesa 06A3uwDaeT
C OCTUPIXHNCTHD OTHOCHMTHCA X PACTPOCTPAHEHMD Ha BCe NEpeBo
Pe3yTTATOB W3YueHMA KamOWambHOr'o pocTa B OaHolt Toure pac-
veHur. [lpexae uwew genaTsh BHBOOH OTHOCHTENBLHO 3APHCHMOCTM
Mergy TeMnopansHod cTpyxTypoll XaMOMANBLHOTO POCTA #, HAMDH-
MCD, MOrOAHEMM YCHOBHAMH 38 Ce30H RAMOHATBHOI'O pOCTA, He-
08XofMMO 3HAaTh, KaK XaMOHANSANR DOCT MpOTENAeT B DAINAUHLX
yecTAX fepeBa WiM, Mo kpafiHefl mepe, BHACHMTL, B KAXKX Hac-
TAX APeBEeCHOT'0 PACTEHWA 3Ta CBR3b BHABAAETCA HaWOonee ueT-
KO. E

' llparTHUECKOE Xe MCCNeNOBAHWE TEMMOpatbHOA CTPYKTYPH
KAVGIANbHOrO POCTA B PA3HBX UACTAX JepeBa MpH MOMOMM [HTO-
JOrHUSCKOr0 METONa NepHoJHJYecKH B3IATHX ofpasnos Kpaide Tpy-
NOEeMKO W UACTO HepeanHayemo. [lo-BUAMMOMY, ClefyeT WCKATh
4JeKBATHEE, HO MPAKTHYECKH DEAAW3yeMue MeTofn N0 BHABJIe-
M0 TeMnmopansHofl cTpyKTypu RaméuamsHoro pocra. B arowm or-
HOWAH!M TICPCMEKTHBHYE MOWCKHM MO BHABIEHHD TeMMNoparbHOoA
CTPYETYPH ¥auOHANBHOrO pocTa B CTPYKTYpe BTOPHUHNX MPOBO-—
nrmeex Tramer| I].
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B. A . Baaoanc
(Un-t 6ronornn AH JlataCCP)

BbiABJEHHE CE3OHHOA AUHHAMHUKH KAMBHAJIBHOIO
POCTA ¥ JPEBECHbBIX PACTEHHA

KaM6HanbHbIfI POCT APEBECHBIX PAacTeHHH B 3HAUHTENbHOH CTé-
Meny oTpa)kaeT HX (H3HONOrHYecKoe cocTosiHHe. [103TOMYy Haywe-
HHe 3TOTO MpoUecca CYWeCTBeHHO AN OUEHKH CTENeHH MoBpexje-
HHA peKpPealUHOHHBIX JecOHacaXaeHH# H 3DPeXTHBHOCTH Jecoxo-
3ANCTBEHHBIX MEPONpHATHA B siecnpoMxo3ax. OOGBLIUHO 3Ta OLEHKa
NPOBOAHTCA MO Pe3dybTaTaM BCEro ce3oHa KaMOHaNbHOrO pocta —
no NpHPOCTy ApeBecHHb! 3a rof. OAHaKO NpH 3TOM He Bcerpa yaa-
CTCA BHABHTb NPHYHHBI H3MeHeHHS (H3IUOJOTHUECKOrO COCTOAHHSA
nepesbeB. B TakHx cayyasix nepcneKTHBHO NPOCHAEXRHBAHHE CE30H-
HOH AHHaMUKH KaM6HanbHOrO pocra.

B HacTtofAuee BpeMf OTCYTCTBYIOT MeTOAH, KOTOPWE MNO3BOJHJH
Ob HenmocpeACTBEHHO H HeNPEephBHO CAEAHTL 32 NpoleccamH KaM-
GnanabHoro pocta. [1pHMeHSOT 4Ba ONOCPEACTBOBAHHKWX MeToaa:
LHTONOrHYECKHW METON MNepHOAHYECKOro B3ATHA OO6pPas3lOB H Me-
TOR HapyXHOro o6Mepa anamerpa CTBOJA.

3anaya wHacrtoAuwed pa6oTH — OUEHITL BO3IMONCHOCTH Mplimve-
HEHHH 3THX METOLOB ANA H3MEpeRHS CKOPOCTH KaMOHANbHOPO pocTa
MO BEereTaUHOHHOMY TMCPHOAY.

Martepuan, meroguxka u pesyanratn. Onpegesiense  CKOPOCTH
KaMOHaJbHOrO pOCTAa  UMTOJOTHYECKHM METOZ0M NpPOBOAHAN MO
o6pasuam apemecHwx pactenuii cemn 8HA0B. OGBEKTAMH H3yueHS
CAYKHAW esb OONKHOBEHHAA, COCHAa OO0bIKHOBEHHAs, Ay6 ucpewyva-
Thifl, cupenb o6mKHOBeNnaq, Oepe3a HopoaaByaTtad, JHNa cepaue-
BIAHAA M OCHHA.

Ons  nccnepoBanis amuaMHKN KaMOGHAALHOLO pocta OGPASLLbLI
Opamn o7 20 MOACALHBIX JEPEBLEB KAAKA0r0 Blan. O6pasinl conl-
P OANN A3 B HC/CTIO ¢ RO aNpe.st 10 nauai noscns 1978
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rouir 1t B redcnie 1981 —1983 rouaoB, 4 TaKme BO BPCMH  NepPHOUa
NOKOS pacTeHHHA. MecTo NpoOH3PACTAHHA MOAEJbHbIX pAacreHHit —\"
AmaTckoe JecHuuectBo LlecHcckoro JecrnpoMxosza JlaTBHHACKOR,
CCP. [1pu B34THH 06pa3LOB y CHPEHH OTPe3aJid NBYXJETHHE BETKH
Y ocranbHeix Uccae0BaHHKX BHAOB 06pa3ub KaMGHA H NpHJerawn
MIMX K HeMYy TKaHell nosayyasad NpH TNOMOIH NPHPOCTHOro Oypas
[lpeccaepa u MeTOAOM BHCEYEK.

CorsnacHo obwenpHuATOR MeTOAHKE [6] 06pa3ubl 6pann no Men
JIEHHO BOCXOASLIEH CnHpand. PaccToAHHe MeXAy MecTaMH B3ATH
06pa3unoB B HalleM HccaegoBaHHH — okoao 6 cM. Jlas yMensine
HHA 30(deKTa paHeHHS paHbl 3anNOJHANH BadennHoM. O6pasub GHK
cipoBany B pacteope ®YC: 50%-# sranon, popMasnH, JeasHas
ykcycHas kucrora — [8:1:1 (no o6bemy). [IponosnkuTensHoCT
¢$HKcauHH — Tpoe cyToK. PuKcHpoBaHHBE O6pasUbl  TPOEKPaTH
NpoMuIBalH H R0 Aanbreileft o6pabotku coxpausau B 70%-m sTa
HOJle.

[1pH ApPHMEHEHHH UMTONOrHYECKOro METONa OOLIYHO Ha roch
JIOBaTeNbHO B3SITHIX 06pa3uax M3MepsIOT WHPHHY KOJAbLA ApeBecH
Hbl Tekyuwero roga. [1o pe3ynbTaraMm H3MEPEHHH NOJAYUalOT CKO
POCTb YBCJAHUEHHS LWHPHHHE TOQMYHOFO KOJbLUA KCHJIEMbl B TEYEHH
BereTallHOHHOrO MepHONa. ITOT MOKa3aTejb, OAHAKO, OTPAXKAET TeM
Mbl BLIXOIa KJETOK M3 npouecca PafHajJbHOTO POCTa H MOXeT cy
LECTBEHHO OTJAHYATLCA OT CKOPOCTH pafHaNbHOro  KaMOHabHOT
pocta [4]. Uto6w onpenesnTs CKOpPOCTb PajHanbHOTO POCTa, HeEO
XOAKMO BLIfIBHTb NHHAMHKY YBeNHUYEHHS IIHPHHBI KOJbUA CE30H
pocTa, BKAIOUAIOWErD, KPOME TEKYIUHX FOAHUHBIX KOJeU KCHIeMbl
$NO3MBI, PACNOJOKEHHOE MEXAY HUMH KOJbLO PalHanbHOrO pocT

Ilo 06BiYHOM UHTO.TOrHUECKOH METOLHKE TEXHHRECKH  CJOXKH
NPHIrOTOBHTb MNpenapathl, BRAIOYAIOUIHE «NOJHbIE®»  PalHaAbHHI
PAAB KAETOK KOJblla Ce30Ha, TAK Kak MPH MHKPOTOMHDOBAHHH TK3
HH UACTO PBYTCH B 30HE YBENHYEHHA Pa3MepPOB KJeTOK H Cpedn cral
HOBATCA He NPHTOOHKWME AN H3MepeHHR. [lo cyiuecTsy, npH Haro]
‘TOBMEHHII TOHKHX NPENapaTos A Ka’kA0ro THMA KAETOK Tpeoy,
I1DTCA CBOM CMOCO6bl QHKCALHH, 3aJHBKRH B CPely A MHKPOTOMH
OBaNHA it oKpacku [14].

Ons ToyHoro H3MepeHHs paaHaJbHOIO NPHPOCTA HaM NPHIINOCK
H3AMEHHTb METOANKY MpHroTOBAeHHA npenapaTtoB. Haubosnee npof
CTHIM H HANEXHBIM OKa3aancs CAeRyiowsi noaxold. Baoki c Tkans
MH, 3aAUTHMH B napadiH, NpH MHKPOTOMI(POBaHHH OPHEHTHPOBS,
JH 479 NOJAVYEHHA nonepeqHubix cpe3oB. [as HM3MEPeHHS  KOablY
CC30HA HCNOJbL30OBAIH YACTL OGBEKTA, KOTOPAR OcTasack B napad)
HoBOM Onoke. KueTkid, pacnonoxeHnblc Ha MOBEPXHOCTH GJ0K.
OKPAWIBAT  HECKOILKIMIL KAAASMI BOIHOTO PACTBOPA AKPHAMHO
"oro opanxenoro. OGC.1eA0BAHIIC I 1I3MePCHIE NDOBOAHAN, M
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KPOCKOMUPYA B OTpaxeHHom cBeTe. Haubonee uweTkam kapTuHa
OALLL:d Ccel30])ra Gbis1a NP HCHOAL3IOBUHI lebT[)B(T)HOJICTODHX ny-
eit (A==360—440 um; mHxpockon — Jhiomam P3).

[as kaxporo obpa3ua W3MepAJIH LWIHPHHY [, KOJbUA ce30Ha,
oTOpas NpeACTaBJfeT COGOH pAacCTOAHHE MEXLy BHeuHe# FPaHH-
lefi TOAMYHOrO KOAbLA (GJO3MB H BHYTPEHHEH rpaHHUEH TOAHYKO-
L0 KOMbLA KCHJeMbl Tekyulero ce3oda. [IIupuny Koabua ceaona Kax-
horo o6pa3la foJyyanH, ycpeauas  pesyastatsl 20  #aMepexHi.
CxopocTb paAHajbHOIO POCTa V B npomexyTtxke BpeMenH Af Mexay
noc.1enoBaTeAbHbIM  B3fITHEM 06Pa3lUOB BHIYHC/AAJIH KaK COOTHOLUIE-
e npupocta AL WHPHHBI KOJbLA Ce30Ha H A/,

[TpiHATO CYHTATH, YTO y OCLOOEH, KOTOPbIE MPOX3PACTAIOT B BHI-
PABHEHHBIX 3K30XOPOJIOTMYECKHX YCJOBHAX M  HMEIOT  KPYrabiil
STBON H CHMMETPHUHYIO KDOHY, MPDHPOCT KOJNbUA CE30HA NO BCEM
HanpasJieHHsIM OKPYX¥HOCTH NpPOTeKaeT oAMHakoBo. (OOHAKO 3TO
naneko He sceraa Tak. HarnqaHas wamoctTpauus ToMy — pe3yJb-
ratpl H3MepeHHs WHPHHLI KOJAbUA Ce30Ha BO BPeMS KaMGHaJbLHOTO
'Eocra y 04HOH W TOW ke ocobu (pHc. [). [TonyueH oTpHLATEALHBIN

pera H3MEREHHA LUIHDHHBI KO.IbUAa Ce30Ha BO BPEMEHH, HTO o6bAac-
HMO pasnuquoﬁ Nno OKPYXHOCTH CTBOJ1a CKOpDOCTbKO pOCTA.

[MonobHbix npuMepoB MHOTO. [103TOMY HEOO6XOAHM AOMOJHHTEND-
biil KpUTepHH a8 0T6Opa 006Pa3uUOBLIX aepeBLeB. KpuTepHi pas-
7a00Tany Ha OCHOBE TNMPHHUHMA, YTO ONHHAKOBAA AHHAMHKa KaM-
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IR YBEINUCHNS WIPNIBL KOIBUA CCIONI BO BPUMR  KAM-
Guansroro poeta: ¢ — wpeMn (mecauw). L, , — wiupi-
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Puc. 2. MaMenenHe Xosbua ce3oHa e OGHKHOBEH-
HoR B 1983 rony. [To ocu a6cuuce — mpeMs
(Mecaun), No OCH OPAHHAT — WHPHHA KOJAbUA

ce30Ha

6Ha/BHOTO POCTa B De3yJNbTaTe NaeT CXOAHYIO CTPYKTYDPY KCHAEMH
[3]. MMocne okoHuaHHS KaMOHaNbHOrO POCTa MO3AHER OCEHLIO MOB-
TOPHO OnIH cobpaHH 06pa3un. Ha HHX H3MepsnH KOHEYHYIO WH-
PHHY TOAHYHOrO KOJbLlAa H DajHa/fibHYK WIHPHRY KJaeTOK. AHanH3
KaMOGHANLHOrO POCTAa MPOBOAHJAH TONBKO MO 06PAa3UOBNM AEPEBLAM,
Y KOTODHYX KOHEYHAs CTPYKTypa FOAHYHOTO KOJbLa KCHJEeMH OZH-
HAKOBa A5 BCeX o6pa3uoB.

XapaKTepHble pe3yjbTaTh H3MepeHHS WHPHHB KOJblLa Ce30Ha
oTpaxceHNW Ha pHcyHke 2. TpeHa penuudHW L npencrasaser coboi
CHTMOMIY, a OTAeJMbHbIE [€PEBbA PAa3JHYATCA NO ee NapaMeTpaM.
Donee HarngaHo 3TH Da3/NHYHA BHABAAIOTCA NPH CpaBHEHHN nep-
BOit NPOH3BOAHON BENHYHHHW L 1O BpeMeHH — cKOpOCTH V paau-
A71bHOrO poCTa nepeBneB (pHe 3).

CKOpOCTh PaiHaNbHOrO poCTa y JepeBbeB BO3pacTaeT ¢ Havana
Ce30Ha, AOCTHrAET MAKCHMYMA K CepelHHe H MOocJje 3TOr0 noctereit-
HO yMeblaeTc8 K KOHUY ce30Ha. OTaesnbHble AepeBbs MOTYT cylie-
CTBEHHO PAa3JHUATHCA M0 abCOAITHBM 3HAYEHIAM CKOPOCTH  pa-
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Puc. 3. Ckopocts pazHanbHoro pocta ean » 1983 rony:
] — 1epeso ¢ KOHMENHOR WIHpHHO Koabua cesoHa 2723 mKM,
2 — 1274 mKmM: 3 — 149 MEM; { — Bpems (MecAuM),
VE o — CXOpPOCTb PanNaibHOro pocTa

LHAaNBHOTO POCTAa — BeJHYHHa V y NOAaBJeHHBIX XepeBbeB MO BCe-
MYy Ce30Hy MeHblle, YeM Y CHJbHHX, AOMHHHPYOWHX (cM. pHe. 3).

TpeHa CKOPOCTH KaMbOHaNbHOIO POCTa B TeYeHHe ce3oHa ONHCaH
NPy NOMOWH  CKOJbL3AUEr0 MOJNHHOMHAJNBLHOIO CrJaXXHBaHHA Mo
MeTONy HaHMeHbWINX kBaaparos [1]. Jlyvwine pesynbTaT  naer
CKOJIb3AUIEE Craa’kKMBaHHe 1O NMATH TOYKAM C TPHMEHeHHeM NATH-
HOMOB TpeTbel cTeneHy. [lonyuaeMble N0 3TOH MeTOAHKE OCTATOY-
Hble JAHHBE — OTKJOHEHHS SMMHDHYECKHX Beauyun V OT abipas-

weuwnx ( V), XapaxkTCpU3yOT DAOKTYaLUHH CKOPOCTH KaM6Halb-
Horo pocra (puc. 4). B otaensHnx cnydaax QUIOKTYaUHH CYLIeCT-
BEHHO OTJAHYAlTCA OT obulero TpeHaa U MOryr ObITh Pe3yabTaTOM
PE3KHX KOJeOaHHHA NOrOIHBIX YCJIOBHIT.

TakuM 06pa3loM, IITONOTHYECKHIT METOa H3Yyuerils nocaeaosa-
Te.1bHO B3ATHIX O6PA3UOB A2CT BO3MOMHOCTb BbLINBIHTL KaK mnapa.
METpbl TPEHAa CKOPOCTH KAMOHANBLHOrO poOCTa, Tak W ero (JIoK-
TyauuH B TeueHlle Ce30Ha pPOCTa. -

O6cyxknaenne. HacTo 0 paaHaabHoM pocTe 1ePrBheB  CYAAT no
pG‘3yJ]hT3TBM NOCJICAOBATCALHONO H3MepCHtd ayaMerpa Hal OK-
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Puc. 4. ®mokTyauny ckopocTn kaménaasHoro po-

cta ean B 1983 roay. [Mo ocw adGeurcc — o7K.I0He-

HIIA IMMNHPHYCCKH  ONPefe.eHHoll  CKOPOCTII PaiH-
495HOI0 POCTa OT BHIPABHEHHOR  (WMKM/CYTKH)

PY>KHOCTH HX CTBOMOB H BeTBefl. [1as Hapy:HOro o6mepa pacry-
ILHX NepeBbeB NPHMEHSIOT Pa3jIHYHblE HHCTPYMEHTbI: OT LITaHTeH-
UHPKYJeH H H3MEDHTEeJbHbLIX JIEHT N0 COBDEMEHHBIX AEHAPOMETDPOB
[TpenMyulecTBa H HELOCTATKH Pa3/IHUHBIX METONOB HApyAHOro o6-
Mepa oueHeHb B 0630pHbIX padortax [6; 12]. Ho Bce sTH npuembl
HMeT O6WHIi HeZoCTaTOK — MNpH HapyXHOM oOMepe Be.HUYHHY
paanalbHOTO NPHPOCTa HeAb3A BBHIABHTbL NpuU KoAeGaHUAX AHaMeT-
pa depeBbeB, KOTOPbie NPOHCXOAAT MOA BO3LEHCTBHEM [HIAPOMETe-
OpOJIOrHYeCKHX yc10BH# {5; 7]. Oco6eHHO HATNANHB 3TH KO.J1e6aHHA
BO BpeMs 3UMHEro MOKOR AepeBbeB, KOrga paAHafbHEA POCT BOOG-
me orcyTcTByeT. Bo MHOrHX cayyasx KojebaHHS AHaMeTpa 3aMmeT-
HO MpPEBLILAIOT BENHYHHY MPHPOCTA, KOTOPHIH HMeJ MecTo B Teye:
HHe Bcero BereTauHoHHOro nepuoga. Tak, y monoasix Bepe3 cpea-
HSIA KOHTPaKIlHS CTBOJIOB 3HMO# cocTaBas.1a 565% OT wHplHb NO-
C/le1HEero rofyYHOro Ko.abla ApeBechdsl [15].

B TeyenHe ce3oHa TpeHO H3IMEHEHNA AHAMeTPa AEPEBhEB ONH-
chiBaercs S-o6pa3Hoi kpueoit [11; 15]. Ee napanetpsl MOryT B 3Ha-
UMTEIbHOH CTEMEHH Pa3/HYaTbCA Yy PasHBIX BHAOB, a TAKXKe V reo-
rpadiueckHX pac OAHHX H Tex xe BiI0B [8]. OTMeueHbl Takxe pa3s-
AHYNA NapaMeTPOB TPEHA3 Ha PA3HBIX VDOBHAX CTBONA KAXKIAOMO
oTaeasHoro aepesa [13].

[Mpi ONTHMAABLHBIX OFOHBIX VC.TOBHAX OBULI TPEHI VRCIIMIC-
HHSO  2HAMETPi AePEBbeB MO CE30HY POCTA 10BOJNKHO TOYHO OLHCHI-
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BaCer puoriaiisdi kaMonannnbliiy pocTt. [lpasun, yre.niucesine uta-
METPJ MPOHCXOANT H B pPe3yabTaTe ACSTCAbHOCTH (eanorena, Ho
npoayurpyemMaa HM nepHaepMa 06bIUHO YyBEeNHUYUBAETCA B padmepax

HE3HAUHTENHhHO MO CPaBHEHHIO C BACKYARPHbIMH TKaHAMH [9].

[Tpy aedvunTe BAarw H pe3KHX KoneGaHUAX  TeMMNepaTyph
METOR HapVyKHOro oomepa cebs He onpasaniBaer [10]. CregoBaTenb-
HO, 3TOT METOA HE NPHroaAeH HMEHHO NPH Tex YCJOBHAX, NPH KOTO-
PBIX H3VYeHHe AHHAMHKH KaMOHAaJLHOTO pPOCTa OCOGEHHO BArKHO.

Kak 3T0O nOKasbBAIOT pe3ynbTaThl HAWeEro HCCJAeAOBAHHSA, NaH-
Hble O TpeH1e B (hJIIOKTyauHsix CKOPOCTH KamOHaJabHOrO pocTa noj
BJIHSAIHHEM MEHSIOUIUXCH NOTOAHBIX YCJOBHH MOTYT OHITh MOJYYEHb
MPH NOMOIIN UMTOIOrHUecKOro metoga. Ho oH TpebyeT OGOABLIHX
3aTpar Tpyaa H BpeMeHH. K TOMY XXe onpelneneHHe CKOPOCTH KaMOH-
aJlbHOTO POCTa BO3MOJXKHO TOJIbKO /S OTAENbHHIX, CTPOrO OTO6GPaH-
HbIX 06pa3uoBbIX AepesBbeB. [loatoMy mnpHMeHeHHe 3TOro MeToaa
uesecoob6pasHo NHWb AN BBLIABJAEHHA OOUIHX 32KOHOMEPHOCTEH AH-
HaMMKH KaMm6uanobHoro pocta. CyluecTByeT CBSI3b MeXKAY NMHHAMH-
KOH KaMOHaNbHOTO POCTa H KJETOYHOH CTPYKTYDOHA KCHJEMBl H
taoamer [2]. CnenosaTeibHO, BaXXHO TOYHO BHIABHTb 3aKOHOMEPHO-
CTH 3TOH CBA3W ¢ TeM, UTOOBI MO CTPYKType TFOAHYHBIX KOJeU MOX-
HO ObIJIO CYAHTL O AHHAMHKE KaMOHaNbHOTO POCTA.

BuiBonbi H npenJoXKeHus

1. LluTOoNMOrHYeCKHE METON NepPHOAHYECKOro B3ATHS 06pasuoB Yy
APeBECHBIX PACTeHH|] NO3BOAAET BLIABHTb TPEHA CKODOCTH KaM-
61aJbHOTO POCTa MO BETeTAUHOHHOMY MNEpPHOLY H OLEHHTb (QJIIOK-
TYalUHH 5TOM CKOPOCTH, BH3BAHHLIE  MCHSIOWIUMHCHA  NOFOAHLIMH
YCROBHSIMH, €CJH NPOBOAHTCA CTPOrufi crdop 00pasUOBLIX JePeBb-
€eB.

2. OrGop 06pa3LOBLIX AEpPEBbEB MOXET MPOBOAMTLCA  nmocJte
OKOHUaHHA KaMOHANBHOTO DOCTA OCEHbK MO JAHHBIM O KJETOUHOH
CTPYKTYp€e KOJblia C€30Ha.

3. [1py npHMeHeHHH  ULHTOJNOTHYECKOTO MeTOAAa OOBLIYHO ynoT-
pebasemble cnocolbl NOATOTOBKH  NPEnapaToB  Ma/ONMDHIORHBI.
CTpyKTypy KOJbLUA CE30HA POCTAa MOMHO H3YYaTh HCNOCPEACTBEH-
HO B mapagHHOBLIX 6.10Kax B OTPaxeHHOM cBeTe, 6€3 NMPHTOTOBAE-
HIIf TOHKIIX NpenaparTos.

4. TIpivencHie UHTOTOTINNCCKOrO METOAD NCPCNCKTHBHO — AIM
BLINNBACHIST  3BHCHMOUTH CTPYKTYPB! KCHACMbBI OT AIHAMHKH KaM-
6HaNBHOrO poCTa.
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MPHUCTEDCTBO BHCHEro M CPEAHEIO CHEHREJBEHOI'O 0C0pasoBaKAA
Jatemitcrofl CCP
Jlarsulicxmid opnexa Tpyrosoro Kpacroro 3namenm
TOCYZIADCTBEHHAI yHEBepcmTer mMeuy [erpa Crydxm
- Kaerpa GorTaHmky

MOJEJMPOBAHME H OPOCHOSMPOBARME B 3KOIOI'YH

MexBy30BCKEE COOPHUE HAYYHNX TPYIOB

llarosiickait rocynapcTReHHNER yumBepcmreT mM. [[.CTydams
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WIBLAMA. YT BereTalMOHHHX TiePHOLOD ¢ YBeAUReRUoft nosefl
BHOABMYX TORMIHHX KOJIBl] MOXEGT TAKXE OKASATHCA MOJH3HHM

Ip¥ BHABJEHUM HAUGONE® HEBCJATONDAATHHX IIA PANMANBHOTO
pocTa Ipe3scHHy coverTaHuft BREWHHMX $AXTOPOB CpelH. - v

Bupnasuyie rofgdHne XOJMBUA B 00pasnax IpeBecRRH BHABIA-
CTCA OpY NOMOWN MeToJA NEepeKkpesTHOIO JaTAPOBAHMA. 3TOT Me—
ro)d OuJ pA3pacoTaH B HAYANe HHHEHNHeT'O CTONSTHA M L0 CUX’
o) SENAETCA OCHOBHHM METOLOM IS TOYHON 28THpODKH IOLITY-
Hux KoAew, [IpmMeHesne 2TOr0 METOLA B BKOJOIMYECKUX HCOCJHE—
nosamnx CTano peajnbHHM B NOCAGLEMe NECATRASTHA, Koria Ow—
/M pa3padoTdRd mporpavMé pad OBM (2,3,4), xoTopue odecnegm-
‘BT BO3MOZHOCTS AHAIM3E GOJBILOIC KOJMYECTBE o0pa3ioes n
CHYXawT KOMO CYGHeKTHBHHX 3aringeHuft nNpz JATEDOBKE I['OMMY—
HUX KoJiey, BeM)y RMTEeNBpEOTO OEpPHONA KAMOPATIBANX DascoT M
GO.MeGOR TPYHOSMHOCTH ,METOL NepekpeCTHOIO ILATHPOBAHMA MAJO
OpATOLEeN B CJHYWAAX, KOINA ReolxXo UMb OHCTPOe OoNpeLelieHme
LOJIYM BHNAJADIHX TORAUHEX KOJe TEKFUEro BEreTalBOHHOI'C Oeé—
prMona QA GOJLWONC KONMEYeO0TBa MPOCHMX maomanedt, Jnd nonod—
MNX CAYYEEB MM npelnaraeM npocTofl MeToL BHABJIEHMA HalMMMA
PaLVaIBHOTO NPRPOCTA LpeBeCHHN B TeKyiieM ~ BET6TALOHHOM
L2DHONE. ' .

[leTOL OCHOBHWB2ETCA R& HCNONb3OBAAUE OTIRWMR DO COLEp~
HAHAE X4DAYTEDHNX BHCOKOMOJERYJADHHX COeMAHEMM#t B Ipenux
FAOTKAX KOpPH it JAPEBECHHH ,MéDACTEMATEYECKAX B HE3PENH
rnerkax. (loche pesesya KESTOK RAMORA ODPOXOIAT ONpeueJleH-
IHi [DOMEXYTOR BDEMEHW, UJOKA BHOBb BO3HWKIME KJIETKA XS~
‘N KOTTATADT 3DEJNOCTH. B SACTHUCTHA, MOZOINE KIETKH Rpe-
SOCVHE, 19K X KA @ KNETR® KAMORA, FE :MeXT JHMIHU(ILi-
LATOIREY, XRETOYHAY 0INLCTEeR K JECHAQARAUBA HaYMHALT s
ML HBCKEOARKO M2 IUENR IOCNA2 BOAHKIRC2eHAR XKTEeTOK. L
§RGPtN B CBSEr CYEPEND, 5 OTJMUMR OT WIBTOK Mo ii-
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: > LULOCTETOYHON §iLUMEEBR.S LK b~
HOVLeM ONGAMEBAN .G LSpE3I.0R IS BHABJMCK!A JMIHUHS, ¢opmaris-
EEIHY, 55 i VI CORRHOM KECJIOTH IAET C LyGWibHAMM Be-
LENTRAMA HEFTRE CLBIFY, ROTCLHE I&TDYLHADT MCCIENOBAHUE
00Da3oR. S¢ SIDEOM DDOROEUTENEHOTO HLOMHDANME
CIUARYOB H8IASTIh {8 OXDacKM JyC:iihiHY BELESCTH.
ComivAaTe=rs nuolio DPOMNBRE — 30 MNYT.
TONLYABWTCA b HACKIREHHT 58CTS0D
: TGIAERLES S0 Bhl-
JOITEiGi& NUCDCLATSR

[Tan g o osas
10CJE | 0T

HEHNCIEI! 1« 53

BEEVAR: PRCTOASTHRECKEX (:DOLERYD ~ 0GO—
KCTHY 3y 2v4 CRLAEel B FLKO BRLHEBLR iBeT,
REZORE RO, = TELT AeITO—XOPWUHEBEE, MeXLy ORpaleHHNMK
D00C2NH HAXDIVTLE HeCilDeTHEZ yYACTOK MOOHCTEMATUIEC KAX
LIETOK M i5eP0K, H2 LOCTHIOMX 3peNocTd. ' ' -
YroGa 3uACH:ITD HAKCOIEE NOSXOLAIME CPOKM o¢cnerosanua
JECOHGCAXL SHRH LIA LUAMLENLA BUUABUMX TOIMUHEX KOJEL Te= . -
nero Tohx, GiJit B3sTS COpe3ud C LepeBbEeB COCHEH 3a Nepit-
c IS enpens oo o zarvera 1978 ronma. OGpa3sus Opanmchs
3ycore 1,3 i o7 «00ieBod ceBxy B necoHacaxleHZAX COC-
4 YepHHwiMK2 eusirinCKOTo 4 UecUccroro pailouoB JlaTpmic—
# CCP ¥ B wWoCKOBCENI 0GNACTA. BO M3IGEEEHEE BPENHOIO aH—
TOCeHHOTC BO3AEACTBHA HA OPUPOCT JPEREeCHHH, YYACTKU
33ATHA $0pa3UOB ObJH BREPAHH BLAM OT NPOMBIUIEHHHX
eIpHATEE N peKpeaiMOHENX 30H., B Raxuwll Less odcJienosa-
Guno 32{MKoUpOBaHD 40 30 00pa3Los JepeBbeB COCHM.Hs-
POHWE GMOAHH YYACTKA DSIFAJBLHOTO NMPUPOCTA TEKYUEIO I'o~
nPOROKEJN N04 OuiioxviApHoM Jymof MBC-2, paapemamgan
OGHOCTH M3mepeHsi- 0,01 wM, TOSHOCTS Hamepenmdl +0,03
. ErtoMeTp iMacKue pacyeTh BuUNOJHEHH NO muﬁu pOT pamMMamM
JIBM Tmma GE -400.
llocTenejuioe yBEAMYCHUE HEOKpAWBHHOHN nosocH Dasyankiio-
UPUPOCTA TEKYWELO ToJl@ HAGMOMAETCA IO CEepeiiH ROHA,
e 4ero IMHAETCA YII2HLIURHRE WRDKHHR 3TOR nonocu(prc. ),

LIET AL
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f YueHbmeHUg UHMPHUHN NMOJIOCH B MIVIE M ABYYCTE BH3BAHO Onpe~
BECHEHMEM OCOJIOYER Y KJIETOK, KOTODHE BOIHMKIM B HAyanle Be—
reTalMOHHOIO0 OOPHORA. Tax KAK KONBLO JDPEBECUHN TEKYWETO Be-
TeTAUMOHHOTO DEPHMOJA BOJOTH RO KonOda aBrycTa MeCAua He uMe-
8T 3pEJHX KJIETOK NO3NHEr'0 NMPUPOCTA, BHABJEHUE HAMMAA MPH-
pocTa IpEeBECHHN HEe NDEeNCTARJIACT TPYMHOCTel HE TOJBKO B M-~
He, ROTLa HEOKpAWeRHAR [OJIOCA DPHPOCTE MMEeeT HAWOONBIIYL WA—
pAHY, HO ¥ B TeYEGHME MWIA B ABTyCTa. Pe3yJrTaroM GJjaronpy-
ATHEX LA PAMMATEHOTO MDPEPOCTA UDEBECHHN KIAMATAYECKEX ye-
JoBAR B IOLY B3ATHA OCpASJIOB M OTCYTCTBHA BPELHOIO 2HTpO-
[OTEHHOTO RIAAHAR B OOLNEROBAHHHX JNECOKACARNEHUAX HABAAET-
CA HalgyMe DPUPOLTA IDEBECUHH Bo Bcex (Jauee dem 400)CoG-
pasuax.

""TIA BHACHEHEA BO3MOXHOM NpemMymecTBeHHOU opEmeHTAmMM MO
CTOPOHAM CBETA BHDAJAKUMX YIaCTKOB JPEBECHHH B CJYUaAX 06—
pa30BaHRA HEMOJHOI'O I'OJMIHOI'0 KOJNbOA, OHJI B3ATH CHRIN Y
JepeBbeB COCHH, YCOXIMX B pe3ysnbTaTe BHTANMTWBAHRA B peKpe-
AUHMOHHHX JiecOHACAXReHUAX KYpOPTEOrO ropols Upuana. Ha kaz-
IoM coane AOLCTUTANM “OJANIECTBO TOREYHNX KOJEU 00 KXHOMY,
CeBEepHOMY, BOCTOYHOMY B 3aNafiROMYy HafpasJeREmMM., PeaysbTa—
1§ noAcdetra AR 25 cnunod (Tack,]) CpRBHIM MeTONOM nap-—
wux cpasHeHrft [6]. CodpanHhe SMIMpAYECKEe JRHHNE He BhAB-
JAOT ROCTOBEPHOR DpemMyuieCTBEHRO# OPEEHTALMM y4YRCTKOB Bh-
0aJleHIA TOMMYKOrO OPREPOCTA NO RAKOM-JMGO CTOpOHE CBETA. )
HegoasHue roaydHke KOJNLOA Ra MDOCMOTDEHHHX CiTnax pacnoJo- -
XeHn OpecMymecTBeHHo Ha nepudeprs cnanoB. Tanoe pacmoio—
XeHue BWOAJANIAX YYaCTKOB CBMLETENLCTBYET OO YMEHbLIEHUN
KaMopamsHO# AKTABHOCTA y nepemses 3a I0-I5 Jyer no mx noi-=
HCTO YCHXAHHA B Pe3yJbTATE BNTAOTHBAHKA.
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h-'umwrepcm BHCWErQ B cpexuero cneuannHoro oOpaaonaHuﬁ
) Jateritckoli CCP
Jatputcknit opnena Tpynororo Kpactioro 3xaneny
rocynapcraesttit yuuBepcuteT umenu llerpa Cryuks

Kadenpa GoTansxy

| MOUEGEPOBAFE M [IPOTHOSHPOLAHME
B E4O3KCAOTVH

- Copagx RAYYHHX TPYXOB

o BCTRHYC % rocyAancTbennNd yuanepcsareT awv. [ .Cryqwe
Pura 1982



B.A. Fanoguc, C.E.[locnenora,
. H.K.Paman _
ITY un. [.Crywzn (Pura)

MOAETHPOBARME BIMAHUA OCAIKOB HA
TEXYIMR PYPOCT JYEA YEPRUMATOIO
B TIOMMOCKOBLE

Jleciue PuUTONEHO3H 36NEHNX 30H KPYMHHX POPOJOR OOJBRpra~
wrea DOCTOAHHOMY X HEMPEPHBHO BO3PAcTamNeMy AHTDPONOreHHOMY
soaneficraup, Kovnnexe ¢axTopos, BO3ReRCTBYMINY HA Jeco:a-

. caxneHust JNeHHX 3O0M MOKHO MOAPASHENHTH HA TPV. RRUECTBERHO
PAAMYHNE TPYTUM: SATDA3HEHME BO3AYX4 W NOUBH ITPOMHMIEHHE—
MH BrOpocaMH; PERpEallMOMHAR NOATENLHOCTD;U3MEHEHWe IHIDON0-
rryeckoro pexa. B pesynsrare BosgefcTsus atTkx faxropor
HapYWASTCA CAMODErTIALMA 6ONeH030B, & MK JOCTHEEHUY Dipe~

: AENHHOT'0 YPOBHR OTDUNATENLHONO BOAJEACTBAA HAUMHAETCR [e-
I'PAAIRA OPEBOCTOES. ﬂbonecc Rerpafjanid B HAUANBHEX CTEAA~
AX NPOTEKAET OCHUHO BH3YANHLHO HE3AMETHO,K TONLRO HA KOHSU-.
HOM 3Tane HoABIADTCA €r'c NMPU3HARK: pPa3PeXUBAHHE KDOHH,M0AE-
NeHue cyxux Berpell, cyxonepmuHbe M r.3. llocxe nogmaerus
BHemHMX DDHSHAROS HErPAfiaIMM, OCTAHOBHTH €6 ropasjo Tpyh:iee.
#a mecrax ¢uroneHosos yucTBeHHHx mopod B IlogMockoBhe Hautc~
Jee YYBCTBUTENBHEMY K BO3ASACTBHD AHTPONGreHHEX (arTOPOb
oxas’anucs RYGPaBH, B KOTOPHX HASNOIAETCH YCHXAHM® M PHOEN:
fepesbeB. A cocTARNEHMA BRONOIQ-NMPOIHOCTMUECKOR OLEHRM Co-

crofilMA fUTONEHOSOB, ONpeNeNeHUA QUHAMMKS MX M3MEeHeHH#, B

ADNEHHA OCHOBHNX OTPUIATENbHEX (axTopoR RO3ASACTBMA U OT--
peTHO}t peaxnuy QUTOREHO30B HAMM MCMONLIOBANCA METOR MATEMA-

THYecKOro MogeauposaHuf. Teoperwyecko#t OCHOBOR 2TOro.nog-

X0JA ABNAGTCA IHAHUO OUONOIUIECROR peAKINU MUBKX OPraHu3~

MOB HA Bo3geficTBue BHemHux (axropoB, [fpr aroM yuuTwBaertcs,

uTO ORHO ¥ TOXEe BO3JeflcTBYE ORA3WBaET Pa3NUUHOE BAVIHUE Ha

OTAENbHNE KOMNOKEHTH APEBOCTOA W JTBETHAN PBAKUMA #HX Ha J3TO



poaneficreue TaKKRe DAISNuHA. PeSed Jajau Hamuy MccheRoBa-
HEl COOTLATCTROBMN TIKXR NOFABATENN IUHoUKUY Xoja pocTa
IDGBOCTOR, K&K TeKYW#YX NpYpOCT no 3anaty (-Z;() HoDaTHy -~
(ZQ). » '
OMMAPHUSCKUIT MATEDHAN cofvpasica 3 1978 ropy b Hacamge-
HUmE ayGa uepesuaroro [ocy 25CTEenHaro WeTonsuscrera 3ano-

peuiaza necnepixoda “Dopuy Jeuwxnovire™. Buao szzoreno 8 maob-
j¥¥ J°8pADLED © [ylpa-

IR Baarased 1 Rranto [9C Ciiinan o yeoWT
DaX, OTAHUAGIAXCS MO 80IPACTY, GOHKTETY 31 TIY JECOPACTH-
TRANIY, YCAoRHY, Desnitizz OTREshiH OpoCinnt nronanRer ot
0,12 zo 0,20 ra. Ea wugfch »3 HitY DDO%3IBOAMICA CICENSY re-
“ cera i Suziietd y I0-I2 nenchme-

PENEY JENCESEE, BIu4

T, ¥y 25-30 mepessen Gypa-
MEE, DNANUASHHEES BCCh Ne-

[SHEI NI R KOHC?WJHPGEM“
son lpuecnens Spanacs o
DACk LecTa. Cpepimit -
LORLOE HA YPOSHE KOp=eeoll
PILLEL KAXACIO KAACCH 30IPACTE FOCNE TONHOTO KX YeuaMin B
Bau6osee LeIPaRHMEOLaHHEY HTOURHOZAY,, WHMPMKD TOSHUENX 2oiey
Ba entax 4 00paduax, 33aTmi ¢ aowcwhic Synesa [lpeccrepe, u3-
annapatype, CHOHCTPYUPODBaHHOT B PuR~

sa onnegenzacs ¥ 2-3 pe-

nuan Coanics v R0-320 ge-

MSDARACDH Ha DABKTDOIOY
CIOL NOANTEXHMUCCIION UHCTITYTE.

Mo peapaberasrony 1.2, Jienoi [1]
POCACKTABLNY AUANMT  ¥ak O72eiSHLX KCDe3der,Tax % LOIWK Ha-
caaenii, PeTpocRertinul @naind oXIATUDAT NEPUOR CYEeCcTR0~
Wi CApRE42HN JOCTHRGRYA MM CDRINEN DE-

DTOM ONPEASRANRSS NOPOIMURHE 3Ha-~

AXTOPNTIY NEODONMACS PET-

s2tid QES30CTOR He
cot 8w g0 1978 rosa, :pn
NOHEA CCHOAMEY TRMCIIIONINS nezsaaTends, locronsxy adeconwr-
EALCIL QQTHCAT, KPOME METEOICAOTIYOC-

CT THIN 072 CROBA muTanun,

A0C2,

nesr 2eMtdiide DOLWHHLT

e N s parems R v cavir Rmim A A
B LHTQONGY RN GRHTONON,

anf ;)Zx;’.’!'.f‘?ifli)( ACpenL2B |

202DACTA HUCWHRAENUE ¢ CLAlHTIe
e, ?'Yc:)’?D.‘-'.,\" HAME ODUMeNNACT

apcooctors sonfser
GO BHRMCAITHCD

PICEKCORNE METOL, Vneney
KUK UTHOLEGHAC WULiY KOIbLA
waciol npupocta 2a nmeexsanne 30 aer (1),

/< ' (1)

Taow S,

- 0

1! roAl )
{ -PC Toaa ¥ cpenuel apudneTH—

e I - iore Torymero npupocTa N0 pasMycy:



- 1

"HPZH& I UUBIHOTO KOJLL l’ -rn voda,

COeHEE nUANEHHe JUDNGET DOMUNTY. XOXeu 3a

acaendse S oger.
B srcnepitizir onbHen KPUBRGI, MOCTROCMIMX NO MHAEKEAM, D I ia-
uprenplicl 100 JMCMHYEPYOTCH V3MOHE'Y S, SH3EAHFHE WHABL-
AVARLHEEM OCOSSHHOCTMIK N IKONOPINSS THLY YCNCRIAMK MOLETb~
HYX Jerecbes, [JuHaMiKa M3MEHERUE TCt/iero NpHpocTa No pa-
A7ycy, BRpameHHasl B MHNEKCAX HauGoNes aLewBaTHO OTpaKAla
YPOHOJOTMYUECcKe VIMEHEHUR NpUpoCTa MOE BO3XATICTEUEM aHTPO-
norerHoro $axTopa, WTO MOCHSONNO NLEHXUTH MOBEIEHUE MONEsb-
HEX [epeBben ¥ DLABHTL XAPAKTEPHHE NPU3HAXW WX AETpa0aluv.

Ha puc. [ npegcrasrena guHaumka #3imeHEHUS TeXywero mpu-

"pocTa No palryzy B nHiexkcax I ycoxuux QepenLes B 3aBHUCH-
MOCTY OT noapacTa. [pafury paccudTaln no METORY CKONb3AmMEi
cperuefi aa II ner.

. Hax emgHo Ha puc. I, CYTIECTBEHHBUT HPUTHUECKH! Cllgl Texy-
fEero MpHpocTa AYSpaB DA3HOI'C Kiacca BO3pacTa HACTVIMI B
1966-1987 ropax. lloxxoe. yesoeatme p,epesbeia HacTynaso,eciau
cpepuuli Texymuit MpApocT Mo paauyey cocraruan 0,4-0,7 M
(0,I-0,5 B MHOEKCOBKEX EgWHMLAX) M yMeHbwanca B 2-3 pasw.

M0 CPaBHESHU: C MAKC:14aSbHEM, YCWXaHME MOJIOUMX JepEEbeB Ha-
CTYNWIO Npyu GOJN€e BHCOKUX 3HAUGHUAX TEKYNEro NpHpoCcTa, v
TpPEHR WX NEerpajaliu GONee QUHAMHUEH. -
_ Anasus npoGuux mnomanel, XOTOpWe GHIY 32JIOMEHH B OCHOB-
HEX MACCKBaX AYCOBEM HACARLEHM{ |, I0Kasan, uTo GONBUMHCTBO M3
HIX HAXOQATCA D Kpalhe ONacHOM COCTOAHWK M OTHOCATCA K [IPOT-
KOCTKUECKH OTMypaniuM. ila puc. 2 npencraBneHa AyHamMMKA U3-
O MEHEHMA “CHYMEero IpUpPOCTA N[O PAAMycy B UHOEKCOEWX eauHHIuAs:
y DRIHODOJPACTAIIX HACARAEHMAX NyGe. Hacamuenua B pospacTe
90-II3 mer HaxoIsTCA B JIYUmeM COCTORHWM, TPEHNl WX Aerpags-
UMM HE TaK QMHGiier, xak y Hacarkgenuli B Bojpacte 45 ser.
CymlecTueHE02 B05:2CTAMIEC OTPHLATENBHOE BAMSHLE Ha e
coffacaxueii:a 3INNODRIMHKE OKA3LDADT prOh‘.EHiUIeHHHe BEONDOCH
¥OKCOran, ;00 31P0IY M olnul doi sarpasHequs sospyxa. Ci-
RAKO  OGUSoe LDHTNNECKEDC COeToAK: . vidaR TopiocKanb, -

2SI

XOSAOUXCH HE SAJHOM PACCTONHMM CT ..oTOUHUKOL Aruee . ¢
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VaueHenre m,x.chr‘o FpIpoCTa mo pamwycy R minorcax (I) pasmonosvactiig
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Ha pHUcC. 3 BHUAHO, UTO BenuunHa YAENbHOI'O DBéeca BIAUAHWA B
MDHE W NEPBLX ABYX ACKANAX WOIA HE NpEBKmAna KPUTHUECKOTo
YPOBHA Xi J,v,» & B TPeTLeR gexane uoim  Ha S npolHyx nioma-
AAX 43 B CymMecTBEHHO YBEJMUWIOCH OTPHLATENBHOE BAMAHNE OTO-
ro gakropa. [lo gaman H.A.Boposnro# [4),p tperselt gexane
nwons daxaHuypaeTcA il aTan opraHoreHesa - ¢opMUpoBaHyue 3a8-
UATKOB JNUCTbLEB, W HauuHaerca li 3ran - 3anomenue acelt My=—
cxoro couserva. Crenyaqufl 2KTUBHRIL nepuos HAGARIREeT~A B
neppofl ¥ TpeTheH Aexane Hoabps, nepsolt gexage nexalpa u,
CU2BANHO, CBA3AH ¢ TEM, UTO AYyS BXOAXT B 3yMy HA OUEHb Uys-
creuTeanHom Y[ oatane opranoresesa. B mHpape nonoxuresbHoe
BAMAHUE OKAJHBAET BHCOTA CHEXHOrO MOKPOBa, KOTOPAA Npefox—
pPAHAET KODHEBYO CHCTeMY OT OTpMUATENLHOMO BIMAHASA HMIKOH
TEMNEPATYPH. AKTHEHNE MEPHCAW B anpeXe,mae X UMMIE TEKYLero
roja COOTBETCTBYDT (TPOLECCAM WHTEHCHBHOTO pOCTA Y PAIBUTHA
BEreTaTMBIMX OpranoB Ay6a. ra nepswi B3rjaan axeTCA NapofoK-
cajibHiM TO O6CTOMTENBCTBO, YTO , 3a nexarueHueM Il gexamu
AMDADA, BWIUNHHE OCALKOBR HA MPHPOCT MO panuycy y Iyda B ax-
YHBHE MEPXOAH CLU10 OTDUUATENbHENM, JTO MOXHO OGBRCHUTH MOBH-
weHHoR! TpeSoBATEABHOCTHK AYOJA USPEUYaTOro X peaxiMyu [OWBH.’
Hecasnosanna A.®, HeaHora ¢ corpyuduxauul5]noxaaaan. NTO AAK
HOPMANLHOI'C POCTa M PajBUTHA Ay6a NOUBERHAA BIAr'a JOJXHA
umerb pH = 6,0-7,0. B ycaomsuax Noguockonsa 9Ta peaxipn obec—
neuyBalnach I'PYHTOBHMY BORAMM H CCANKAMM, CHOPMMPOBABIUMUCA
B arMocPepe  OTHOCUTEALHO CBOCOAHOR OT MPUPOAHHX ¥ AHTPONO-
PEHHWX HCTOUYHKKOB 3arpasdenns. LanHwe nonesoft craHimu KHcTH-
TyTa arpoxiMun u nousosesenua AH CCCP [6] noxaswsaor nosume-
HHE XHCAOTHOCTH ocanxom 2a [978-1978 rr. wa 1,5 eawrmmm, a
B 1978 r. ormevanocs pri atmocdpermx ocagxos J3,7.

PeayabTaTh HAWMX HCCAEAOBANMA MOKAIHBADT, WUTO OQHOMO JMb
KCKYCCTBEHHOTO OpomeHKA AySpar [loAMOCKOBLA HELOCTATOUHO AR
NpejOTRpAmCHUS UX LafbHefme? gerpasjarmu. !leolxoanma cHcTea
MEPONPUATUA N0 HEATPANKIALMK OTDALATENLHOrO BOJIAEACTBHA KUC-

AHX OCAUKOB. AAA. PAIPAGOTKA TAKOR CACTEMs TpeSyurea falhHed-

WHE HCCACNOBAHKA.
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Banoguc B.A. ,Pamanc K.K.

Jarsrficxuit opnexa Tpynosoro KpacHoro 3HameHu
rocylapcTBeHHHH yHuBepcHTeT MM.!leTpa Crydxm

METOJUYECKH IDIXOA K OMPENENEHVD
AHTPOIDTOIEPAHTHON T'ETEPOTEHHOCTH
IPEBOCTOA

HeyxnoHHO BOSpacTaomee AHTPONOreHHOEe BO3AZHCTBHE Ha
JIECORACAXJIEHAA BOJM3K KPYIHHX HACENEeHHHX OYHKTOB MpiBO—
INT K JerpajallA¥, & WHOT'IA H K NOJHOMY pa3pyNeHHD JECHHX
GmOLIeHO30B., B peRpealMOHHHX GHOLIEHO3aX MepBOCTEeNeHHEM
paspymamnpM ARTOpOM ABJAETCA BHTanTHBaHMe, OHO B mepByD
odepelr BJMAET HA HEXHMe ApycH fmroueHcs3a. [oaToMy m3y-
YeHED B DEKpEAamMOHHHX SOHAX OCHYHO MOJBepraeTcA XEBOR
HANOYBEHHH MOKPOB, & COCTOAHHE JepeBheB YYHTHBAETCA
Jmnb 9ACTHIHO. HApAJNYy C TeM He MeHee BAXHO NpAMHEM OyTeM
BHABETh CTENEHs M IMHAMEKY [polecca JerpaJAlME JDeBOCTOH,
KOTOpHE ARNAETCA OCHOBHHM ONpeJleNETeNeM CTPYKTYPH Jec—
HHX OHOLI@HO30B.

BoccrasopneHEe JeCHHX CHOLEHOSOB, B KOTODHX yXe OTYeT-
JEBO S8aMeTHH NDEIHAKH JErpAJAIME IpEBOCTOA, TpedyeT Ooab~
IEX SaTpaT MATeDHANHHHX CPeACTB H BpMeHH, [loaToMy Bax~
HO 3adNaroBpeMeHHO, O DOABJNIEHHA BHSYANLHO SaMeTHHX
NpA3HARCE NOBpPEXIEHHA, BHABHTH KOJHYeCTBO IECHyNHEX Le-
PEBBEB B JPEBOCTOE.

OdtexTHBHHE CBEL6HHA 0 "CAMOYYBCTBEE" JIepeBa B pas-
JHYHHX NEepHOJAX €0 XM3HE MOXHO [OOJYYHTH OyTEeM AHAIH3A
H3MEHEHRA NEPHEHH IOJHYHHX KoJe BO BpeMs CymecTBOBAHRA
lepeBa, Ji1A ONEHKE BOSMOXROCTE NOPOTHOCTHYECROIO BHABJIE—
HEA SACHXADIEX JiepeBheB N0 KPHEBKM H3MEeHEeHHWA NRPHHH I'O-—
INEYHEX KoJiern, HAM® Owio odcaenopaHo 200 COEAOB, B3ATHX
OT COCel,3aCOXHYBMEX B DEKDPEANHOHHHX JieCAX KYPOPTHOIO
ropona Dpmana.

AHANMA3 KPHBHX H3MEHEHWA MEPEHH TOLMYHHX KOJel BO
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BPEMEHH NOKA3an, 4YTO B GOJBIMHCTBE CIYYAEB Nepexojl or
HOPMAJIBHOT'O DOCTZ K DOCTY Nepej, BACHXAHEEM NPORCXOMET
04YeHb PEe3KO = KpHBAA NHMDRHY T'OJHYHHX KROJEl] B TeYCHHEe He-
CHOJLKEX JeT NAJAeT AC HEKOTOPOTO MEHEMANBHOTO YPOBHA, HA
KOTODOM OHA JIepXMTCA Bech NEepROJ SacHxAHMA. [pmEa romrs-
HHX KOJIell § COCeH, KOTOpHE 3acHWXADT, BADBHDYET Y PasHHX
BEHIMBHIYMOB OJHOI'C BO3pacTd. TeM He MeHee BHABNAETCA 9eT=-
KaA B JOCTOBSpHAA (ypoBeHs LOCTOBEpHOCTM 95%) OTpENATEN:~
HeA Roppexdaiusa (koadh.koppensime r = =0,58) wexny sTEM
noxasaTeseM H BO3DACTOM COCHH — YeM OOJklle BO3PAcT, OpH
KOTOPOM NlepeBO 34CHXAET, TeM MEHBIE WMEPEHA TOJETHEX KO-
Jey. 9Ty SABHCEMOCTH XADAKTEDH3yeT CAejyumce ypaBHeHHe
PEerpeccH:
y= 0,008x° —4,664x + 783,687  (I),

rie X - BOo3pact cocHd (B ropax), (30 < x< 290);
Y = CpenHAd NEDHEA I'OJETHEX KOJEL OPH SACHXAHWE
(3 woxm),

Onmaxo Redonnmol, B CpelHeM 34 ‘MOCJHeIHEe JeCATENeTEA
TeKymEff OpEpOCT JipeBecEHN, coorBercrRynmmft (I), eme cam
no cede He CBHIETENLCTBYET O TOM, WTO JICDEBO CTpajaer oT
OTPEIATEARHOIO AHTPONOreHHOro Bo3jeficTBEA. Jlispessa ¢ yo-
KEME DOJENIHEME ROXBOAME MOKHO HAATH H B OTEOCETGNEHO HE—
88TPORYTHX YeAOBOKOM JNECOBACEXIEHEAX ¥ NONOOHED "Moraw-
manpEEfl " TexymER DPEPOCT HEROTODHX HHIEBRIYMOB MOXET
IMETBLCA B TEYEHNe MHOI'EX Jet. [lociepsee OOmACHAETCH eC—
TeCTBEHHOR I'eTepOreHROCTHD JDGOR DOMyAAEE COCeH.

PesyxbTaTh ABANNSA XOJA KDHBHX EEDEHH IONETHEX KOJXEl
OOSBOLADT MpeACTABETH HOBpPeXJieHEHHE 9YeNOBeRKOM JpeBocTofl
cymmofl 2 coporymHocTefl nepeBbeB - I) OPOTHBOCTOANEX Bpefi~
HOMY EHTDONOI'eHHOMY BOSNEACTBED K 2) pe3ko CORPATHBIEX
OpPEPOCT B peayAkTATE 9TOro Bo3nelcThEA.

A BUABNAMEA STHX COBOKYNHOCTEH HAME pA3IpAGOTAH aj-
COPETM, KOTODHA MH NMPAKTEYECKH DEeaJHIyeM OPE NOMOME NpOT-
pamd, oraaxeHHux maA 3BM tEma  GE —400. Mo sromy amropmT—
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My SMIEDEYECKSS KpHBAA pPACOpeleNIeHHA CPEeJHEX HMADER I'0OXI%-
HHX RoJer KoHRperHoffl mpodEOR mroman® cpapHRBAeTCA C Teope-
THYOCKEMA KDEBHMW, ROTOpHE BHYNCJADTCH KAK CyMmMa 2 KDE—
BHX nopm.nmm pacnpe.nu

b e [ enp ‘Bl %)} e

rne .!; - cpe.mm npm TONMYHHX XOJel | =TOro Kuao-
ca TeoperNYecKof kpmBOR pachopereseHEsA;
¥, - OEHJAEMOE KOMEYEeCTBO JlepeBHEB B | —TOM
RIacce;
C = EHTEpBAN I'DYIIEPOBEX;
n,uf, - EOXEYECTBO JEPERBAB, COOTBETCTBEHHO CTpa~
Jaomx (I) ® He cTpajanmux (2) OT aETpoOmO-
T'eHHOI'0 Bo3jeficTBEA;
¥,ul, - cpeamas NNpKEA IOANYHNX KOJEL BO MHOXECT-
pax (I) x (2);
S,uS, = CraEjaprEOEe OTKIOHeHNe InA MEcXecTB (I) =
(2).

CorsnacHo pa3padoTAEHOMY SATOPETMY, DOCTENSeHHO MEEADTCH
BeJEYEEN M, ,f, XS, K, ECXONA KONEYECTBA JAHHNX, CYMMH
¥ CyMMu EBAJDATOB JAHHHX, DOXYYEHHWI SMIONDNYECKN LA HC—
crenyesmo MpoGHOR MromaNE, DOACHPADTCA E€INHCTBEHHO BOS—
MOXHHE BeJEYEME N, , I, X S, . H3 TeopeTHYOGCKEX XDMBHX,
NONyYEHHHX JTIOMAHYTHM o0pasoM, BHOEpaeTcA T4, XOTOpAd HEm-
Gonee cooThBeTcTByeT asmmmpEdecxofl xpmBofi pacmpenencHER
CpeJHAX NNDEE I'OANYENX XoJef EccXelyemoR mpodhoff mroma-
In. B cxyuae, ecom 8TH ofe KDEBNe He OTINYADTCA MeXJy CO-
6ol mo xpETepEp Komeoroposa-CsmmpHOBA, NOKA3AHO, 9TO B
EccaenpBaEmoOf mpOCHOR miomaTm AoxA nepeBbesB, CTPANADMNX
0T BpPENHOI0 ARTPONOIeHHOrO BO3NEHCTBEA pABHA COOTHODEHED
n, /(N+1y)  (3). OmEcaHAN? aATOPETM NO3BOJAET MpOCJENETh
38 IAHAMEKON ESMOHEHREA NOJH 3ACHXADOMX IEpeBheB, TAK KAK
CooTHOmEHRe (3) MOXHO DOACYHTATH AA JDOOTO NEePROJA peT—
pocnexmg.



MaHMCTEpPCTBO BHCIErO M CPENHEero CHelMasbHOr0 OOp&3OBAHNA
laTsnitoxoit CCP
Jarsuftckn#t opnena Tpyaosoro KpacHoro 3nameHn
rocynapcTBeRHEN# yHmBepcHTeT EMeRM IleTpa COryus:

. Kajenpa Gorammey

MONEIMPOBAHME H NPOTHOSHPOBAHHE B SKOQJOIVH ~

-

MexnysoBcxafl COOPRES BAYUEMX TDYROB.

-

Rerwmicned rocymapcrBennuli ymesepcxter uM, II.Cryurs
Pura 1578



B.A.Daaozue, i, K, Pauny
JTY sl 01, Crydurn (Pura)

K OUEHKE CTPYKTYPY ZETPAJALNY PEXPEAUZCHHHX
JECOHACAZIEHMA M0 TEXWMEMY MPIPOCTY APEBZCHHY

Jlec MOL RIMAHKMGM DEXDearfnoHHOTO CA0MB30DaHUS ITpo-
XOANT DPAJl XaPAKTEPHHX cOCTOAKHA. CTaaxD PEKPEeaunOHHOE Xe-
npeccus, B XOTOPOR HAXOAATCE JNeCOHAC2RLEHMA, MOEHO Cmpe-
JEMHTh U0 COCTOSHED MOACTIJIXY, NC HAUCDY TPRABAHKCTHX B~
JOB B EKBOM HANOYBEYHOM MOKPOBE, MO COCTOAKYD MOLDCCTA X
IOAY BHTONTAKHHX YYACTKOSB [I] . ORHOBDEMSHHO C MOLUECCou
pe:cpeauuouﬂoi{ ALenpeccu D ITHTCJABHOU BHTANTHBEZHUK JleCco-
HacarJleHuA HaqdMHAeTCA ¥ JAerpaialuA B3PCCANX IEepesbes.
-Tlpouecc nerpazanxi IEPCBbeR ueHee AMHAMMYEH [0 CPABHEHMD
C KenmpecCHeR JecoHACRZNEHHA M NOASAETCA BHABJIEHMD MO BHew-
HHM NPHIHAKAM YAaCTO TOXBKO TOrA&, KOPA2 AKOCTHLHYTH BHCIAE
CTeNSHy Jlerpafialiiy ¥ HaY#HAeTCA MacCOBOE BHNANEHHe NePEBb-
ep. [loxo0uNe JeconacakleHud ZaXe B CIAyqae HeuenJEeHHHX K
cauNx aKTABHHX MEDONPUATHA MO KX CMNACEHHD MOCYyT Ha npo-

. AOAXHTEJBHOE BDEeus TEPATE CBOY DEKpealKOHHNE CBoiicTBa.
ToaToOMy BAXHO HAATH BOSMOXHOCTH OLEHKK COCTORHMA JpeBo-
*CTOA J1I0 HACTYNJEHHA MacCOBOf rudenu JepeBhes.

CTPYXTYDY A2rpaiaurH LPeBOCTOA MOKHO X3PaxTepH30DaTh
Josied AepeBbed, CTpPalaDgEX OT DPEAHOrO AHTPONOTEHHOTO BO3-
AefcTBrA. CpPei¥ MPH3IHAKOB, XOTODHE OPHTOAAH IJA OTEHKA
CTPYKTYDH Lerpasauus APEBOCTOR, BHMAEAALTCA Texymu® mpH-
pOCT ApPEBECHHH. JTOT NMPUAHAK KaK OOKA3I2TEN: COCTOAHKA He-
peBben yA0O2H Teu, 4TQ WHPHHA COAMYHKX KOJEU JAeI'KQ M TOY-
HO H3uepHMa, cHocoO8HOCTH K DOCTYy OOBEGKTHBHO OTpagaeT ¢oO-
CTOAHHE PACTHTEJAbHOIU OPPAHK3UA, OO HIMCHEHHD HKPHHH ro-
JUYENX KOJICL B APEBECHHE WCEKC AGCCTAHOBHTH INHHAMHKY Te-
KYUEl'0 NPHPOCTa BO DDCUEHH.

LacToAmaA panoTa NOCBATACTSH DHACHEHMD XApaKTEDA
AOUCHOHNN TEIQ!HIE‘I‘O Upnpocra Gopeld JdCoXadKeu aepeBbed H
OUCY ZXCHMD BOJUOEHOCTH OUCHKIH CTPYKTYPH ASTPALZAlAK Ape-
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BOCTOA 110 TeKymewy HPrpOCTYy JLeBecKHH,
Marepuad NAA DemeH¥Hd NOCTABAEHHHX 3azauv Owa colpan

B I975-1977 ronax mpy oOcja2NnOBaKMi PEKPEALMOHHHX JECOD Ky=-
popTHOTo ropona Fpuxaia. Buno msaAro donee 200 COnHIOB HA Bh~
cote I,3 u Jy 3aCOXIKX B pe3dyabTaTe BITANTHBAHRA COCeH.Boa-
pact fepesseB - 0T 30 xo 250 ner.

Ha counax, OTHENBHO AJA DEROTO, CEBEDHOI'0, BOCTOYHO-
ro ¥ 3amalHOro HampaBieHKud, CuJA KINEDEHA WHPMHKA BCEX Io-
IHYHHX KoJel. {3uepeHHA NpOBOAMM HA CHEUKAJBHOR YCT2HOB-
Ke KOHCTDYKIMH PHXCKOIO NOJHTEXHAYECKOI0 HECTHRTyTa. Paspe-
marmas cnocoOHOCTh HaumepeHuf 0,0 uu, TOYHOCTH HIUEDEHHH
+0,03 uu. PacyeTH W 3apHCOBKY KDPHBHX OHJIH BHMOJHEHH MO Ha-
mau mporpaumamw #a 3B Tuua GE -400.
¢ KpuBHe H3MeDeHA mupKEH Toamumsx xoden (Z ) ¢ Bo3-
pactou (€ ) ODONyyeHH OTAEJBbHO AJAA KAXAOro CHmjaa .
UakCHuaibHHE 3HAYEHHA BeJHURHA Z JHOCTUIaeT. A BTODOM-
BOCHMOM JI€CATHJIETHH XASHM COCHH, MavCcKMaNbHAaA CPeAHAs 3a
II neT OKPUHA TOARYHHX xoJdeu (Zmar) XoJeCIETCA §y Pa3HHX
RHLRBHIYYuOR OoT 0,9 uux a0 4,7 wu.

llocse AQCTREEERA MAKCHUAJABHHX BeMAUME TEKyHero mpx-
pocTa, WHDPKHA FOAHYHHX KOJIEl ¥ COCEeH, KOTOpHe Re MoABep-
FaliCch BPENHOMY AHTDPONOreHHOMY BO3JeACTBED, C BO3PACTOM
YUeHbUIAETCA NOCTENEeHHO H PABHOMEDHO. B oTBET Ha CHJAbHOE
PHTANTHBAHHE MANSHWE BEJHYMHH Z peskoe - 3a I-3 roza re-
KymAR NPHPOCT yMEHLNAETCA A0 MHEMMAILHEX BEJHYMH, NPH KO-
TOpPHX OPOHCXOJAHT R SacHXAHHE COCeH, * . [xpxHa roamy-
HHX KOJEI y COCEeH, KOTOpDHE CTPananT 0T BHTanTHpaHKA (Zmiy)
Kosedaerca or 0, wmd A0 I,3 M.

BesuumRa £ BapBHDYET Y P&3HhA EEAKBRAYYMOB OXHO-
ro pospacra. Teu He MEeHEe BHABJAETCA A0CTOoBepRAaA (ypoBeys
LOCTOBEPHOCTH - 95%) orpnuareabﬁas Koppeaditka (koaddumm-
€AT KOppelAlmE /"= «0,58) MexZy aTHM DOKA3ATEAeM K BO3DEC-
TOM COCEH - 4ew 0ONbIE BOSPACT, TEM MCHBIE BHDHEA T'OARY-
HUX Eolen. 3Ty SABACHMOOTH OTpAXaeT CAeAynwee ,PaBHEHWE
perpacce:




Bpm 0,008 62~ 4,644 +783,637 ., (1)

rue ¢ -pospact cocer { B romax), (30< & & 250);
Z¥r ~CpeXHAR WUPHHA FORKYHHX XOJEel MPH 3acH-
xaHzn (B uKu).

Or BO3pacta 3ABMCHUT TaKEe MPOJOAXHTEJBHOCTH MEpHOAa
MUHIMATBHOTO TEKYmEero MPUDOCTA Neper 3ackXaruer. LeDessA,
KOTOPHE HAYamyM CTPazaTh OT BHTANTHBAHAA B BO3pacre 20-30
JeT, NOJHOCTBD 3acu¥anT B cpelHes vepes IO Jer, a COCHH,
KOTOpse NOABEpranych BPelHOMY BO3AeiHCTBAD BHTANTHBAHXA Ha-
qpgan ¢ so3pacra 100 u doaee ner, XepxaTcA oduyHo Ooree
30 xer.

IpM aHafR3e XPuBHX M3MeHeHus Z o L IJIA MoMO-
IHX cOceH,0CHADYX2HHE TOYKH Nepexola K Nepnoly MHHKMAIL-
HOr0 TEeXymero MPMpPOCTa, Kax MPaBRAO, He NMpeACTaBAAEeT TPYA-
ROCTER - 3TOT Hepexol 4YeTKO BHPaXeH, TaK KaK 0GHYRO Mpo-
HCXOAUT NaleHue TeKymero mpupocTa OT 3HaueHud, OAWIKAX K
fm, R0 Zmwn « A MOJOIHX APEBOCTOEB TaKiM 00pas3ou MoA-
CyYyeT LOJH AepeBbeB, CTPALADMEX OT BHTANOTHBAHHA He Mpea-
CTAJIRET TPYAHOCTed.

B cuayuyae xe 3pemx coceH Oepexoi TeKyuero NpMpocTa K
YDOBHD Zm¥n HE BCETAA CTOJAL OYEBMANO BHDAaXeH, TAK KaK C
yBeJMYEHHEM BO3PacTa MPOHMCXQAAT ecrecrneuuoé‘yuenbueune
Texymero mpupocra. L1d 000CHOBAHHOTO OOHADYXEBHA TOYKM Oe-
pelfoua B NONOOHHX TPYAHHX CJAYYaAX HOABAAETCA He0OXOAAMOCTH
B NoaXoAAmeM CHOMETPHYECK U METOAE, NOIBOAADMEM OLEHHTH
ZOCTOBEPHOCTD PA3NKYMA MEXXY HOPUASHHHM TEKYMHM MPHPOCTOM
¥ Zen. QCHYHO MPKMEHAEMHM B MOJOOHHX CAYYAAX KDHTEDHK
Creraedta #1% OEDepa 3AeCh He NPUTONHH, TAK KaK pachpene-
JdeHue BEXMUMHY ZwmK Takxe Z JOCTOBEPHO OTJAMYAETCA OT HOp-
MALBHOT'O pachpenefernd.

flpit nepexoxne cocel K NEPHOLY UHEMMAJIBHOTO TEKYWEro
npepocTa HAaSALIa8TCA Desxoe yuciuie iie adcoIDTHOR BenAvn-
HN CRCTOAHBY KOoaedauud TORYUEC0 ruiceTa. ONHAKO HCNOSb-
DOBAHNE ReldMALE AMCHEDCHW AJH QUIDVEIeldA repexona oT
HOPWALHOT'EG poeT X RETEOAY MP MU, SHEDG Jedynero npapoac-




—d -
Ta He oMnapinysaer cedﬁ, TOCKOJBKY MO HAUHM JAHHHM MEeXLY
BEJAMUYMHON TEeKymero MpEpocTa ¥ ee NCNepcHef 1ueerca jJoc-
rosepran (YPOBEHEL AOCTOBEDHOCTH 95%) JMxHelHad KOppeaaunus
( ~ =0,84),

Quexza CTDYKTYDH Lerparauu: N0 DMINDH'IECKEM KDIBHMU
pachpeneerus BeJUYK Texymero mpupocra. Hcxols u3 pesyns-
TATOB ANaji¥3a KDABHX 32BACKMOCTH £ oT  AJ9 3a8COXEKX CO=
CeH, NMDeicrazJfeTcqd BOJMOXHHM OUEHHTH CTPYKTYpPy Zerpana-
UXY APEeBOCTOA [0 OMMHPHYECKHNM KPHBHM DacnpeleJeHRA CDeIHmX
32 nocaerHue II JeT DUPKH DOAWYHHX KOJell. -

YuyTHuBAA TO, 4TO, BO-TNEPBHX, BHTANTHBZEKHE BCErO Npo-
CTpaHCTBA JECOHAOAXZEHHA OOHYHO MPOHCXOAMT HEPABHOUEDHO,
BO~BTOPHX, OTAEJbHHE NepeBbA 06JanapT OTJKYapmeRos 2HTPO-
MOTOJIEPAKTHOCTED, TOBPEXNIEHHOE YeJOBEeKOU JEeCOHACAKIEHEE
"WoxHO MPeACTABHTH KaK CYMMY 2 COBOKYNHOCTOR IepeBbes:

A - NPOTHBOCTOALMX BPENHOM. AHTPONOTEHHOMY BO3XefiCTBHD;
b - Pe3Ko COKPATHBNKX MPUPOCT B pPe3ynbTaTe 2T0r0 BOSNEdc-
TBUA.

C UeaBD XaPAKTEPHCTHKH COBOKYMHOCTY B, UH HOCTDOMIZE
KPHBHE DachpeNefeHHA CPEeHMX 32 MNOCTeNHHe Mepel 3acHXauu-
eu II JeT BeIMYMHA  AJA KaINOr'0 BO3PACTHOI'O KJAcCCa COCEH.
3TH SMIOMDHYECKHE pacrhpelleleNHs He OTIMYADTCA NOCTOBEDHO
0T COOTBETCTBYDIMX TEOPETHYECKHX HOPMANBHHX PacHpeneJeHHR.
B rauecTBe MCXOAHHX JAHHHX IJIA COBOXYMHOCTH A MOCJYXHAH
BEJHUHHH £ , KOTOPHE OTHOCATCA K MEPHOAY POCTA COCEH, KO-
la OHH He cTpaja/M OT BHTANTHBAHHA. H B ZAHHOM caydae LiA
NOMYYEHRHX SMIMPHYECKUX PAcTpereleHHA He OHAO0 OOHADYEEHO
JOCTOBEDHHX OTJRYHA OT COOTBETCBYDNHX: reopernqecxxx HOp-
MATBHHX pachpeneneHuft.

OMIOTHDHYECKHE KPHBHE conouynnocrea‘A # b onmoft ® ToOft
Xe BO3PAacTHOR rpynfH NMEepPeKPHBADTCA APYr ¢ ApvroM. Cremeds
NnepeKpHBAHRA BO3IPACTAET C BO3IPACTOM COceH. CJAeXOBaTeAbHO,
1A BHJENEHNA COBOKYNHOCTER A m E B coryvae araimsa ecTecr-
BEAHHX NecoracaxleHnft, HeoOXoAKua MOAXOAANAA METOANKAE AXA
pa3’fieNeHHA BMMHPHYCCKEX KPHEBHX, X3PAKTEDESYDEEX RAXIH" aga-
JR3HpYeuHA npepocTol.
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" JUA BHABNEHEA cOBOKynHocTe’ A um B Hauu paspadoran
AJTOPHTM, KOTODHY MH MPEZKTHYECKH Deanudyeud NPH NOMOLK
ApOrpsMu, OTJIAXCHHHX AJIA 3BM Twma GE -400. Ilo 'atouy an-
COpATMY KP¥Bad pacApefiefeHuA CPelsuX mHPUH TOAMHHHX KOJey
KOHKDeTHOR TpOoGHOR MIomazri CPAaBHMBAETCA C TEOPETKUYECKUMK
KPHBHLM, KOTODHE BHYMCJAADTCA K2K CYuMa 2 KPUBHX HOPMANib-

HOr0 pacnpeAeterus:
¢ qf_ﬁlr-_qcm??ﬁi‘—3f5/03 ¢%€/rdﬁ féﬂg)

TRe & - CPelHAA TWDHHA TORHYHHX KOJeL ¢ -roro
KJacca Teoperiyeckoll KDUBOR pacmpenesexus ;
&' - oxuzaeuce KOJMYECTBO AEDEBBEB B ¢ -OM KIAC-
ce;
C' - uHTepBAN PPYNNEPOBKHK, NOAGHPACTCA C YYETOM,
urolH ®omMyecTBO Kiacco® ( ) Owrno Coaee
I0;

T4, M5 ~ {OMMMECTBO LEDeBLEB, COOTBETCTBEHHO He
ctpazaomux (A) - crpazaomux (5) oT aHTpo-
noregroro sosaeicteya (724 *72g 2 200);

HMa;llg— cpenuAn apuPueTVYecKad WEDHEA TORMYHHX

' KoJell B COBOKYNHOCTAX A K B;

Ta, G5 - TEOpeTHUECKOe CTAaHIapTHOE oPKAOHEHHE ANA
coBoxynHocTeR A ¥ B.

CornacHo palpaCoTaHKOR Oporpauue, Nepen BHYRCAERHEM
NoAGHPaDT XeJaaewoe xoauuectso "maror® ( $2 ) xexaewyn
rouocrs () pacueToB. [10260p TEOPETHYECKHX KPHBHX OpO-
HIBOAKTCA CAEAYDGHM O00pa3ou. Bo BHemseM UKKJAE BHYRCAEHHR
NOCTENeHHO NOAOWPADTCA S2 DA3JHYHHX IHAYEHHA 725 , HAYM-
Aol or 5 =0 K Kouwad ?g5=/1 ( rpe /T - obmee KOMHIECTBO
YUHTHBGEUKX nepenben). Bo BuyTpesHMX umkjiax HAET ODOA30p
COOTBCTCTBEHHO §2  pasamynuy swavenEd 4s ( or O Mo

',A’o‘ =0, Sj‘gf E.Ar'/fl ,rre =/ N3UEDEHHA UHPHEH [OAKYHMX
KOel) H TAKOe XK€ KOLMUeCTBO Pa3/MuKkX 3Havenuh Oz (or
0n0 U5 =8 rae & - CraniapTHUE OTSLOWEHKE IMIHPIIYec-
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dee [OLYUEHHNE PadyNue XouOMHAUMK s , Ls , Gs HC-
A0ALAYLTCA LA BHMACACILIS BOSIOZHHX TCOPETHYECKYX HDUBHY
no (2), #om0DHe CPaBHMEBALTCA C SUMNMPHYEcKO# Xpn2od. Ha
BCeX TEeOPeTAYSCEEX KDXBNX BHCUDAGTCA ORHA, HauJoree OJms-
s aunupuydecxofi., Jfanee (epauerTpd BHSDAHEOX XPUDGR HCNOABL-
?;yn*rcﬂ LaA CGosee To4rOr0 i10adopa TecpeTHveckofl Kpusod. LA
27000 ONKCAKHAT [POLEL} TIBTODAETCE 7% pas, mpd CyZarmef-
CA AUTIHTYRE %CHOAB30RaNKKY TADAMETPOR. &

CreneHk COBNAfLEHHMA TEOPETKYEC( (02 KDKBORA, NoJdyyaewof
B PesyasTaTe PACYETOB W SMIHDKSECKOR KDPUBOA, OLeHuBABTCA
DM MOMOWUK KpETepiA Koaxvoroposa-Cumpsosa (A ) ['2] ‘
B caywae, eCaM UGIAY ITHMit KDUBHWMYM He OCHADYXEHO AOCTO-
BEDHHX OTJAHUYMA, N0AA NepeBLEB, CTPANADTMX OT AHTPONOreH-
woro moszedcrTeuA (2] ) BuvncasgeTcA Kak cooTHomexme (6)

,42”—6‘/(??_4 r25) (6)
OmicagHER aJTOPHTM MO3BOJAET MPOCAEAHTL TaKkEe 3a ﬂﬂﬂa:ﬂiﬂ(oﬂ
WILUEHEHHA CTPYKTYP: Herpanallié, TaK Kak cooTHomenme (6)
MOXHO MOACHRTATH AAA ADGOTO OEPHOAA DPETPOCIEKUHH.

JurepaTypu -
1. iaseucxasa H.C.,Jlanuna B.B., Uapdenesw H.H. Pexpeannon-
rue nmeca. M., [977,c.1-%4.

S Liega . dicretirija. b, [Y74.
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H. A. JIHEIIA, A. . [IPHKE, B. A. BAJIORHC, I'. E. NOCNEJOBA
JlatBriicknit rocypapcToenHblf yHHBepcHTer MM, I1. CTy4ukH

PEAKUHSA EJH HA NPOXOAHbLIE PYBKH
H ONTHMAJIbHASS CYMMA NJOWALEH
CEYEHHWM APEBOCTOEB

ITocne py6ok yxoma Tekyulkit npHpocr enn veeanynsaerca. He-
TCHCHBHOCTB 3TOrO Npouecca 3aBHCHT OT KOMMNekca (aKTOpOs, Xa-
pakTep u cina aoaneﬁcrs:lm [KOTOPHIX H3yyelnl eute caabo. 310 061
AICHAETCA Kak UPE3BbIYAINIOfN- CNOAKHOCTLIO ACCHBIX LHOTEOLEIQ30B,
TA4K If HELOCTATKaMIl MeToauyeckoro xapaktepa. Koadduuuenre
NapHON Koppedsiliii A1 COOTBETCTBYIMILIE 1OPPeIALIONHEE OTHO-
WEHNA MeKAY TEKVULIM [IPHPUCTOM 1 (PAKTOPOMIT CPedll he urpa-
KAWT UCTHHHYIO CIUly BO3ACACTBHS. 3HayeHHC ITHN AoKdsaTede
CRA3N 3ABUCHT 0T MYALTUKGAHHEAPHOCTE Mealdy cohoil 1 one
recagposaniil, [lennapays - NOKA2aTeAL VAeALHOTU wecd  BAWSHHA,
HAVHOTI HCTHHHYIO CBA3L MUARMY TERYULHM JHHelHbM  DHilpOCTOM
QHCTLIX 1l CMELUAHYbY euBLX APEBOCTOCE 1T MHOKC. THOM  PAIHLLL
(pak10poB (CyMMa OAOILALeH Ceuelist nepeld PYOKOR, GTHOCHTeNL:
Has BeJHYHHA CYMMB MAOWAACH ceuenisn 11 3anaca BulpyGaeHHOH
nacTy ApeBOCTOA, BO3pacT, BLICOTA, AHAMETp, CpelHee 3HayeliHe
WIPHHbl FOAHYHOrO KOJbLA 32 AECATHAETHH[ NepHOA neped pyo6-
KON, YHCA0 JeT nocae pVOKH, YHCI0 depepbeB, JOMHHATHOCTL TOPOL.
MOLIHOCTD Pa3HBIX TeHeTHYeCKIX CI0CB NOuBLI).

IIBB\‘CTH(’J. yTo © NOBbIUCHIIEM HITCHCHBHOC™I! H3PERHBAHIA L=
pHHA roan'tHoro Koablla ean )’Bl‘.’ﬂl'lllﬂﬂt‘TCﬂ_ a4 CvMdMa n.'l'OLIli'lJr‘.'!"I
ceyenns yMelbulaeTcs. B3anmocsass MCATY H3MeHncHHeM 3THX
lapaMeTpon ABIIACL ONOPHOR TOUKOR 1715 pa3padoTKit HOBOI MLTO-
MK ONpeac.acHHa ONTHMALIOH CYMMbI HAOWL 0T (‘l“H_‘l'h;S!_ fpH
WOTOpPON TOKYULHHA o0LeMHbBIT NPHPOCT IMeeT HanDOgLUICe  siaie
S
1M
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I
A.N.Ksypuns, B.A.banoanc, B.i.JwsHckan

JaTRMACKNE rOCYynAPCTBEHHN YHUBEpPCHTET
wu. l.Oryyky, Pura

METOAWYECKIA JIOLXCA K BHABAREHAD
HAYECTBEHHO HUBWX TEHZEHUM
B AWHAMAKE BROJKOJNOTHIECKUX CHCTEM

CzMH W3 ABHO HENOCTATOYHO PA3pa’OTAHHNX PAIAENOE
20BYRMEGHHON MPOTHOSOHOMKM - TEOPETUKO-4ETOLHYECKHE QCHC Y
uycruoaupaaéaan OXMNARULYX KAYECTBAHHHX HM3NEHelH[i CHCTeMN.
COB|:2MEHHHE OPOrHOCTUYECKUE NOAXONW NMOCTPOEHW B OCHOBHOM
H28 5SKCTPAMONAUKE, T.@. APeANONOXEHMH, YTO PA3BHTHE MPOr'HO-
aupyeucld cncTeds ¥ BNpexb OyxeT (POMCXOIHTH B NpHHuMNE TAX
A€, KaK B DpPOQJHA Nepxoi nawux HaG/waeHuit. Taxolf moaxon
MPOTHBOPEUUT HE TOABKO AMANEKTHKE, HO M NPOCTOMYy AMMApPHYEC-
KOMY OnuTy. Mu 3HaBM, YTO TARK HE3uBAeMOe PE8BHOBECHE B KO-
CHCTEMAX MePHOIHYEeCKH HADYWAETCHA KAK KX GCTECTBEHHWM PAlEu-
THEM, TAK W 48A0BEYSCKOH NAEATONBHOSTHO.

Meeay EBYMA KAYECTBEHHLMH [GDEXOAABMH COCTOAHHE CHCTEMH
AslcTBATENBAO BHEWHE HAaNOMWHAET paBHOBecHe. Ho Takoe paBHO-
BeCHe = 3TO MOPHOA NATEHTHOrO (CKPHTOrQ) pa3BHTHA CHCTEMH,
Korpa B ee rIYOEEHOW CYUHOCTH NPOMCXOAANT KAPAMHANBHHe M3~
MeHeHWA., P23yabTaTH 3ITHX CKPHTHX H3IMEeHOHHH B OyAvmeM Npoa-
BATCA B NePexOfe CHUCTEMH B HOBO® KaUBCTBEHHOE COCTOAHME.
llanpaMep, HWHE 3eneHepwud A6C KaK OW BAPYT HAYHOT OTMHPATH:
YACTAA raalb BOAOEME JAPACTOT' CHHE-3B/NEHLMW BOLOPOCIAMK;
Kak OuW 0e3 BCAKOH MNPWYMHEN HAYHATCA TOTANBHOE BuLMHPAHHE BH-
na, 0Co0H KOTOpPOro Kak OYATO HMKeM MpPAMO He YHHYTOXSOTCH,
nponaoine™ HeBHIABHHEA BCNHWKA YBENWYOHHA YMCIEHHOCTH IHTO-
MOBpOAMT T4 H T.O.

[lpc™Ho8EpyR OKMABeMHH EAYeCTBOHHHH CKAYOK, HEOOXO0AMMO
BLABMTL & BaMEPHTL CABMI'M, NPOMCXOAALME B CAMOH CYWHOCTH
CHOTEMH BO RpOMA NEePHONA ee "nokoa"™ (psBHoBeCHA). TpyaHoc-
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T¥ 3Je8Ch OTpPOMHHE - HE TOJBKC KeTOoAMYEeCKOra, HO K obwereo-
PETUYECKOTO XBpaKTepa. B paMKax COBPEMEHHHX TEOPeTHYBCKMX
BO3MOKHOCTEW pa3paloTKa MOTOAMKA NPONHOIMPOBOHHUA OXMAAEMBX
Ka4eCTBEHINX W3ueHelnll cUCTeMy MOKeT OCHOBWBATBHCA HA aHanu-
3e NMHAMMKM CTPYKTYPW AeTepMuHauud 3Tod cucresmu. B.C,Buma-
peHKo B CBO&, MoHOrpaduu o GMOJOTMYECKON NETEpMMHALUMN BHEE-
JAET TPU OCHOBHWE KOMIIOHEHTH 6€ CTPYKTYPH: MHppajeTepMuHa-
UME (OT 3NeUelTOB K CHCTEME), AHTEpASTepMUHauwo (MexK1y 3ie-
MEHTAMW B Npexenax OJHOIO YPOBHA Opras¥3alil4) U cynpaserep-
kudaudn (BosnellcTane pyrux CHCTeM, T.e. yCnoBult BuemHef
cpeauw). Jna peweHus paAA& 3273y NpPOTHO3MPOBAHUA o0nelt AMHE-
MHKH GMO3IKONOTHYECKHX CHCTEL CTPYKTYpy AETEepMUHAUMM jocTa-
TOYHO NOAPAa3AeAuTE HA NBE& KOMNOUEHTH: CAMOACTEpMMHALMY (Tl
MHYecKyn, ONpejeniecsyn CAMOjl CHCTEMCi) M NepaTHOMYeCKYD
(onpeaeiseMyp BHEWHIMH YCUORUAMI). OTHOWGHHE KORWYECTBOHHC-
I'0 JEAYEHAS CANONETELMUHMPOBRAHHON KOUNCHEHTH B MSKEHUKBGC
TH J2HYOTO NpHMIHAKE ¥ O0lEKy 3HaU&H.L. #1'C KIUGHUKBOCTK B:
PAIAST OTHOCWTENBHER ypOBEHE CanCierepMkHaURY, 1awrofl nowe
QATGNL UBNW ACROALEZyETCR 1T mall wpurepsil Bul,La Henpy inl
b TIXNAEMNL B IpoDn

(%)

ACT&MEL B
TENHPOBAHLN,

fefieh T pt. GTE

JART Ofhndt IR DCUGT PRI R 1 L TR T
TOSHCH PETOOCHCLTIRL G aHfony by .80 ApErefinr sl
Usuepeil, HO YrofE ACGCTCEEPHD CYisiTe OF QFhAGwi TeliLn

LEAR, HeCUXOMMU DAPSZRNITL AHHAMKEY 2T000 NUHSRaL 8RR,

AHUNC/NTL A€ QAXG. & HEeOOXOAiM02 MHORECTUO HIiGuaiill el'o

Hafpwaan. TRYBUEpYy SPLOKRDYPY ANCHEPCHCIHNON: ny Jdhdene 170
b Li N

7 @i, Ml

ABCATHACD WS, M 0 il pullDAaruTEe BpeMe:

CHeHThRELS o ni voonmatiel wane au 70 ko
GUAPOELHLALGL em 1L - uh SHASE Tpedysren il e Ccolih @
MAPNUECKIL TOEN . [Frerany TROW SH0CLT peligi o Jadior 245

WA RANLCTYY QERN ey 2t G DA HURCKH WL To) (O3 CEICR THIAN

SOpIeel SRR NS UuRALORANN N8 pAdpadeT e TOHOTD AN
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IUYSCKCPO AONXOAZ, C [OMCUBO KOTOPOrd MOXHC OWNO Ob Ofps
ABANTH OTHOCHTENEBHU{ YPOBEHB CAMOLETEPMMHAUHN CUCTEMH 1O
@0 JKTYaNEHOMYy COCTNAHAO, T.e. Ge3 aidanM3a BPEMEeHHEHX pA-
108, M DRI IIOMCK DA3AUYHHMW NYTAWH, B PE3yNBTATE 4ero
pAa2paloTAHO HECKOABKO cnocofOB, COCTABAANWMX B3AMMOCHA3LH
HUfl EeTONMYECKUE KOMMIZKC.

fl3BecTHO, YTO Ha BO3ABHCTBWE OZHOrD W TOrO #€ aKTOp:
{3ATpH3HEHME CPend, YTANTHBAHME MOYBW, NepeyBlaXHeHWE Wi
repeocymei#e W T.M.) pacTeyua AALHOTO BiXA pearupymr no-
pasiouy. OfHW 43 AMX YCHOPAHHO AerpaaupyeT M norusapr, .py-
rie cKaawBanTCR Goneée BuROCAHRHAHM. TaK3Ie MZBOCTHO, YTO BO3-
AefcTBNA pasANYHNX OTpHUATEeNnkiNX (BKTOPCE Ha pacTeHuMe oc-
TRBNAST HEOZHHAKOBHE 3ppext. [loaTony Gonse ycroifuusof K
pasHooGpasouy NN CIPYKTYPE KOMNASKCY ASTPAzauMOHHNX :pal
TOpPNB OYRART NONyAHUMA AAHHOrQ BUL2 C 00j2€ TeTeporeHHod
GHONOTH4ERCKON CTPYKTYpPOi. B cBOn ouepen:, B M3IMEHEHWW BHYT
peHH2l{ TeTepPOrSHHOCTH NONYAALUM MPOABAAZTCH AWHAMUKE 20
XH3IHECNOCOGHOCTH W KAUSCTBEHHNE W3UEHEHHA B @8 Ouonmornyec-
Kofl cyudHocTH. BMOROTUYBCKYL METepPOreHHOCTH H3yyaeMoMl CoBO-
KYNHOCTH pacTeHuil (AeMa, nomyaauxu) no AIHHOMY MPWIHAKY OT
paxaeT ypoBeHb €ro camojeTepurHauguu, OAME M3 cnocoloB onpe-
Aenedna OTHOCMTENBHOI'O yPODHA CaMOlBTEepMuHaOWu CHoNoruye-
CROM CHCTEeMW MH OCHOBWBSEM HA METOAWKE pasjelledns JMIMpUys:
CKOr'O pacnpejeneHis, OTKAOHANWErOCA OT HOpMAaNbHOI'O, Ha OT-
AelbHuHe KOMMOHEHTW. KaKk Mokasanu Hau¥ WCCHEgOBaHAR, pasnio-
EOHHE OMMUDPHIECKOI'D pacnpejeneHda, OTHAOHANMErocs 0T HOp-
MANBHOTO, HO ABA HOPMANBHHX THNOTETHYECKHX pacnpeméeneiun
onpasauPdeTCA, BCNK BHANK3IUNYEMAR COBOKYMHOCTE PACTBHMA xa-
paKTepHUayeTCR BLCOKHM OTHOCATE/ABHLM YPOBHEM CAMONETEpPMUHA-
LMK 10 M3 'yaEMOMY NpPU3HAKY, MOCKOABKY B TAKOM CHyyae RIMA-
HUe naps MnMyeckod (cpenoBOM) AeTepMutiaumit OTHOCHTE/BIO Ma-
N0 W I MYSCTBE'iNOR SHAUGHUE BAAWMMOABHCTHEMA €0 C TWIMYeCcKHOH
N8 NEAET [ CYEeut oiHOMy RCHE3ZeHMD NOCAeHal.
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B KauyeCTBE NpuMepa NPUEEABM Pa3y.bTdl HEWMK WiCiclupd-
Wil 00 onpeaeAEHMO OTHOCUTENEBHOIO YPOBHA CHMOACTEPMUHA LMY
no npusuaky "MaKCcUMaNbHuP AMaMeTp LBeTxa" y Teopl'ud (Aes-
BATH COPTOB) ¥ MO NPU3HAKY "NDUPOCT B BHCOTY" y COCHW 0T
HOBeHHO{. [lpH pa3JOKEHWH SMOMPUUSCKOIO PICHPOALNEHHA AUC-
nepcull ynoMAHYTOrQ NMpM3aHaKa y IreoprdH HA ABa8 HOPMAJBHLL
pacnpenenedua sHAYEHH® THIHYECKOH KOMNOMYHTH OKE3aMOCh pas
Hea 0,81, a mapaTHn4yeckKod KOMMOHeHTH - J,I8. [lonyuyeHuie
pe3ynbTaTH COBM&NM C JAHHAMW JUCMBPCHOHHOLO EHAMU3A ITOrQ
ke uarepuausa. ConocrasnexHde ABHHUX MO ONpEASHBHHD THIMYEC-
KOH KOMNOHEHTH AMCOEDCHE KONMUYECTBEHHLY 3HAYEHWUW npU3HaKa
“NpupocT B BHCOTY" y COCHN OCWKMOBEHHOM, NONYYBUHHX OCOHMH
cnocodaMid, BHABUAO HEKOTOPO® PACXOXEHUS peaylbTATOB. HKolh
YECTBOHHOE 3HHYEHME THAMYOCKOY KOMMOHEHTH, ONpeaelelHol
CNocOOOM PE3NDASHHA 3BMIUDHYECKOI'O PHCNPSELENGHHA AUCMApPCHI
HA JBA PUNOTETUYECKUX HOPMANLHHX pacupeiseHuH, OKa3aloChk
J,I9, a B paaynbTaTe HUCNEPCUOHHOro SHANW3a OHNO MOAYYEHO
3HaYeHME 9T0d KOMIOHEeHTH, paBHoe J,US.

B pare cayvaes, KODA& OTHOCHMTENbHHM YPOBEHE CAMOAET8p-
UUHaUME SMONOrMYESCKON CUCTEMW CPABHUTENBHO HEBHCOK, Hak
JTO W HAOJWLEETCHA B OTHOWEHMM OONBWMHCTBA NpPM3IHAKOB pac-
Teldd, pacnpejeiiedie TPeOyeTCA PASJArATH HA TPH HOPMAJbHLL
PHUOTETHYECKKX pacOpeAenenun, A.2anbKodep W I, b, POKMUKYY,
o0Cyxnaf YacTiWW chyyaj Hawell 3aiayd (T.8. OQpeseNeHHe Ko-
JUMLUMEHTA HECNELYBMOCTH), YKA3HBALT, YTO OOWaA MIU Dero-
TUNHYECHAN LHCTiEPCMA OHONONMYECKOTO MPH3HAKA COCTOMT HEe M3
OBYX, 8 W3 TpeX KOMIOHEHT: Ie8HOTUNHUYECKOM M NAPATHIMUBCKUH
Aucnepcuid 4 Mx BlauMougslicrBMA. ABTOPW NOLYEPKMBEOT,  NTO
npu pasfokexwd ooduel AMCNEePCUW HB ABO KOMMOHeUTW (EeIOTHIA
YECKHYw M ||a[n=_n".1[muecxyn) IOAYHATCH 3¢BRUeHHUe IHBYSHWA KO
SoppURSHTY HaCAclfeMOCTH, TdK KAK BEINMYMHE BuandodelCcrBui
FOHOTHIMYBUHENA M NUPATHNRUECHAX (AKTOPOB NMpH PadnoOX3HUM .u
AUPMUCCKOPO jaClpelsNalMA 18 ABa MOPMUIBIHNX PAClpoleaeHus
GHAUMWT R ALHON YOG L0 BKJIWYHUTCH B PCHOTANNYECKUE, TUM CuMuM
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aaBuWaA ero OTHOCHTEIbHWA YyPOBEHE.

AnropuTM pasjieNeHUA pacrnpereneHuil, OTKAOHHOWWXCH OT HOp-
MANBHOI'O, HA AB& T'MMOTETHYECKM. HOPMAJbHEK pachpelneleHud
onyénukosan B.Spdax B [9GI r. Ho anropuTu paspeleHia pac-—
npeasene’nit, OTKIOHHOWMXCA OT HOPMAALHOIO, HAa TPH TUIOTETH-
YOCKWX HOPMANLHLX pacnpejeieHMA MU B JIMTEpPATYpe He Hawiu,
noarouy Hauei 3azauell Guna paspaSorxa rakoro anropurua. C
MCIONBL30BAHMEM METOAA Clyda{Horo nopdopa COCTABNEHA M OTHA -
X6HA nporpauua LEFISIO-2 gana 3BM GE<4I5. C nmomowsn aTolf
MpoOrpaMMs ¥ NPOM3BOAMIOCHL pasjoxexue. OCHOBOf &nropuTMA MO-
cayxuna gopuyna uopuanbuoro pacnpageneuuﬂ B odueM BUIe

~(x -p1)? -(xp1y) g! - 5151’
y(x}_A‘e 16}‘9’ I»Aﬁe 7 +A 17, 3 (I)

rie A - aunawryza: X - parw; He y fla y My = CpeAHie
apugMeTUYecKUe T'UNOTETUYECKUX pacnpepelerud; 7, , 7
CTAHNAPTHHE OTKIOHOHWUA TUNOTETUYECKMX pacnparencHult.

QusHKy peaylIhTATOB NPOH3BOAMT IJBN METOZOM MUHAMW3BLMM OwMC-
KH, npejacTaBiAoneldl cOCOH pa3HULy Mexay auhupuqucxuu pacupe-
HONEGHHOM W CYUMOU OONYYABMHX [HAOTBTHYSCKMX PACHpeReneHul.
B peaynrrare paA3NOXEHHA OUAM MOAYYEHN TPH HIOTETHYECKHX
HODMEIBHWX pAcHpelenerns AnA Tpex aeWoB: [a, [lla u G,

Ileu Ia oGpasoBaH 27 KAOHAMM COCHuW OOWKHOHEHHOA N0 Mpu-
pocty 1972 r. Jleu Mla o6pasoBau 23 KIOHIMM EIW €BPO(e\CKOIi
M0 NPUPOCTY L1y74 [, yeu 110 00pasdoBal TeMH as £AUHULY ey
3BpPONBUCKON no npupocty (Y75 r. (radiuua).

BHOMBTLMNECKHE XGPUKTBPUCTMKY JeMoB [3, [u, 0

: — — — .
2 1ema axp | AxD| A’ Dy [ n* ' 0
—e— | S SN aalis - - e
% %) 59,7 0 w i JI848 Nyt
a ] 7.8 G4, b . ke T gl

o] 90 ¥l 490, el o P
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3a OTHOCHUTOUBHWH YPOBEHB CEMOAGTEPMUHALKMM Dy ayvacuu
I'0 MPM3HAKA MPUAUMBETCA OTHOWEHHKE THMNWYECKOHW KOMMOHEHTH
HLHCTEPCHY K 0oOmedy 3HAYEHHU

Ih Y (2)

[NA WASHTUJUKEUNA TUNHYECKOI'O GPEAHErD HKsalPaTa LEHT-
palbHUX OTKIOHBHHI dk% fl0 TPEM [HIOOTETHYSCKUM paclpensis
HYAM BWYMCAHACA NOKA3aTeNb MECTPOTH IAPHUECKHUX YCHOBUU -
nokazarens b no Cuury - nms 5-7 BApUAHTOB AMCNBPCHOHKHO-
ro KOMMIEKCAE C pa3lHuM O0bLeMOM TpyMm, NOCA8 Y6ro onpAeds-
nach nuHefHAA pYHKUMA NoKasaTedd b B 3aBUCHMOCTH 0T 00tg
ua rCpynn AUCN8PCHOHHOrO Koumnexca. [lo *Qdk yrana Hakrioxa
3Toll NpAMOA K Oc¥ abcuMcC MPUONM3UTEIBNO ONPeXBNANACE TH -
N4YOCKAR IETepOrsHHOCThL M3yYaeMOf OUONOIMYOCKOH CMCTAaMU.
BCOH THNHYECKAA [ETEpPOreHHOCTH Guna umeHea (0,5, TO 38 THOH
YecKO8 NPUHMMANOCEH THNOTETHYECKOS DACNPOAONOHH® C MEHbLOUM
apUfMBTHYSCKMM CpesHuM agdcoepculd, a scau donee U,5, 10 ¢
SONbUMM.

InA NpOBEpPKH ANEKBATHOCTW JAHHOIO CnocoGa HCNONb3OBa-
I4Ch PE3YABTATH AUCMOPCUOHHOLO AHENM3A ONMCALHHX BULE Z8-
M0B, 346Ch 38 YypPOBBHE calonerepnﬁuauuu NpUHUMABEMCE cCuIa
BIMAHWUA KNOH&-COpTA 1% no H. A, JuOXHUCKLMY B COOTHOWBHHA
aucnepcuid (f ) no Ix.Cuepexopy.

MpdHwitiu8nbHUl MOAXOR, KOTOpuUH AaH B fopMyns (1), mpu
HBOOX0AMMOCTH MOXHO HCOOQB3IOBATH ANA BHABOGHWR OTHOTUTElL
HOWY NOUM MHAWBMLYYMOB ONpENONEHHOrO AR8MA HAM MONYARUMK, Opu
HAANEKAUWMX KAKAOMY M3 MOAMHOXBCTB, COCTABIADWMX HOPNHILHHE
pacnpeaeneudn, CoraachHo fopuyne pacnpeneneilma Y4CTOT IIpu
HOpUANKLHOY 3AKOHE, NNKASATEND ki 3 ([) paved

\: .0y ‘
AUTR B
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rAe C - UHTEpPBAN PPYNNMUPOBKM; n, - KOJWYSCTHEO HHAMBMAY-
VYMOB [ -ro NOAMHOXECTBA; 6‘-' -~ CT4HA8PTHOE OTKIAOHEHUE
{ -ro noxuHoxecTna. i
PaccuoTpuu HauGomee NpocTod clyyaid., KOUA4 BuWOOp<a npej-
cTaBJAeT COCOW CyMMy M3 ABYX MNOIMHOXECTB. pacnpeneneHHux
Nno HOpMANBHOMY 38KOHY., COrzacHo pa3paloTaHHOHM HaMM Nporpau-
MO, nepen BWYACHEHMEM MOAGHPanT xelaeMoe KOIWYyecTsd "waros"
G2 u xesaeuyp TOYHOCTH Y pacyeroe. lloadop TeopeTuUdYecKMX
HODPMANBHNX KPHBHY. NPOHW3BOAWTCA ClAelyowid odpa3ou. Bo BHeum-
HAM UMKEO BWYMCIGHMA MOCTENEHHO MOAGUpawTCA SP. pAa3lMYHWX
aHayedu n, , HaymHaA OT Ny =J ¥ KoHyaA n, = 1 ( N - ouee
KONWYOCTBO YYMTHBAOMHX HHIMBMAVYMOB B MCCN@AVEMOH nomyna-
ueK). Bo BHyTpeHHMX uuMKnax wAeT NOAGOP coouerc'rneﬂuo /T
pasnuyHuX 3HAYeHWd 1y - or U xo [ty =0 BfZ /n (72 J -
M3uepeHHLEe 3JHAYEHUA M3Y4Yasuworo npnaﬁua) i muoa €S KONW-
YOCTBO Pa3NWuYHHX 3HAMEHMA () - OT 7 = J a0 b= 5008 -
CTAHABPTHO® OTKAOHEHM® AMMNWUPUVSCKUX ABHHWX). DESAKYMHEM N,
Hy w 07, B KAXJAOM UMKNE NOACTABIAOT BIMHCTREHHO BO3MOXHKWA
3HAYOHMA ny , 1, W 0, &

o RED (4)
YZ.-Myn
i ) 1 . c
ﬂt""l_‘_"r?'“—' ' (5)
cr,J L2 ncNeminth iy (6)
N, -4 '

Monyuenuwe KOMGUHALMK n, , [ 4 (I, WCNONEa2yOTCA LA Bu-
YUCHOHHA BOSMOXHHX TOOPOTUYOCKMX KpuBHx N0 (L) u (3), karo-
PHe CPABHMBAOTCA C 3MOMPMYECKON «pHBOM@ vyacroT. v Tecperd-
YOCKMX KPHBHX BHOMPAETCA OAHA - HAWOO0JNce OUW3KaA & JMIMPH-
4YecKOH. Jlanee napaMeTpu BHOPAHHOW THOPETMYECKOW KpJHOW 4C-
MOABIYOTCA AAA YBENMYOHMA CTENEHW COOTBETCTuMH TEOpUTAYEC-
KOH M DMIIMPHYGBCKORA KDWBHX. .lIA 3TOro OMACAUHAT NPOL<LypE
IIOBTOpPABTCA Y’ pad Npu cyk8oueldcd BMOanTy g ACH0ALIObalitky
NapaMeTpos.
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CreneHp COOTBETCTBMA PACYETHOH ¥ 3MNMPUYECKOH KDHBHX
OleHAnBaeTcH ¢ nosombn KpUTepuA Kommoroposa-CuupHoBa (A ).
Ecnu Mexny KpMBuMM He OCHAPYEBHO AOCTOBEPHHX paanuﬁnn. no-
AA MHANBUIYYMOB, NPUHAANERALMX K { -My OOAMHOXGCTBY (&),
BHYHCIABTCA KAK

r&i’n" . (7)

8]

OnucaHHuW{ nomxon NpeACTARAAETCA BO3MOMHLM MCMOJB30BATE,
ganopuMep, ANA OLEHRH CTPYKTYpPH AErpazauyd PEKpeauMOHHHX He-
coHgcaxiennil. B peKpeallMOHHWX Necax, KOTOpwWEe NOABEPTAMCH
LNUTENEHOMY MHTOHCHBHOMY BHT&NTHBAHMD, MOEKHO BHIGNHTH ABa
NOIMHOXECTBA AepeBbEB — CTPajan@ux OT AHTPONOTEHHOTO BOS=—
NeHCTBHA M B pPe3yNbTATE 8TOr0 PE3KO COKPATMBAMX TEKYUMH
npupocT zpesechHx ({ = I) ¥ Aepesres, NPOTUBOCT DA MOKE
ene BPOJHOMY AHTPONOrSHHOMY BO3JAEHCTBMD 4 pACTyuiX HOPMAIL-
HO (( = 2). B paHdoM cayvae noKasaTeny ]l npencTaBieHy WH-
PUHOM TONMYHHX KOJEL.

ONMCAHHNA MOAXON NPKMEHHM M B NOOOM APYTOM CRywae, Kor-
Za 3MIEMPHYECKAaR BHIOpKA MPEACTAB.RET COGO{ CYMMY HEBCKONE-
HMX NMOAMHOX€CTE, Kaklad “3 K-TOPHX CAEAYST HODMAINbHOMY 3a-
KOHY DACMPENeNeHKA. !
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A M. MAYPUHD, K. K. PAMAH,
B. A. BAlloguc

3KOJNOro-nPOrHOCTHYECKAS OLUEHKA
JIECHBIX BHOTEOLLEHO30B

KoHuenuua W yacTrHas MeETOLOJOrHsA

[Ipu pelweHHH weJoro psAfa 3ajau OXPaHbl NMPHPOALI H PauHO-
HaJlbHOr0O MNpPHPOAONO/NbL3OBAHHS, ONTHMH3aUHH  XO3AHCTBEHHOH
JAefTeJIbHOCTH, 3IKOJOrH3auHH OOLIECTBEHHOrO INpPOH3BOACTBA BO3-
HHKaeT npobJieMa 3KOJOrHYeCKOH OUEHKH M MPOTrHO3HPOBAHHA AH-
HAMHKH NPHPOAHBX KOMnNJekcoB. (OcoGEHHO CJOXKHAA CHTYauHs
CK/MIaAbIBaeTCA NPH MPOrHOCTHYECKOH OLEHKe TPEHAOB OXHIaeMblX
H3MeHeHHH JecHbXx OHoreoueHo3oB. Kak nokasbiBaeT HMeWIHACSH
ONLIT MPHPOAOMNOJb3OBAHHA, OTCYTCTBHE NOCTAaTOYHO aleKBaTHOTO
KOMJIEKCHOr0 KOHUENTYa/bHO-METOJHYECKOr0 NOAXOLA K PeleHHIo
3TOH npoG.JieMbl MNPHBOAHT K NPHHATHIO PEIIEHHH, OCYUIECTBJIEHHE
KOTOpPbIX HAHOCHT CYLIECTBEHHbIH 3KOJIOTHYECKHH H 3KOHOMHYECKHH
ywep6. Heo6xoaHMOcTb pa3paboOTKH KOMIMJEKCHOH 3KOJ0ro-npor-
HOCTHYECKOH OLe@HKH JleCHbIX OHOreoLeHO30B CTAHOBHTCcHA Bce (o.1ee
akTyanbHOH. BapHaHT Takoi KOMMNJEKCHOH 3KOJOro-nporHocTHYe-
CKOH OLUEHKH MNOCJeACTBHH aHTPQMOreHHOro BO3AeHCTBHA (XO3Rii-
CTBEHHBIX MEpPONPHATHH, 3arpA3HEHHsA, PEKPEAUHOHHOH ACATE.bHO-
CTH H Ap.) Ha necHble 6HOreoueHo3sl pa3paboTaH HAMH Ha Kageape
GOTaHHKH H 3KOJOrHH JIaTBHHACKOro rocyaapCTBEHHOro YHHBEPCH-
Tera.

KoHuenTyasbHO Hawa METOAHKA  3KO.0ro-nporHoCTHYECKOH
OLEHKH OCHOBBLIBAGTCA Ha BbIABJGHHH OTBETHOH peakuini MHBbIX
OpPraHH3MOB Ha BO3AEHCTBHE BHEWHHX (akTopos. [IpH 3TOM yuuTbi-
BAeTCA, YTO O/AHO H TO JKe BO3/1efiCTBHE Ha 3KOCHCTEMY OKaisbiBaeT
pasHoe BJHAIHHE Ha pa3ziHulible ee KOMMOHEHTH W [N pPeakuins
B pasHble HHTEpBaaLl BPCMelil NPOABAHETCH He ¢ OAHHAKOBON JH-

TCHCHBIIOCTLIO M HanpasientocTLio. [To3ToMy nas BuaBacig NOKa-
3ateneli COCTOSIHHSL W NPOFHOIHPOBAHHA  HIMEHEHIT 3ROCHCTeMbI
CYULICCTBCHHYIO POJiL HIPACT fipaniliuibinl 8uGop nanboace xapak-
TEPHOrD e¢ KOMIIONCHTA, HUTCrPANLHO OTPAKAUIEro TPCHALL Heeil
IkocHeTem L. B secnnix GUOICHO3AX TAKHM KOMIOHCHTOM SIB1HCT-
ClAPCBOCTOMN, T. €. COBORYHNOCTL Acpennen. JIpenoctoii =910

OCHOBNON  HPOAYICHT (PUTOMICCHE 1 ONPCILCIITE T (PVILITON -
Hoft  crpyntypor Onomeno . Beaynase podn 97Toro wovinieiir
GUPETCCTC 10 CEo QeTROI PEARIICTT 1 BOICHCTIIe BHCHTTIN
tll.‘ll\lnjmls_ OCOOCITIG TEeM, TT0 epenso i CROeH CTPYRTY e pernerpi-



pyer wuHcopmaumio o6 OTBETHOW peakuuu Ha aTW Bo3felicueua. He

MCHEE BazsKHO H TO, HYTO IpH H3Y4YeHHH OTBETHOM peakuHH ApeBo-
CTOS BO3MONHO ee o[pejejeHHe OJAHO3HAYHOH KOJHYECTBEHHOH
oueHkod (B M® apesecHHbl Ha | ra) [1]. B cBow ouepean Takas
CJ10KHAA NOACHCTEMA, KaK APeBOCTOH, XapakTepH3yeTcs MHOrOYHC-
JeHHbIMI napamerpaMHd. TakHM BaKHeHIWMM nokasaTeneMm sBJsieT-
cs TeKYUIHil NMPHPOCT APEBECHHBI, aJeKBAaTHO OTpaXKaloIHi peak-
LHIO nepeBbeB. B roAHYHbLIX KOJbLAX JAPEBECHHbI COAEPXHTCSH MHO-
rojleTHAsA peTpPOCNeKTHBHAsA HHGOpMalUHA O MpPOLJIOH JHHaMHKe
passnTHa apeBoctosi. TakuM o6pa3oM, 3TOT NoKasaTeab JAeT BO3-
MOKHOCTb OUEHHTb COCTOAHHe GHOLEHO3a He TOJbKO B MOMEHT c6o-
pa daHHbIX, HO H MPOBECTH OLEHKY JHHAMHKH COCTOSIHHA BO BpeMe-
HH, HCC/Je10BaTh peaklHIO APEBOCTOS 3a OMpeleseHHbIH nepHox
peTpocnexkuHH, 4TO fABJAETCA Heo6XOAHMOH OCHOBOH IIpOrLosa
AasbHelllero pa3BHTHA ApeBoctos. Kpome Toro, mMeroTcs onpene-
JeHHble KOppe/slUHOHHble CBA3H 3TOr0 [OKa3aTeas C AHHAMHKOH
JPYrHX CTPYKTYpHbIX 3seMeHTOB OHoueHo3a. [lo Tekyluuemy mnpH-
pOCTy MOMKHO ONpEIeTHTh, KaK B TeYEHHe BCEH JKH3HH JepeBbeB
MEHAJIOCh HX «CaMOYYBCTBHE» H TEeM CaMbiM COCTaBHThb IPOTrHO3
AajbHedlwel cyabObl 1peBOCTOf H B ONpeles]eHHOH CTeneHH BCero
6HoueHosa. [loaToMy Haml MeETOAHYECKHH MOAXOA OCHOBAH Ha HC-
NONb30BAHHH TEKYUIEro MNpHPOCTa JPEBOCTOA KaK TPEHAOBOrO HH-
TerpajbHOro MOKa3aTe/s, OTPaXKawlIero OTBETHYW peaklHio OHOo-
THYECKHX CHCTEM Ha BO3/efcTBHe cpeibl, a TakXke GHOHHIHKAaLHOH-
HOIl MH(OpMalLHH 3KOJOrHYeCKoro kauecTsa cpelibl. B KauyecTse
GHOHHAHKAaTOPOB HCMNOJb3YIOTCS TakMe JNHINAHHHKH. AHAJH3 KOH-
KPETHbIX 3arpA3HAOUWHX BeLIecTB H JAHHAMHKH HX HAKOMJEHHS BO
BpeMeHH MpPOBOAMTCA J1ab0paTOPHBIMH aHa/H3aMH 3KCIOHHPOBAaH-
HblX mpob carHoBblX MXOB H 06pasLoB GHOMACCHI.

Hanubiii MeToAHYECKHH MOAXOA MOApa3je/sieTcs Ha [ABa 3Ta-
na —stan c6opa HcXOAHOH HHpOpMauUHMH M 3Tan nepepabOTKH HH-
opMauUlil H HCMOJNb30BAHHsA BBIXOAHBIX AaHHbIX. Ha stane c6opa
HCXOJHOI1 HH(pOpPMalUHH OCHOBHBIM €e HCTOYHHKOM fBJAKTCA IMoJe-
Bele HccJleloBaHHA. OHH npeaycmaTpHBaloT c60p MaccHBa JaHHBIX
AJ5: @) BLIYHCJEHI BpEMEHHOro psaja KOJHYeCTBEHHBIX 3HaYeHHH
TEKYLLEro 1peBecHOro MpHpocTa W AOMOJHHTEILHOMO TeKYLIEero MnpH-
pOCTa Kak HHTerpa.bHbIX nokasaTe/eil OTBETHOH peakUHH JIeCHOro
Gnouenosa; 0) OUEHKH 3KOJOrHYECKHX YCJIOBHH, ONpeaesiouinx
passuTiie liccaeayemMuix OHOUEHO30B; B) BH3YaJLHOH OLEHKH CO-
CTOSUIINS .l€PEBLEB I CTENeHH HX yCbIXaHHs, ) OUEHKH H3MEHEeHHs
CCTCCTBEHHBIX 3KOJOTHYCCKHX yCJ0BHH N0/ BJIHAHHEM aHTPONOreH-
Horo soslefieTeist (H3MeneHHe @GH3HUECKHN 1l XHMHUYECKHX CBOHCTB
HOMBLI, VPOBISE 3aUPHIHCHIS BO3AYXA, HIMEUCHIC YPOBHH TPYHTO-
BLIX BOL I AP.) s L) OWEHKI JIPYTHX MOJACHCTeM JecHoro GHoLenosa
([l()_l[)()(‘l;l, HOAJCC K, AANBOrO anoiupentoro IH)I\'])()H:I), obeeneun-
BAIOLLNX RecTnennyio UIIi)L‘le?.'IL‘IIIIUL‘TI; I JLTHTeanioe (t)ylli\'llli()-
HHPOBAHIC LaUoro ONOLCHO30 KOK  CUHOoI CHCeTeML; ¢) OILCHKH

a2



BBITAMTBIBAHMA W YIUIOTHEHHA [04YBbI H& WCCAEAYEMOii TeppuTOpHH ]
(8 NPHIOPOAHbLIX JleCcax PEeKpeauHOHHOro HasuHaueHHs), ) cOopa
CHEeuNnainLibiX AaHHbIX O BCTPEYAEMOCTH H COCTOSIHHH BHI0B pacTe-
HHII, SBJIAOUIHXCA OHOHHAMKATOPAMH Ha 3a/bIMJEHHEe H 3ara3oBaH-
HOCThL BO3.1yXa.

Jas onpeneneHHs KyMYJAsSTHBHOrO 3arpsi3HeHHs (CyMMapHOro
HaKOMJEeHHS 3arps3HeHHs B MEpHO] BpeMeHH) Ha KaXJ10#H mpobHoi
niomaan (MaH 3TAJOHHOH TOYKE) HCMOJb3YIOTCS c(arHoBhle MXH
(Sphagnum magellanicum Brid.), xoTopble HakanJaHBalOT 3arpss-
HHTEIH NPOMOPUHOHAJbLHO HX KOHUEHTPAaUHH B BO3AYyXe H NMPOIOJ-
JKHTEILHOCTH 3KCMOHHPOBaHHA cdarHoBblX npob6 («JOBYLIEK»).
Bpems 3KCNOHHPOBaHHA c(arHoBbIX NMpo0 OAHH, ABA H YEThIpe Me-
caua. [as 3tux xKe ueneit GepyTcs mnpoObl GHOMAacchl (JHCThbA
H Kopa aepeBbeB Ha Bbicote 1,5—2 Mm). Kpome 3THX AaHHBIX, noay-
YEeHHbIX B TNOJIEBbIX HCCJEJ0BAHHAX, NpHBJIeKaercs HHPOpMaLHs
0 METEOpO.JOrHYEeCKHX YCJOBHAX H 3arpsA3HeHHH BO34yXa Ha HccJle-
JlyeMblX TEPPHTOPHAX (M TepHAJBl FHAPOMETEOPOJOrHYECKOH CayXK-
Gbl), a TakyKe [JaHHble, XapaKTepH3YIOUlHE H3MEHEHHe YPOBHA
IPYHTOBbIX BOJA (MaTepHaJ bl THAPOPEMHMHOH cJyKObI).

Ha stane nmepepaGoTk# HH}OpPMAaUHH M HCIOJb30BAHHA BbIXOA-
HbIX J1aHHBIX PELIAITCA CJIeaYolUlHe OCHOBHble 3ajllauH: a) BhIABJe-
Hile nokasaTeJsefl XapakTEepPHCTHKH XOJa poCTa AepeBbeB HccJeiye-
MOIi LUeHONOMyJAUHH H KJacca Bo3pacTa B NMEpHOJ HenocpeiacTBeH-
HO nepel ycbiXxaHHeM; 0) pPeTpPOCMeKTHBHBIH aHaJH3 MPOGHBIX MJO-
lnrajed, BbisiBJeHHE KOJHYecTBeHHO OOOCHOBaHHBLIX MOKa3aTenaeH
COCTOAHHA H NHHAMHKH OXHIaeMblX H3MEHEHHH HccaefyeMbiXx GHO-
LeHO30B; B) paHXKHpOBaHHe MPOOHBIX MJOLLaJel N0 HX 3KOJOrHye-
CKOMY KayecTBy H JHHaMHKe (TpeHAaM) H3MeHeHHH Aaas paspabor-
Kif MPOrHO3a H ONpeJeJeHHs MPHOPHTETHOCTH MEpONpHATHH B Le-
JAX ONTHMH3AUHH; ') BbisiBJEHHEe XapaKTEPHCTHKH KYMYJATHBHOrO
3arpA3HeHHs HCCJeNYeMbIX mnpo6HbIX IJollajeil H 3TAJOHHBIX
TOYEeR; 1) BLIABJEHHE CYLLECTBEHHbIX OTPHLATEJbHBIX aHTPOMOTEH-
HBLIX (DaKTOPOB, OMpeje/eHHe CHJBI HX BJHAHHSA H AKTHBHBIX NEpH-
0108 BO31€HCTBHA, e) pa3paboTKa NPOrHo3a H 3KOJOro-NMPOrHOCTH-
YeCKHX KapT, Oonpeje.eHHe MPHOPHTETa 3KOJOTHYECKHX MepOnpHaA-

T,
B ueasx BbISIBJIEHHS MPOCTPAHCTBCHHO-BPEMEHHOH CTPYKTYpbI

aerpanattin JecHblx 0lloUeH030B npobuble MJOLLaAl NOABEPraloTCs
ACTAILHOMY  PETPOCIICKTHBIOMY aHAJIH3y /JAPCBOCTOEB, TaK Kak
UMENNo  PeTPOCNeKTHBHLI aHaaH3 O0bEKTHBHO OTPAMAaeT TPCHA
pocTa 1t passutig pesoctod. [ToaToMy 3TOT ananu3 aBaseTes He-
OTLEMICMBIM 3JCMCHTOM 3KOJI0I0-NPOrHOCTHYECKON OUeHKI JCCHBIX
nacaA eniii, PerpocnesTusunit anaaius packpuiBacT o0LCKTHRILIC
SAROHOMEPIHOCTIE  PISEHTIGE HACARACHINE 1, CHU3LIBAL  11POULIOC,
HACTOLCC 11 OY Y HLCC, SBITCTCS TCAaMCHIMBIM 3JCNCHTOM OILCTTR

PEARILIT IPCBOCTOS T BOLICHCTHIC PadibiX (PARTOPOR CPeLhl, 110-
SHOCT OUCHITL BN ROJOTTITCCRYIO 1T IROHOMIMCCRYIO SHTITMOC T,
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®opMaNU3aUKA CTPYKTYPbl AerpajaluH APeBOCTOSN

CrpykTypa nerpajauHH [peBOCTOS XapaKkTEpH3yeTcs aoJei
lepeBbeB HacaXJeHHsl, KOTopble CTPajaloT OT OTPHUATEJNbHOro
aHTpoOnoreHHoro BoaaeficTBHsA. HMHAHKauHiO nerpagHpoBaHHBIX /e-
peBbeB OGBIYHO NMPOBOAAT MO I'YCTOTE H OKPAacKe XBOH (Y XBOHHbIX),
HJIH JHCTbeB (y JIHCTBEHHBIX), MO CTeneHH OTMHPaHHA BeTBel
H JPYrHM NOAOGHBLIM IPH3HAKAM, KOTOpble MO3BOJSAIOT BHISIBHTH
JIHIIb KOHEYHBIH 3Tan JerpajallHi H HCKIIOYalOT BO3MOMHOCTb peT-
POCMEKTHBHOrO NpPOCJEXHBAHHA JHHAMHMKH 3TOro npouecca. Hamu
Gblna mpoBepeHa BO3MOXHOCTL BbIAIBJEHHS JAerpajallli [epeBbeB
no Hx Tekyulemy npupocty. Ina storo npu obc/eloBaHiH pekpea-
LUHOHHBIX JiecoB KypopTHoro ropoaa lOpmana (Jlateuiickas CCP)
6610 B3sTO Gostee 200 cnHa0B Ha BbicoTe 1,3 M Y /1epeBLEB COCHBI
OGBIKHOBEHHOM C Pa3JIHYHOf cTeneHbio nerpanauud. Ha cnuaax us-
Mepsnach WHPHHA Bcex rofH4HbiXx Koseu. C uenbio XapakTepHCTH-
KH COBOKYNMHOCTH J[lepeBbeB CTPOHJHCb KpPHBbIE pacrnpeneseHHs
CpeHHX 3HAa4YeHHH PpaaHaJbHOro MpHpocTa 3a nocaeadue 11 .er
Ans ocobefi kaxjoro Bo3pacTHoro kJjacca. He 6bi1o oGHapymeHo
JLOCTOBEPHBIX OTJHYHH MeXIy 3THMH 3MNHPHYECKHMH pacnpeje.e-
HHAMH H TEOpeTHYecKHM HOpMaibHbIM pacnpejenexduem. [as
CpaBHEHHsl HCIOJb30Ba/JH pe3y/JbTaThl H3MEDEHHS TERYUIEro MpH-
pocTa, KOTOpble OTHOCATCA K NEpHOAY pOcTa AepeBbeB, KOrAa OHH
He MOABEpPraJHCh OTpHUATeJbHOMY Bo3aeiicTBHIO. M B nocnennem
cayyae ANS MOJYYEHHBIX 3MMHPHYECKHX pacrnpeneneHuii He Obijio
JIOCTOBEPHbIX OTJHYHH OT COOTBETCTBYIOLIEr0 HOPMaJbHOro pacnpe-
JeneHHA. DMMNHPHYECKHE JaHHble O6eHX COBOKYMHOCTEH OLHOWH
H TOI e BO3PacTHOH rpynnbl AOCTOBEPHO OT/HYAIOTCA MEX1y ce-
Goii no cpeaHeMy apHpMeTHyeckoMy IIHPHHBI TOAHYHBIX KO.1el|
H cpeaHeMy KBaJpPaTHYeCKOMY OTKJOHEHHIO. YUHThIBas 3TO, MO-
BpeXEHHOe YeJOBEKOM JIeCOHAacaX{leHHe Mo pe3y.abTaTaM H3amepe-
HHA LWHPHHBI FOAHYHBIX KOJIEL MOXHO MPeACTABHTL KAK CYMMY [ABYX
COBOKYNHOCTEH: A — MPOTHBOCTOAIIHX OTPHUATEIbHOMY aHTpOMNo-
reHHOMy BO3[eHcTBHIO; B — pesko cokpaTHBLIHKX nNpHpoOcT B pe-
3y/AbTaTe 3TOr0 BO3AEHCTBHA.

IMnupHueckHe Kpupbie coBoxynHocTeit A M B oaxoil n Toil Ke
BO3PACTHONH rpynnbi nepekpbiBaiorced. CTeneHn, NepekpbliBaHHA BO3-
pactaer ¢ Bo3pactom aepesbes. CiaenoBaTenbHO, A5 palienclus

SMNHPHYECKHX KPHBBIX, XapakTepH3YIOLIHX KaXXablli aHaausipye-
Mblii apesocToil, HeoGxoaHMMa noixoiaulas metonanka. [las puie-
JAcHus coBokynnoctein A w B onamit paspaloTtait aaropit™, KOTO-
pPLIiT peaansyercs NnpH NOMOLLH HPOrpasM, oTaaxennns Lis IBM.
[To ITOMY aJropHTMYy KpHBAS IHIL'H])(‘A[(.'.‘IL‘IIIHI LHTHPHH oA BEX
koaeir (KOHKPeTHoi npobHoit 1Ja0Wan) cpasinBacTes ¢ TCOPeTH-

HCCRHMIE KPHBBLIMH, KOTOPLIC BLHYHHCTSIOTCS KO CYMMa JIByX KpH-
BLIN HOPMILTLHOrO PDACHPCILCTCis .
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n L (X —ea)t n [ (xi —#p)° i
= o - S o] - S o

rie x;— CpelHAs WHPHHA FOAHYHLIX KOJIEL i-TOro KJacca Teo-
peTHUECKOH KPHBOM pacnpejfeseHus;
Y| — oxHaaemMoe KO/JHYECTBO AepeBbeB B i-TOM KJacce;
C — HHTEpBaJ rpyNNHPOBKH, NoAGHpaeTcs C YYyerom, HTO-
6bl KOJMHYECTBO KJaaccoB (k) 6b10 Goaee 10;
Na, Ng— KOJHYECTBO [epeBbeB, COOTBETCTBEHHO He cTpajalo-
mwux (A) wu crpanawomux (B) or autponorenHoro
Bo3aelcTBHsA (na+ngp <200);
ta, 'p — CpPEAHAA apH(QMeTHYeckas IHPHHA TOLHYHBIX KOJeELl
B COBOKyNHocTAX A u B;
oA, 0p — TEOPETHYECKOE CTaHAapTHOe OTKJOHEHHe A/ COBO-
kynHocteit A u B.

CornacHo pa3paboTaHHOH nporpamme, mnepej BbIYHC/JIEHHEM
noaAGHPalOT XKesnaeMoe KOJHYecTBO «waroe» (2 ) u xenaemyio Tou-
HocTh pacueTtoB (y). [Ton6op TeopeTHYeCcKHX KPHBBIX MPOH3BOIAHTCA
caenviounym obpasoM. Bo BHelIHeM UHKJIe BLIYHCJEHHH MOCTENEHHO
noaGHpaloTcs 2 pasJHYHBIX 3HAYeHHH np, HauHHas oT np =0
H KOHuasg ng=n (rie n—obllee KOJHYECTBO YYHTLIBAEMBIX [e-
pesBbeB). Bo BHYTPEHHHX UHKJIaX HAeT noa6op COOTBETCTBEHHO

n
pa3aHyHblx 3HavyeHHid ug (oT 0 1o png=0,52Z;/n, rae Z; — BeaHUR-
iy

]
Ha IIHPHHBI FOAHYHBIX KoJsiel) H o (oT 0 10 gg=s, rfle s — CTaH-
AapTHOe OTK/JOHEHHE 3SMIHPHYECKHX AaHHbIX). COOTBETCTBEHHO
BeJHYHHAM Np, g H 05 B KAXKAOM LHKJIe NMOAGHPAIOTCH €AHHCT-
BEHHO BO3MOMHbIE BEJHUHHBI Na, LA H Oa:

NA=n — Ng; (2)
n
?_.r Z; — pgng
A = Ln——; (3)
A

4=

Z§ —df (ng — 1) + ng Y — nupy
=t . (4)

ny, —1

Ty =

Bee noayuennbie pa3jiH4YHble KOMOHHAUHH Ng, pp, 95 HCMOJb3Y-
IOTCSl A5t BBIYHCIGHHS BO3MOMHBLIX TEOPETHYECKHX KPHBBLIX 110

dopmyae (1), KoTOpbi€ CPABHIBAIOTCH ¢ 3MIHPHYECKOIT KPIBoil.
Il peex Teopernueckux KpHBLIX BuiGipactest oja, Hanboaee G.in-
Kast avupirieckoi. Jdaaee napametpul BLIGPAHHON KPHBOIT HCIIO. -
aVioTes Lt 6oaee TOUHOro nojabopa Teopetiieckoi kpusoi.
ITOIO GHICTINGN HPOLCAYPA HOBTOPHCTCS y pad, NP CY KOs

AMILTHTYIC HCHOMLA0BAHHLIX TAPAMCTPOR,



[0 CpaBHEHHIO C HCMOJb30BAHHEM CHCTEM JIHHEHHBIX YpPaBHEHHH.
CreneHb aJeKkBAaTHOCTH perpecCHOHHbIX YypaBHEHHH OlEHHBaercs
NpH MOMOLIH CTAHAAPTHLIX OTKJOHEHHH pEerpeccHH H NpH MNOMOLUH
AHcnepcHOHHOro avanusa. Oteickanue Toyek K, M u H nepenoma
TpeHAa NPOBOJAHTCH MO yPAaBHEHHIO

Q3
fom Qe i-*ﬂ (8)
n 3Q; — 3Qs ’

rae tn — BhifiBAsieMasl TOUKa MnepeJsoMa;
Qi1, Q2, Qs —napameTpbl MHOrouJeHa;
¢ — KoapHUHeHT A/ BbIYHCJEHHA TOYEK TMepeJsoma;
c=1 aas touek H u M; ¢=0 aaa touku K.

MporHo3Has oueHKA W 9KONOrO-MPOrHOCTHYECKOE
KapTHPOBaHHE JeCOHACAXKIACHHHA

Ha ocHoBe BbIfiBME€HHBIX nNOKa3saTened NPOBOAHTCA 3IKOJOro-
NPOTHOCTHYECKAas OLEHKa HCCJAeLyeMbiX JecHbIX GHOreoLeHO30B.
MetonHuyeckH 3TO oOcyllecTBasieTcs caelylowmum obpasoM. B mep-
BYIO ouepelr AAf HCCJAeAyeMblX J[peBEeCHbIX HacaXKieHHil ¢ mo-
MOULbIO MaTeMaTHYyecKOH mojenH (6) BHIABAAETCA TEOPETHYeCKHH
KPHTHYECKHH ypOBeHb TeKYLLero NpHpocTa (B 3aBHCHMOCTH OT BHAA
H BO3pacTa HCcJaelyeMbix Haca)daeHHit). [lanee, HcnoJb3ys perpec-
CHOHHOe ypaBHeHHe (7), onpeaensieTcsi TPeHJ CHHXKEHHS TeKyLIero
npHpocTa (CKOPOCTb JerpajauuH) ApeBocTod. 3aTeM, MPHMEHHB
ypaBHeHHe (8) (pHc. 1), oThiCKHBaeTcs HavaabHas Touka H nepe-
JIOMa TpeH1a TeKyllero MPHPOCTa, O3HAYAKOULAs HAual10 Aerpaja-
uuH. [IpH CHIbHO BbIpaXKEHHOH Aerpajayki 1epeBbeB OTHICKHBAET-
ca Takke Touka K, o3Hauawowas Hayano KPHTHYECKOIl CTeneHH
nerpaaaunu nepesbeB. [IporHos oXuaaeMmblx H3MeHEeHHH paspaba-
ThiBaeTcsd B ABa 3Tana. Ha nepsom 3Tane onpenensietcs Jjar (HH-
TepBaJ BpeMeHH B rofax), Mo MpoIUeCTBHH KOTOPOro Iliccieayemas
COBOKYMHOCThL J€epeBbeB (HJH OTAelbHOe JepeBo) AOCTHraeT KPHTH-
4eCKOro ypoOBHS TeKyLlero nmpHpocta. JTOT HHTepBas onpegenser:

1) TpeHa cHHMXeHHs TeKyllero npHpocta (YroJ HaKJIOHA 3MIH-
pHYeCcKHX nHHHA) (cM. puc. 1);

2) MecTOHaxOMAeHHe YPOBHS CpPeAHEero Texyllero npHpocra no-
CJelHero NATHIETHS B HHTEpPBaJie MeXAy NnepeloMHbIMI Toukami H
(Havano gerpagaund) u K (HacTynnenHHe KpHTHYECKOro ypoBHA)
(cMm. puc. 1).

Ha Btopom 3stane onpeseasercs aar (11HTepsaJl BpeMmeHi) Bo3-
MOKHOIO CYUIECTBOBAHHUA JAHHON COBOKYIHOCTH /IEPEBLER NPH KPIi-

THHECKOM YpOBHE TCKYLLEro npupocTa, KOTOPbLIi B OCHOBHOM 34BH-
CHT OT BHAOBOTO COCTABa APEBOCTONA, KAACCA BOIPACTA, 4 TAKIKC HIi-
Jda wocneuniKn  OTPHIATEALIOTO  aHTPONOICHHOrO BO3NEHCTRHS.
Tak, nanpusep, y cocinl 0O0LIKIOBCHHON, HAXOBIULCACS 104 HHTCH-
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CHBHDLIM PERKprTaununibivm
BO3/eficTBHEM, 3TOT HHTep-
Ba/J B BO3PacTHOH rpymne
no 40 ser npoaoJrKaercs
B ocHoBHOM oT 7 go 10 ner,
B rpynne Bo3pacta 50—80
Jer — HHTepBaa 10—I15
ner, B rpynne 90—120
JeT — HHTepBaJ 15—20
Jetr, B rpynme Bo3pacTa
Gosee 120 ser—20—25
ner. [IpH oueHb MHTEHCHB-
HbIX BHAaX BO3AEHCTBHS,
oco6eHHO BO3pOCLUEM 3a-
rpA3HEHHH BO3/lyXa H MOuY-
Bbl, 3TOT HHTEpPBaJ MOXeT
MHOFOKPATHO COKpalllaTh-
ca (naxe no 1—3 ner) w
He HMeTb CYLIeCTBEHHOro
3HAYEHHs NMPH MPOrHO3HPO-

BaHHH.

W % — & ot CocTosiHHE H OXHpae-
MBle H3MEHEHHS HccJeaye-

Prc. | Smcnsoers wtecs oS fo. i necuiix Gworeoeo
30B XapaKkTepH3YlTcs, KPo-

OOBIKHOBEHHOH nepen 3achixaHHeM.

O603HAYEHHR: O-IMIHPHYECKHE IHAYEHHR | ;; @-3Ha-
HeHHA | ;. CONTHETCTBYIOIUKE YPABHEHHIO PErpeccHH

Me TpeHAa CTPYKTYpbl Ape-
BOCTOSA, TakXe H TaKHM

1z = 0.0002t* — 0,0256t* +- 1,3689t — 22,7640. H-fa— NOKa3aTeJJeM, KakK ycpea-
yaan lerpalanuu; M — Hawano nepwoaa, NpH Ko- %

Topos ¢ rpexyr.uuﬂ npHpoct mcm‘l}-aer JH‘:‘(CHH‘! HEHHbIH 6an nerp_anauun
Zmin: K — Haualo KpuTHYecKkof cTenewH rerpana- 6HoleHo3a, KOTOpbIH onpe-
umi aepepa; O—TOUKE MAKCHMAABHOR BEAHYHHN Z; AeNSeTCR N0  BH3YaJbHO

I{ — neauunna |y # roay JacixaHus aepesa
HabJloaaeMblM MPH3HAKaM

(cocToAHHE KpOHBI, OXBO-
@HHOCTb HJH 0O6JHCTBeH-
HOCThL NOGEroB, UBeT XBOH HJIH JIHCThEB, CTAAHS JHCPEcCHH KycTap-
HHKOBOrO Apyca H XXHMBOro HanmoyBeHHoro nokposa). [To 3THM noka-
3aTensiM, ¢ MNPHMEHEHHEM TPOrHOCTHYECKHX MoJjesiefl, BbIBOJHTCS
cO06LUICHHBIIT KOMNJEKCHBIi TPEHIOBbIH KPHTEpPHH COCTOAHHS W Jjar
nepcnekTHBHON YrpoxaeMocTH ApeBoHacaxaeudi. [lo s3TomMy Kpi-
Tepiio H 0006UIEHHOMY Jlary MPOrHo3a NPOH3BOAHTCA KJACCH(HLH-
poBaHile HacaXaeHHH, Ha OCHOBE KOTOPOTrO BLIAEJSIOTCA MATHL CTEre-
lHeil NPOrHO3HPYEMOH YrpoXaeMoCTH.
|. Hacaxaenus ¢ HeHapyLIEHHON ecTCCTBCHHON CTPYKTYpOIl

I pasBUTHEM, TCKYIWHA NPHPOCT PaBeH WA GOJbLLIE KOHTPOJIBIOTO,
NOSHL ”l"(’()l) XAPaKTCepHLIX Aas jJlaiioro Tina Jgeca BHJL0B.

2. Hacamnenus ¢ 3AMCTHBIMH, HO He CYUWeCTBCHHLIME alTpO-
HOFCHITLIMIL  OBPCKACHISIME,  HeeyweeTselnoe (e Goaee 109%)
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CHHXSEHHE TEeKYUIe[O NpHpOCTa, BH3YyaJ /lbHO HaOJ1odaemMble [IpH3HAa-
KH JAerpajalHH He NpOoABJSIOTCH; NMOABJEHHE aHTPOMNOTO/JEepPaHTHBIX
H onylleHHbIX BHAOB Ao 20% naowans.

3. HacaxneHHss ¢ cyulecTBeHHHIMH aHTPONOr€HHBIMH MOBpeX-
JIeHHSIMH, IBHO BbipaxeHa Touka H nepesoMa TpeHfa Tekyluero
NPHPOCTa, CHHXeHHe He 6oJiee yeM HAMOJOBHHY TeKyLIero rnpHpo-
CTa MexXAy AByMs nepenoMuubiMH ToukamMu H u K. Texyumnit npu-
POCT B MOJTOpa—/Ba pa3a HH}Ke KOHTPOJbLHOro, HabJlojaercs cna-
Goe nposiBJieHHe BHEIIHHX NPH3HAKOB AerpanauuH aepesbes, [[[—IV
ctaauu AHrpeccHu [3], sBHOe HapylleHHe GHOreOLEHOTHYECKHX CBSi-
3eff — noteps CNOcOGHOCTH ecTecTBeHHOro caMOBO30OHOBJEHHS.

4. YcKOpeHHO JlerpalHpyIOILHecs HacaXKJeHHs — Pe3KHH Ha-
KJOH TPeHNa CHHMKEHHs TeKyllero NpHpoOCTa, YPOBEeHb TeKyLlero
npHpocTa B HHTepBase Mexay ToukaMH H u K, Tekywmmuit npupoct

B 2—3 pa3a HHXe KOHTPOJIbHOrO, CyIlecTBeHHble BHELIHHE [pH-
3HaKH perpapaunn 111 u IV crenens, IV—V cTaauK AHrpeccHH XH-
BOr0 HAaMOYBEHHOro Mokposa [3].

5. Toru6alouine HacaXAeHHS — TEKYLIHH NPHPOCT CHH3HJICA A0
KPHTHYECKOrOo  YPOBHS,  JIOMOJHHT@JbHbIA  TeKYLWHH [PHPOCT
B 2—5 pa3 HHXe KOHTpPOJbHOro, V crafus AHrpeccHu [3].

[Tpn HecoBmafeHHH OTAEJbHBIX NOKa3aTesJed MPHOPHTETHAS
pPOAbL B KJAacCH(MHKALHH HacaXKJIeHHA no npoOHLIM MJOLanAM (co-
BOKYMHOCTSIM JepeBbeB) OTBOAHTCH MOKa3aTeJafiM TpPeHAa Tekyllero
NpHPOCTa JPeBeCHBIX HACaX/JeHHH.

Jns 3KOJMOro-nporHOCTHYECKOro KAapTHPOBAaHHA HCMOJb3yeTcs
Tonorpaguyeckas OCHOBa TEPPHTOPHH C HAHECEHHHMH Ha Hee KOH-
TYpaMH JecoHaca)KieHHH. B mnpegenax 3THX KOHTYPOB pasJHy-
HOi ILITPHXOBKOM (MJH OKpacKof) BHAeJNSIOTCA IJOLIAAH C CO-
OTBETCTBYIOLLEfi CTeNeHbl MNPOrHO3Hpyemoii yrpoxaemocTH. [las
CBOJHOro rpaduyeckoro npeAcTaB/eHHs ‘NPHOPHTETHOCTH (Mo Tep-
PHTOpPHH H (akTOpaM) Ha 3KOJOro-NpOrHOCTHYECKYK KapTocxeMmy
HAHOCATCH yle/bHble Beca BJIHAHHA OTPHLATENbHBIX (PAKTOPOB BO3-
AeficTBHs [2], koTOpbie pasjeneHs no Tpem 6JOKaM: a) 3arpasHe-
HHe BO3/yXa H mouBbl, 6) H3IMeHeHHe TI'HIAPOJIOrHYECKOro pexHMa,
B) PeKpealHOHHOe BO3AEHCTBHE H CBA3aHHOE C HHM YMNJOTHEHHe
MOYBHI.

IKoM0ro-NPOrHOCTHYECKaA KapTOoCXeMa COMpOBOXIAEeTCH COOT-
BeTCTBYIOLLHM TEKCTOM, B KOTOPOM JaeTcA MPOrHO3Has OUeHKa Kap-
THPOBAHHLIX [APEBOHACAMKAEHHH H OOOCHOBAHHE Jara OXHILaembix
H3MeHeHHH (Mo aecaTHaeTHsMm). TekcT 3aBepuiaeTcs peKkOMeHja-
LHAMH MO OnpejesieHHio NPHOPHTETHOCTH BHAA, creHHbHKH H Tep-
PHTOPHAJILHOIO pacnpeieneHusi 3KOJOrHYCCKHX MEpONpHATHI, ie-
00OXOAHMbBIX AJA NpeaoTBpalleHHa OTPHILATEbHLIX ﬂOC.’IEﬂ.CTBHﬁ,
O/MHAACMBIX COTJIACHO BKOJ’IOFO-l']pO]"l[OCTI{‘iECKOﬁ OUEHKC ApeBOHAa-
CAMIEHHH.

PaspaGotannas Meroanka anpobHpoBana H BepH@HUIpoBaHa
B npuropoanbix gecax Mocksu, Jlennurpana, 10Opmansl, Kinposcka.
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erIllpll‘dCCKHc KO3@P@PHUHCHTbLl YPaBHEHHH TNpoBepenbl TakzKe 1o
JOCTATOYHO penpe3eHTaTHBHOMY MartepHaay JsecoB Cu6upu. Onna-
KO Bce pafioHbl BepHOHKALHH METOAHKH OTHOCATCA K JIECHOH (4ac-
THYHO JIECOTYHAPOBOH H JecocTenHo#) 3oHe. [IpH mnpHMeHeHHH
METOJAHKH B JIPYTHX NPHPOAHbIX 30HAaX ¢ JAPYTrHM BHIOBBIM cOCTa-
BOM M CYLIECTBEHHO APYTHMH NPHPOAHBIMH JHMHTHDYIOIIHMH (ak-
TopaMH (HampHMep, TeMmepaTypa, peXHM YBJaXHEHHA) Heo6xo-
NHMa JOMOJHHTENbHAas BepH(HKAlUHA METOJHKH, B pe3yJbTaTe yero
MOXeT noTpe60oBaThCs afanTHPOBaHHe H MOAH(DHLUHDOBAHHE HEKO-
TOpbIX MeToA0B. MoaHpHUHpOBaHHe H AaJbHelillee COBEpUIEHCTBO-
BaHHe pa3pabOTaHHOH METOAHKH OYy[eT AHKTOBATbCH TaK¥Ke [AaJb-
HeflIHM pa3BHTHEM HayKH H MaTepHaJbHO-TEXHHYECKOH 6a3bl.
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