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Jlnenponempo8cKutl HayUOHATbHYL YHUBEPCUMem

HCCJEJIOBAHUE ®YHKIIMOHUPOBAHUS TPOPUUYECKNX CETEH
METOJAMU UMUTALIUMOHHOTI'O MOJAEJIMPOBAHUSA

Ha npuknaai koHcopuii, 110 CKJIaJa€THCsA 3 NPOAYUEHTA Ta 8 BUAIB KOHCYMEHTIB, NoB’si3aHux 14
TpoiyHNMU 3B’A3KAMH, ONTUCAHMIA aJrOPUTM NMOOYA0BH iMiTauilinoi Moaesi Tpodiunoi Mepexi y cepeno-
Buuii Microsoft Excel. IlpoananizoBano AMHaMiKy NpOIyKTHBHOCTI Ta CIIOKMBAHHS G6ioMacu MojeJbHOI
cucremu. ChopMyib0BaHi 3aKOHOMIpHOCTI GyHKLIOHYBAaHHS TPOQIYHMX MepeiK.

The algorithm of simulating the trophic net in a system consisted of 1 producer and 8 consumer
species, which linked by 14 trophic relations, using Microsoft Excel is presented. Dynamics of productivity
and biomass consumption in the model system are analyzed. Regularities of consortium nets functioning
are stated.

BBenenne

®dyHnamMeHTaIpHAsS OUOTEOIICHOOTHS, co3/1aHHast akaj. B. M. CykaueBbiM [15] u pa3-
BUTasl Hay4HOU mikomoi mpod. A. JI. bembrapaa [2; 3; 16], 3amoxuia 0CHOBBI TOHUMAaHHUS
MIPUPOTHBIX COOOIIECTB KaK MHTETPATBHBIX CaMOPETYIUPYIOMUXcs cucteM. CoTpyTHUKaMK
KomnuniexcHolt sxcneauiuu JJHemponeTpoBCKOro YHUBEPCUTETA MO0 U3YUEHHIO CTEIHBIX Jie-
coB [1] mpoBeneHbI nccaenoBanus GayHbl JECHBIX COOOIIECTB, KOTOPHIE MO3BOIUITH MIEPEHTH
K MOZIEITMPOBAHMUIO OT/IENTFHBIX TOIYJISIIAN 1 X COOOIIECTB — OMOLIEHO30B.

MopenupoBaHue TPOPUUIECKUX B3aUMOJICUCTBUMA B OHMOIOTHUYECKUX CHCTEMax B
HACTOSIIMI MOMEHT HAXOJWTCS Ha 3Tarle ONHMCAaHUS B3aMMOICHCTBUH MEXIY IBYMs—
TpeMs Buaamu [6; 7; 13]. YBenuuenne oObeMa U CTPYKTYPHUPOBAHHOCTH MOJIEITHPYEMBIX
CHUCTEM CBSI3aHO C JKCIMOHCHIIMAIHLHBIM BO3PACTAaHMEM KOJUYECTBA CBSI3EH B MOJEIH,
MPOSBICHHEM HOBBIX MEXaHH3MOB B3aMMOJCUCTBUS MEXKIY 3JCMEHTAMH CHCTEMBI.
B cBsi3u ¢ 3THM omMcaHue CHCTEMBI COBOKYITHOCTBIO YPaBHEHUI B HHTETPAIBHON (hopme
CTAHOBUTCS OYEHBb TPOMO3IKUM.

[Ipupoansie coobiecTBa mpuHapIekar K tumy auddysssix cucrem. B mmoxo opra-
HU30BaHHBIX (AU (y3HBIX) CHCTEMaX HENb3sS YeTKO BBIICIHUTH OTICTbHEIC sBIeHUS ((pak-
TOPHI, TIEpEeMEHHBIE), onpeaessronme Xo 1 mporiecca [11]. bonbimoe 3rauenne B GyHKIHO-
HUPOBAHUHM JKOCHUCTEM BBIMOJIHAIOT MEXaHU3MBI, IPOrpaMMHUpyeMble B UH(POPMATHKE 110
tuny «Ecnu ..., To ..., uHaue ...». C yBeIMYCHHEM KOJIMYECTBA CBA3CH B CHUCTEME MX 3Ha-
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YeHHe BO3pacTacT. JTa 3aKOHOMEPHOCTh TAKXKe HajaraeT PsJl CYIIECTBEHHBIX OTpaHHYC-
HUI Ha MOJIXO/IbI K OITMCAHUIO TPOYUIECKUX CETEH.

Takum 00pa3oM, OTCYTCTBHE TOAXOISIICH CPEIbI s ONMCAHUS B3aUMOJICHCTBUIA B
COO0O0IIeCTBax W BO3HUKHOBEHUE TPYTHOCTEH, CBA3aHHBIX C YBEIHMUCHHEM 00BheMa MOJICIH,
BBI3BAJIO CHIKCHUE HHTEPECa K MOJICIIMPOBAHUIO TPOYUUESCKUX B3aUMOJICHCTBUL.

Lens HacTOsmIel pabOThI — MOKa3aTh BO3MOXHOCTh, BAXKHOCTh M OTHOCHUTEIBHYIO
MPOCTOTY MOJISIIUPOBAHUS TPODUUECKHIX CETEeH, COCTOSAIINX U3 OOJBIIOT0 KOJIUYECTBA BH-
ITOB. 3a7adu pabOTHI — OMKCATh AITOPUTM TOCTPOCHHS MMHTAITMOHHOW MOJIENH, BHISIBUTH
HOBBIC M TOJATBEPANTh YCTAHOBJICHHBIC 3aKOHOMEPHOCTH (hYHKIIMOHHUPOBAHUS Tpoduye-
CKHX CETEH C MCIOJb30BaHUEM NMHUTALMOHHON MOJIEIIH.

AJITOPUTM NOCTPOEHHNSI HMUTALIUOHHOI MoJen

OpnHoli U3 Hanboee YIOOHBIX Cpell JJsl OCYIIECTBICHUS MOICTHPOBAHUS SBIISIETCSI
makeT Microsoft Excel, mpemnoxxenHsIid ams MoaenupoBanust nomyssimuid A. B. Kopoco-
BEM [9; 10]. Kak moka3aHo Ha mpuMepe MOACITUPOBAHISI TIOMYJISIIUN HACEKOMBIX [5], make
Takas MpocTasi cucTeMa Kak MOMyJISIys BHIa-MoHO(]ara B CBS3U C YepeOBAHUEM OT/CITh-
HBIX (pa3 pa3BUTHS W HAJIOXKEHUEM IMOKOJIEHHI CTAHOBHUTCS JJOCTATOYHO CIIOKHOM B MOJE-
JIMPOBAHUH.

B cBa3u ¢ atum, aia Oosiee YETKOTO MPOSIBICHUS OCHOBHBIX 3aKOHOMEPHOCTEH
(YHKIIMOHUPOBAHUS TPOPHUIECKOMN CETH, MBI CUUTaeM HEOOXOAMMBIM YIIPOCTHTH €€ CTPYK-
Typy. TeopeTndeckn Bce B MPUPOJIE CBA3AHO CO BCEM; KOJMYECTBO CBS3EH B CHCTEME, CO-
CTOSIIICH M3 HECKOJIBKUX JECSTKOB DJIEMEHTOB, HE Ja€T BO3MOXKHOCTU CO3/aTh €€ MMHTa-
[MUOHHYIO MOJieTb. [103TOMY MBI OTOpOCHIIN T€ B3aUMOJACHCTBHUS, KOTOPHIE HE OKA3bIBAIOT
CYIIECTBEHHOTO BIIMSHHUSA Ha COCTOSIHME CHCTEMBI, a Takke W3MEHEHHWE CIIeKTpa MHTaHUS
BHJIa BO BpeMeHH [ 14].

B kauecTBe 00pa3ua il HOCTPOCHUSI MOJIENIM BBEIOpaH THIWYHBIN y4acTOK Tpoduye-
CKOW CeTH, KOTOPBIH MOXHO pPaccMaTpUBaTh KaK CaMOCTOSTEIbHYIO TPO(HUIECKyIO CEeTh
(puc. 1). lanHast cucremMa — 3aMKHYTas, TaK KaK BUJIbI HE MOTYT MUTPHPOBATH C MOJICIH-
PYEMOro ydacTka 3éMHOW MOBEPXHOCTH Ha cocequue. Kpome Toro, Bce ocobu Mopaenmpye-
MBIX BUZOB OECCMEpPTHBI: TIPH OTCYTCTBUU KOpPMa OHH MEPEXOJIAT B CTAIUIO TTOKOS (MHIIH-
CTHPYIOTCSI, BIIAAAIOT B aHAOMO3, CIISYKY H T. II.).

A

Puc. 1. CxemaTnueckoe n3o0paskeHue MoaeMpyemMoii Tpoguyeckoii cetn

s ompeneneHuss TOBeNEHHMS CHCTEMBl HCHOJNB3YyIOTCS Jumib S50 mapameTpoB
(puc. 2), 4TO MPUMEPHO HA [[Ba MOPSIKA MEHBILE, YeM KOJIMYECTBO [1apaMETPOB B CUCTEME
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TaKOTO paHTa B MPHPOJHBIX YCIOBUAX. B CBA3M ¢ 3TWM He clemyeT MCKaTh OYKBAIBHOTO
MIPUMCHEHUSI TTOTyUYEeHHBIM pe3yJIbTaTaM: 3aKOHOMEPHOCTH M3MEHEHUS XapaKTEPUCTUK MO-
JIENY JIAIIb [TOMOTAIOT Jy4YIlle TOHSTH CIOXKHEHINEe MEXaHW3MBI MOBEACHUS TMPUPOIHBIX
CHCTEM.

£1 Microsoft Excel - Tpodmueckas cets (1)

@gaﬁn Opaeka Bua Bcraeka dopmat Cepewc fadele OkHo Cnpaska  Acrobat
DEHdS &Y bR @& = A 4 hl B 2 E?| imeshewRomanCYR - 10 - K K U

A | =| A
A|EBE Cc D E F ) H |
D

1 |T E © E F G H |Obrexr nuranua

2 09101 A (Coexrp nuTa#uA BHOA 00 KONHYECTEY ocobeil)
) 0.6 0 0.1 B (Croextp nHTaHHA BHOA 10 KONHIECTEY ocobei)
4 0,8 0,2 C (Cnextp IHTAHHA BHAA 00 KOIHYECTEY ocobeil)
5 0.1 0.4 0,5 |D (Coexrp DHTAHHA BHOA 00 KOTHYECTEY ocobei)
5] 9,00 (0,20 A (Coexrp nutaguA BHga 0o bHoMacce)

T 240 | 0,20 | 0,20 B (Cnewxtp nutanna EHga 0o bHoMAacce)

3 2,40 | 0,40 C (Cnextp nuTaHnA BEHfga 00 bHoMAacCce)

9 0,30 [ 0,80 | 0,50 |D (Croexrp DHTAHHAEBHTA 00 BHOMACCE)

10 & | B C | D E F G H |OcHoBHHE ZapakTEpHOTHEH BHIA

111 20 | 10 3 3 4 3 2 Buomacca, mr

12 201920 14| 07 0.5 0.4 0,1 |IloTpebnedne KopMa, MO/CYTEH

130 10 [ 20 | 40 | 30 | 110 [ 140 | 120 | 250 |HawaneHad 9HCIEHHOCTE, SK3./M2

14 00,01 0,05]0,04]0,03] 0,12 | 0,10 | 0,08 | 0,07 [IInomoeuToCTE, 216, B CYTKH Ha | pOSHTENECKHE SKeeMIIAD
15 1000 1000| 1000{ 1000]| 1000010000 {10000 | 10000 |Bepxuuii npenen YHCIEHHOCTH

—

Puc. 2. OcHoBHBIE TapaMeTPHI MOJETH

Ilepemennsie B stuelikax A6:H9 simekTpoHHOW TaONHIBI ITOMYyYEHBI IEPECUYCTOM
CIIEKTpa THTAHUS 110 KOJIMYECTBY 0cO0el Ha X OMOMaccy — 3TO MPOU3BOIHEIE, BCIIOMOTa-
TEJbHBIC BEJTMYUHEI.

OrnumieM B 00IMKX YepTax MEXaHU3M ITOCTPOCHUS UMUTAIIMOHHON Moenu (Tada. 1).
Bce mapaMeTphl CHCTEMBI U3MEHSIOTCS TUCKPETHO, YTO XapaKTEPHO JUIS MHOTHUX MPHPOJ-
HBIX CHCTEM: Y OOJIBITMHCTBA U3YUYCHHBIX BUJIOB )KHUBBIX OPraHU3MOB IPOSBIISIOTCS CYyTOY-
HBIC U JIPYTHUE PUTMBI OMOJIOTHYECKOH aKTHBHOCTH. B TedeHHe KaKAbIX CYyTOK Tpoduye-
CKasi aKTMBHOCTBH BHIOB MOOYEPEIHO CMEHSET JAPYT JApyra: CHauayia mutaeTcs Buj B, 3a-
TeM — Buj C, TIociie 5Toro — Bua D.

TekyIee KOIMYeCTBO 0COOEH B MOMYJISIIIAN ONPEEINSETCs YNCICHHOCTIO B IPEIbI-
IyIIHe CYTKH, CyTOYHBIM MPHUPOCTOM TIOTYJISIINHA U CHIDKAETCS 32 CYET CYMMBI KOJTMYECTBa
oco0eil, ChelICHHBIX BUIAMH, MHUTAOIIUMUCS JTAHHBIM BHJIOM, & TAKKE KOMIICHCATOPHBIM
MOEJaHUEM JIAaHHOTO BUa (M3MCHEHHWE paIlMOHA M3-32 CHW)KCHHS YWCICHHOCTU JPYTHX
KOMITOHEHTOB paIrrioHa) (cM. ctpoku 1-8 tabm. 1).

Macca kopMa, HeoOXoauMasl IJIsl POTUTAHUS TTOMYJIAIMHA KaKIO0r0 Buaa (CM. CTpO-
ku 10-17 tabn. 1) mepepacmpenensercss MeXIy OTACIbHBIMHA BUAAMH, BXOSIIMMH B pally-
OH THUTaHWS, MPOTOPIUOHAIBHO TMUIIEBBIM TPEINOYTEHUSIM JaHHOTO BHAa KOHCYMEHTa
(cm. ctpoku 1837 tadm. 1).

Ecnu Tekyinee 3HaYeHUE YMCICHHOCTH OOBEKTA MMTAHMUS MEHBIIE KOJUUECTBA OCO-
Oeli, HEOOXOIMMOTO ISl IPOTIMTaHUs, CHIDKAeTCsl MHAEKC (CM. cTpoku 38—41 Tabm. 1), o1-
pakaromui 1070 0co0eH, MOTYYHBIINX HOPMAbHOE MUTAaHWE I Hadaja Pa3sMHOKEHHS
(Oe3 KOMIIEHCATOPHOTO U3MEHEHHSI PAIlMOHA MTUTAHUS B OTBET HA CHIDKCHHUE YUCICHHOCTH
KOPMOBBIX OOBEKTOB).
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Tabnuya 1
ITapamMeTpbl HMHTALIMOHHOI MOJ€/IH
Ne OnucaHye BBIMOIHAEMON omepayu™ N [punep (byHKHHHv
1151 35-1 CTPOKH 3JIEKTPOHHOM TaOJIHIIBI
1 2 3
1 | Pacyer uncieHHoCTH BUaa A, 9K3. A35=A34+AP34
2 =1 B 5xs B35=ECJIN(B34+AQ34-T34-BF34<0,1;0,1;B34+
> +AQ34-T34-BF34)
3 |21 C o3 C35=ECJIM(C34+AR34-U34-BG34<0,1;0,1;C34+
> I +AR34-U34-BG34)
4 |-l —D, k3. D35=D34+AS34
5 |1 —E oxs E35=ECJIN(E34+AT34-W34-AX34<0,1;0,1;E34+
> +AT34-W34-AX34)
F35=ECJIN(F34+AU34-Y34-AC34-AG34-AY34-
6 |-l —F,2Kk3. -BA34-B(C34<0,1;0,1;F34+AU34-Y34-AC34-AG34-
-AY34-BA34-BC34)
G35=ECJIN(G34+AV34-AA34-AE34-Al34-AZ34-
7 |-ll—G,K3. -BB34-BD34<0,1;0,1;G34+AV34-AA34-AE34-Al34-
-AZ34-BB34-BD34)
8 |1 H oxs H35=ECJIN(H34+AW34-AK34-BE34<0,1;0,1;H34+
> +AW34-AK34-BE34)
9 Texy1uast cyMMapHasi YMCJIEHHOCTh BCEX pac- 135=CYMM(A35:H35)
CMaTpUBaeMBIX BUJIOB
Macca kopma, HeoOX0UMast IS IPOIUTAHUS
10 | B Teuenue cyTok Mogenupyemoii monyisinun | J35=A35*A§12
Buga A, Mmr
11 |-ll—-B,Mr K35=B35*B$12
12 |-l -C,mr L35=C35*C$12
13 |-11—-D, mr M35=D35*D$12
14 |-l1-E, mr N35=E35*E$12
15 |-l —F,Mr O35=F35*F$12
16 |-l - G, Mr P35=G35*G$12
17 |-l —H, mr Q35=H35*HS$12
13 HeobOxonumoe ju1s nponutanys Buaa A B Tede- R35=8J35*$B$6/((SBS6+SCS6)*$BS11)
HHE CYTOK KOJIMYECTBO FK3EMILIAPOB Buja B
19|-1-C S35=8135*$CS$6/(($B$6+$C$6)*$CS11)
20 KommuecTBo sk3eMIUISIpOB B B, CheIeHHOE T35=ECIIH(R35>B35:B35:R35)
BUJIOM 4 B TEUEHUE CyTOK
2 KommuectBo sk3eMiunsipoB Buaa C, CheJeHHOE U35=ECITH(S35>C35:C35:835)
BUJIOM A B T€YEHHE CYTOK
9 | Heobxomumoe s poNMTAHMs Buia B B TCUC- | /35y 35401 87/(SEST+SFST+SGST)*SES 1)
HHE CYyTOK KOJIMYEeCTBO BHIA F
23 KommaecTBo sx3eMIuIsIpoB BuIa E, CheeHHOE W3S=ECITH(V35>E35:E35:V35)
BUJIOM B B TeUeHHUE CyTOK
24 Heo6xoxumoe mist mponuTaHus BuIa B B Teue- X35=K35*$ES7/((SEST+SEST+$G$7)*SFS$11)
HHUE CYTOK KOJIMUECTBO Buja I
25 KonuuecTBo 3k3eMIIIApoB BUAA F, ChbeIEHHOE Y35=ECJIH(F35-X35>0;X35F35)
BHUJIOM B B TeueHHE CYTOK
26 | Heo0X0mMMOe 11 DONMTAHNS BUA B B TCUC- | 735y 35x0G57/(SEST+SFST+SGST)*$GS11)
HHE CYyTOK KOJIN4IecTBO Bupa G
27 KonmuecTtBo sk3eMIusipoB Buna G, CheieHHOE AA3S=ECIIV(G35-Z35>0:235:G35)
BUJIOM B B TEUEHHE CYTOK
28 Heob6xonumoe s nponutanus Buaa C B Teve- AB35=L35*$F$8/((SFS8+$GS8)*$F$11)

HHEC CYTOK KOJIMYECTBO BHUAA F
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Ipooonsicenue mabnuyer 1

2

3

29

KosuecTBo 3K3eMILIApOB BUAA F, CheICHHOE
BusIoM C B TeUEHHE CYTOK

AC35=ECJIN(F35-Y35-AB35>0;AB35;F35-Y35)

30

Heobxomumoe st mpormuranus Buaa C B Teye-
HHE CYyTOK KOJIMYeCTBO Brza F

AD35-L35*$G$8/((SF$8+$G$8)*$G$11)

KommaecTro OK3EMILUIAPOB BUA F, , Cb€ICHHOC

31 AE35=ECJIN(G35-AA35-AD35>0;AD35;G35-AA35)
BujioM C B TEYEHHE CYTOK
3 | Heobxommoe At NpONHMTAHKS BuMA DB TCUC- | ) £35_ 1358 G0/(SFSO-+SGSO+SHSO)V*SFS1 1)
HHE CYTOK KOJIMUECTBO BuAa I
KommuectBo sx3emmuisipoB Buza F, ceenernoe | AG35=ECJIN(F35-Y35-AC35-AF35>0;AF35;F35-
33
BuioM D B TEUEHHUE CYTOK -Y35-AC35)
34 | HeobXxommMoe 1t NpONHTAHKS BUMA D BTCHC- | ) 135\ 135x6GS9/(SFS9+$GS+SHS9)*$GS11)
HHUE CYTOK KOJIMYECTBO Bujia G
35 KommuectBo sx3emmiisipoB Buza G, ceenenHoe | AI35S=ECJIN(G35-AA35-AE35-AH35>0;AH35;G35-
BUJIoM D B TeYEHHE CyTOK -AA35-AE3)5)
36 | HeoOX0MMMOC 113 IPONMTAHNA BUMA DB TCUC- | 4 135 1359 F{0/((SF$9+SGS9+SHSO)*SHS11)
HHE CYTOK KOJMYECTBO Buja H
37 KonmaectBo 9Kk3eMIuisipoB Bua H, CheieHHOE AK35=ECII(H35-AJ35>0:A35:H35)
BujIoM D B T€YEHHE CYTOK
Yacts nomynauuu Bujaa B, nosyuyusLias HOp-
38 g“a“"“(’e [MTAHHC JUIA HATATA PASMHOMCHHIA | oy 35— W35+#QES] 1+Y35*SF$1 1+AA35*$GS11)/K35
€3 yJeTa M3MEHEHHs! PALOHA, BHI3BAHHOTO
HEXBATKOW OTJIENBHBIX KOPMOBBIX O0BEKTOB
39 |-n-C AM35=(AC35*$F$11+AE35*$GS$11)/L35
401D AN35=(AG35*$FS11+AI35*$GS$ 11+
+AK35*$H$11)/M35
41 [-11—-4 AO035=(T35*$B$11+U35*$C$11)/135
42 EIZ;;’ZH‘;‘ZSHPHP"CT HHCICHHOCTH HOMY WA | A p35_BK35*A$14*A35%($A$15-A35)/SAS15
43 |-l — B, oK3. AQ35=BH35*B$14*B35*($B$15-B35)/$B$15
44 |1 - C, 3K3. AR35=BI35*C$14*C35*($C$15-C35)/$C$15
45 |- - D, k3. AS35=BJ35*D$14*D35*($D$15-D35)/$D$15
46 |-l — E, k3. AT35=E$14*E35*(SE$15-E35)/$SES15
47 |-l — F, oK3. AU35=F$14*F35*($F$15-F35)/$F$15
48 |-l — G, 7K3. AV35=G$14*G35*(3GS$15-G35)/$GS15
49 |-l — H, 3K3. AW35=H$14*H35%($H$15-H35)/$H$15
KomaecTBo 9K3eMIIBSIpOB Buaa E, TOMONHHA- AX35=ECJI((1-SAL35)*$K35/(SES1 1+
50 | TenbHO CheIeHHOE BY, I())M B I/II;-?)a’HZ;XBaTKI/I FSF$11*F35/E35+8GS1 1*G3S/E5)>(N3S-W3S+
TUX Konfnonemonﬂ auroHa (Busl F u G) FAT35),0(1 SAL3S)*SK3S/(SESLI+SFS11*F3S/EIS+
Apy pau o +$G$11*G35/E35))
KosnruecTBO 5K3eMILISpOB BHAA F, TOMOJHHY- AY3S=ECIIM((1-SAL35)*SK3S/(SFS11+
51 | TeIBHO CHEIEHHOE B I())M B HH3-3a’HIel:XBaTKH FSES1I*E3S/F3STSGS11*G35/F35)>(F35-Y35-
e I\fHOHeHmBH atora (et £ G) | AC35-AGISTAU3S)0(1-SALIS)SK3S/(SFS 11+
Apy pait - +$E$11*E35/F35+$G$11*G35/F35))
KonmaecTBo 9K3eMIsipoB Buaa G, IOOTHA- AZ3S=ECT((1-SAL35)*$K35/($GS11+
52 | Texbrio chencoe bton B s noxsancn | TOESIE3S/GISHSEST I¥F35/G35))>(G35-AA3S-
TUX Konfnonemonﬂ arpoHa (Bussl F u E) TAE3S-ABSTAV3S)L01-SALIS)*SKIS(SG11+
Apy pan - +$E$11*E35/G35+$F$11*F35/G35))
KonnyectBo sKk3eMIuispos Buaa F, nononan- | BA35=ECJIU(((1-SAM35)*$L35/($F$11+
53 | TespHO cheneHHoe BUAoM C M3-3a HEXBATKU +$GS$11*G35/F35))>(F35-Y35-AC35-AG35+AU35-
Buma G -AY35),0;(1-SAM35)*$L35/($F$11+$G$11*G35/F35))
KonuuectBo sx3emiunsipo Buaa G, mononau- | BB35=ECJIN(((1-SAM35)*$L35/($GS$11+
54 | renpHO chenennoe BumoM C n3-3a HEXBATKH +$F$11*F35/G35))>(G35-AA35-AE35-AI35+AV35-
suma F -AZ35):0(1-SAM35)*$L35/($GS$11+$F$11*F35/G35))
55 KonuyectBo 3x3eMuisipos Buaa F, nononau- | BC35=ECJIN(((1-$AN35)*$M35/($F$11+
TENBHO CHEICHHOE BUIOM D M3-3a HEXBATKH +$G$11*G35/F35+$H$11*H35/F35))>(F35-Y35-
28
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Oxonuanue mabauyvl 1

2

3

JPYTUX KOMIIOHEHTOB pauuoHa (Bunasl G u H)

-AC35-AG35+AU35-AY35-BA35),0;(1-
-$AN35)*$M35/(SF$11+$G$11*G35/F35+
+$HS$11*H35/F35))

56

KomnnuecTBo sk3eMIuisipoB Buaa G, TOMOJHHU-
TEJIBHO CheICHHOE BUIOM D HU3-3a HEXBaTKU
JPYTUX KOMIIOHEHTOB pauuoHa (Bunsl ' u H)

BD35=ECJIN(((1-SAN35)*$M35/(SGS11+
+$F$11*F35/G35+$HS 1 1¥H35/G35))>(G35-AA35-
-AE35-AI35+AV35-AZ35-BB35);0;(1-
-SAN35)*$M35/($GS$11+$F$11*F35/G35+
+$HS$11*H35/G35))

57

KomuuecTtBo sx3eMmtsipoB Buaa H, JONoIHU-
TEJILHO ChEJICHHOE BUJIOM D U3-3a HEXBATKU
JPYTUX KOMIIOHEHTOB paroHa (Buabl ' u G)

BE35=ECJIN(((1-SAN35)*$M35/(SHS$11+
+$F$11*F35/H35+$GS11*G35/H35))>(H35-
-AK35+AW35);0;(1-SAN35)*$M35/(SH$ 11+
+$F$11*F35/H35+$GS$11*G35/H35))

58

KonnuecTBo 5K3eMIUTSAPOB BHIA B, NTOMOIHU-
TEJIBHO ChEIEHHOE BUIOM A M3-3a HEXBATKH
Buga C

BF35=ECJIN(((1-SA035)*$J35/(SBS11+
+$C$11*C35/B35))>(B35-T35+AQ35);05(1-
-$A035)*$135/($B$11+8CS$11*C35/B35))

59

KommyectBo sx3eMIunsipoB Buzaa C, TOMOIHU-
TEJIBHO ChEICHHOE BUIOM A M3-3a HEXBATKH
Buga B

BG35=ECJIN(((1-SAO35)*$J35/(SCS1 1+
+$B$11*B35/C35))>(C35-U35+AR35);0;(1-
-$A035)*$135/($C$11+$BS11*B35/C35))

Yactp NOITyJIAUKU BUJA B , IOJTyYHMBIIIasg HOP-
MaJIbHOC IMMTAaHUE I Ha4Yajla pa3MHOXCHUS C

BH35=AL35+(AX35*$E$11+AY35*$F$11+

60

Y4ETOM KOPPEKTUPOBKH paliioHa, BbI3BaHHOTO |+AZ35*$G$11)/K35

HEXBAaTKOW OTJICIbHBIX KOPMOBBIX 00BEKTOB

61 (-11-C BI35=AM35+(BA35*$F$11+BB35*$G$11)/L35
6 |-i-p BJ35=AN35+(BC35*$F$11+BD35*$GS$11+
+BE35*$H$11)/M35
63 |—11-4 BK35=A035+(BF35*$B$11+BG35*$C$11)/J35
64 |3 BL35=I35*I35/(A35* A35+B35*B35+C35*C35+
HayeHIe HHAEKca pasHooOpasmsa CuMIicoHa

+D35*D35+E35*E35+F35*F35+G35*G35+H35*%H35)

IIpumeyanue: * noapoOHOE OMKCAHKUE BCEX OIEpalUii IOMEIIEHO B TEKCTE.

CyTOYHBIH MPUPOCT YUCICHHOCTH TOITYJIAINN BHIa (CM. cTpoku 42—49 Tadin. 1) 3a-
BHUCHUT OT KOJIMYECTBaA 00066171, TMOJTYYMBIIUX HOPMAJIbHOC NMUTAHUC [JIA Hadala pa3MHOXKC-
HUS, YUCJICHHOCTU BHJIA B TpeAbLIymue cyTku. OH CHIDKACTCS MPH TPUOIDKCHUN YHUC-
JICHHOCTH TIOMYJISAIIMK K BEPXHEMY MPEACTY YHCICHHOCTH MOMYJISIIUY JUIS JAHHBIX YCIIO-
Buil 1o ypaBHeHuto Oepxronscra — [lepna [17; 18]:

)
dt k
,
rae N — YHCIEHHOCTH TOIMYJISILUH, 7y —
BEPXHU Npeiesl YUCICHHOCTH TIOITYJISIIIHH.
[Mo manneiM H. Wallin u B. Ekbom [19], nonydeHHBIM C HCHONB30BaHHEM IOpTa-
TUBHOH pajjapHOI CHUCTEMBI, XUIIHAS XKyxenuua Poecilus cupreus L. Tpu HU3KOHN TUIOTHO-
CTU KOPMOBBIX O0OBEKTOB IIEPEXOJUT OT HAIIPABJIEHHOIO [IOMCKA KEPTBBI K €€ CIIyJyalHOMY
noucky. OCHOBBIBAsICh Ha JTAHHOM 3aKOHOMEPHOCTH, MBI MPENIONaracM, 4To KOMITEHCa-
TOPHOE HACBIIICHUE KOHCYMEHTA IPH YMEHBIICHUH YUCICHHOCTH OJJHOTO WJIM HECKOJBKHX
KOPMOBBIX OOBEKTOB IPOUCXOAUT MPONOPLMOHAIBHO YUCIEHHOCTH IPYTHMX KOMIIOHEHTOB
paimoHa B cpese, 6e3 yuera KO3 QHUIMSHTOB MPEANOYTCHUS:

CKOPOCTb POCTa MOMYJIALUH, kK — YCTOHYMBBINA

ng

E F G,

ng

_Ng

rae E, F, G —aucnennocts BunoB £, F'u G B cpene, ng, ng, ng — 9UCIO0 SK3EMIUISIPOB COOT-
BETCTBYIOIIMX BUJIOB, CheJICHHBIX BUIOM B. CienoBaTeiabHo:
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F G
Np=—np; Ng=—Hn

E", ° E

Kommencaroproe notpebiienne kopma (M) BuaoM B MOXHO TPEICTABUTH B BHIC
CYMMBI MPOU3BEACHHIA KOJIMYECTBA JOIOJIHUTEIBHO MOTPEOJCHHBIX SK3EMILIIPOB KOPMO-
BEIX BUJIOB (715, 15, Ng) HA Maccy OTHOTO 3K3eMIuIIpa (mg, my, Mg), CIE0BATEIIBHO:

M=nm;+n,m +nGmG,

F G
M :nE(mE +EmF +Emc)

M

}’lE=

F G
mg +EmF +EmG

JlarHbIe POPMYITBI HCIIONB3YIOTCS B MOJCIH JUIS pacdyeTa KOMIICHCATOPHOTO YBEIH-
YeHHs MOTPEOICHU KOHCYMEHTOM KOPMOBBIX 00BEKTOB (CM. cTpokd S0-59 Tabm. 1).

Crnenyer oTMETUTB, YTO, KPOME UCIIOIH30BAaHHOTO B IAHHOIM MOJENIH MPUHIUIIA pac-
npesiesieHns] TPOPUIECKON HArpy3KH XMIIHUKA Ha HECKOJIBKO BHIOB JKEPTB, B ONpeEeieH-
HBIX YCJIOBHUSX MOTYT TIPOSBISTHCS U JPYTHE MEXaHWU3MBI TPO(UUECKOTO BO3ICHCTBHA,
OTMHCaHNE KOTOPBIX HE SIBISIETCS IIETBI0 HACTOSIIIIEH paboTHL.

Yacth momyJisIuy, MOJTyYHBIIAas HOPMAJIbHOE MUTAHWE JUIS Hadala Pa3MHOKCHUS
(c yueToM KOPpPEKTHPOBKH paIlFiOHA, BEI3BAHHOTO HEXBATKOW OTHEIFHBIX KOPMOBBIX 00B-
€KTOB), PACCUNTHIBACTCS B 3aKITFOUUTEIILHBIX CTOJIONAX 3JICKTPOHHOHN TaOIHIIBI (CM. CTPOKH
60—63 Tabm. 1).

OtaenbHO paccuMThHIBACTCS TEKyIlass CyMMapHas UHCIEHHOCTh BCEX BHOB
(cMm. ctpoky 9 Tab:. 1) 1 mHIEKC BUAOBOTO pazHooOpa3us CumiicoHa (CM. CTpoky 64 Tadir. 1).

TakuMm 00pa3oM, B CO3JaHHON MOJENH HMCKIIOYEHA TNPsIMas KOHKYPEHIMS MEXKIy
KOHCYMEHTaMH 32 00BEKThI UTaHUs (0YepPEeAHOCTh MOTPEONECHHS UM B TEUCHHE KaXKIbIX
CYTOK), TIpH M30BITKE KOPMOBBIX OOBEKTOB XHIIIHUK PYKOBOZACTBYETCS B IEPBYIO OYepelh
BKYCOBBIMHU IIPEIIIOYTEHHSMH, TIPH HEJOCTaTKE KaKOTo-THOO W3 KOMIIOHEHTOB palloHa
Harpyska Inepepacipeaensercss Ha OpyrHe KOMIIOHEHTHl PallOHa MPOMOPLHOHATIBHO HX
YrCIeHHOCTH. IMEHHO C 3TUM MEeXaHM3MOM M3MEHEHHs pallOHa XHIHUKA CBS3aHa BBICO-
Kasi CKOPOCTb TIEPECTPOEK B CTPYKTYPE MOJIEITH.

OnucanHas MOZETh XapakTepu3yeTcs OJMHAKOBOW MaKCHMAaJIbHOW TOMCKOBOM ak-
TUBHOCTBIO BCEX 4YETHIPEX BUJIOB XUIIHUKOB MPHU IOUCKE KEPTBBI: KKIBIA IK3EMILISAP
XMIIHAKA 33 CyTKH MPOXOIMT (IPOILIBIBACT, aHATM3MPYeT) miomanas B 1 M°. B mpupone
YaCcTO OTMECYACTCA pasjinyHasA IMPOAYKTHUBHOCTL U INIOLIA[b ITOKCKa (HaHpI/IMep, OoXpaHsAac-
Masi TEPPUTOPHS Y HA3EMHBIX TTO3BOHOYHBIX )KUBOTHBIX) Y BUJIOB, HAXOSAIIUXCS HA OJTHOM
TpoduueckoM ypoBHe. J[aHHOE OTIMYHME OT eCTeCTBEHHBIX IKOCHCTEM B 3HAYMTEILHOU
CTETICHH OTIPEIETISIET CTPYKTYPY MOMAEIH.

s OonbIIMHCTBA KOHCOPLMM XapakTepHa MOJUTOHAIBHOCTh (MHOTOBEPIIMH-
HOCTh), TPUYEM HE BCE BEpIIMHBI PACHOJIOKEHBI Ha OJHOM TpPO(UIECKOM YypOBHE
(cwm. puc. 1). Buasr monmudarn odbecrieunBaroT 00beAMHEHNE TPODUIESCKHX TIeTel (KOTOphIe
MOXHO CYHTATh OTIEIBHBIMH TPOPHUECKUMH CETSMH) B €IHHYIO TPOPUUECKYIO CETh —
KoHcopuuio. Hannune Takux BHIOB B KOHCOPLMH Ja€T BO3MOKHOCTH YBEIHUYHTH MOTOK
BEIIIECTB, MPOXOIAIINX Yepe3 CUCTeMY, TIepepacpeeNIuTh Harpy3Ky MeXIy OTAETbHBIMU
y3J1aMH TPOPHUUECKOH CETH.
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3aBHCHMOCTBH CKOPOCTH Pa3MHOKEHHSI XHITHHKA OT €ro pa3MepoB

PaccmoTtpuM pyHKUMOHMpOBaHUE TPOGHUUECKONW CETH, COCTOSILEH M3 TPeX BUIOB
KOHCYMEHTOB IIEPBOrO IIOpsAKa (HadajabHas 4YHCICHHOCTh BHIOB E, F, (G paBHa
1000 5K3./M%) ¥ OHOTO KOHCYMEHTA BTOPOTO MOPsAKA (HauaibHAs YMCICHHOCTh BHAA B
paBra 100 5K3./M”), UHCIIEHHOCT BCEX OCTAIBHBIX BUIOB B TPODHUECKOI CETH IIPHHIMAEM
paBroii 0,0001 5k3./M°. [IpuMeM IIOZOBHTOCTD BCEX BUIOB KOHCYMEHTOB TIEPBOTO TIOPSII-
ka omuHakoBoi (0,05 3K3./cyTkH), BepxHH npeaen uuciaeHHoctd — 10 000 sk3., a moTpes-
JieHHe KOpMa — PaBHBIM TOJIOBUHE MAaccChl Tesa B cyTku. /[l Buga B mpumeM maccy mo-
enaeMoii muiny B cyTku paBHOW 10 % maccel Tena. OIpeaenuM ¢ UCTIONb30BaHUEM (PYHK-
yn «ITouck perieHusdy 3aBUCHMOCTD TOTJIONIEHHS KOpMa 32 €IHUILY BpeMeHH BHIa B oT
€ro TIOAOBUTOCTH, MPU KOTOPOH cuctema OyJeT cyniecTBoBaTh B TeueHrne 200 CyTok.

Cucrema octaercs ctabWIIbHON B MHTEpBaie Macchl Tena xumanka 3—18 mr (1,0-6,0
CpeIHEH MacChl Tela KEPTB) WK Npu WHTeHcHBHOCTH nutanwst 0,3—1,8 mr/cyTku (puc. 3).
[Ipu BBIXOZE 32 3TH Tpenenbl CUCTEMa pacmagaeTcs 3a 0ojee KOPOTKHE MPOMEKYTKH Bpe-
MEHH. 3aBUCHMOCTb TEMIIOB Pa3MHOXKEHHSI KOHCYMEHTa BTOPOrO MOPSAKa OT €ro pa3MepoB
B /IMANa30He yCTOHUMBOCTH CHCTEMBI — Jiorapupmudeckas. CKOpOCTh Pa3MHOKEHHS XHIL-
HHKa B YKa3aHHOM TpoMmexyTke cHikaercs ¢ 0,026 no 0,011 sx3./cyTku (uro B 2—4,5 paza
HIDKE CKOPOCTH Pa3MHOXKEHUS KEPTB).

0,100 -

UpesmepHOe pa3sMHOXKEHHE
KOHCYMEHTa BTOPOTO MOpsIKa

\¢

0,010 -

CKOpPOCTb Pa3MHOKEHHS, K3./CYTKH

HckitoueHne u3 CUCTeMbI

IIpenensl yCTOMYMBOCTH CHCTEMBI OZTHOT'O WJIM HECKOJIPKMX BUJIOB
KOHCYMEHTOB ITIEPBOT0O MOPSIKA

>
P>

0,001 T T T T T T T T T
00 02 04 06 08 1,0 1,2 1,4 1,6 L8 20 22 24 26 28 3,0

Macca KOpMa, moeaacMoro KOHCyMEHTOM BTOPOI'O IopsJiKa, MI‘/CyTKI/I

Puc. 3. 3aBucumocTh N0TpedIeHHsI KOPMA KOHCYMEHTOM BTOPOI0 NOPSAKA 0T CKOPOCTH
€ro pa3MHOKeHHsl /Il yCTOHYMBOrO CyIlleCTBOBAHHS MOJIeIUpyeMoii Tpouyeckoi ceTu

W3 pe3ynsTaToB MOJSTUPOBAHUS CIEAYET, YTO JUIA YCTOMYMBOTO (yHKIMOHHUPOBA-
HUSI TPOPHUECKON CEeTH pa3Mephbl XUIIHUKA HE JOJDKHBI OBITh MEHBIIMMH, YeM pa3Mephl
XKEpTBBl. B IIpOTUBHOM ciydae Ui coxpaHeHHs OanaHca B TPO(PUUECKOH CETH CKOPOCTb
Pa3MHOXCHUA XUIIHHUKA OOJDKHA AOCTUTATh OYCHbL BBICOKHX, (1)I/I3I/IOJIOFI/I‘ICCKI/I HC0ITyC-
TUMBIX 3HaueHuH. Vckmouenus, HaOmogaeMble B IPUPOJIE, KOTIa pa3Mephl XUIHUKA Ha-
MHOTO MEHBIIIE Pa3MEPOB JKEPTBbI, OTHOCSTCS JIMIIL K MapasuTH3MY («KOHCEPBHPOBAHMIO)
MHOTOJJHEBHBIX 3aI1aCOB UM, HEOOXOIMMBIX JUISl 3aBEPILCHUS Pa3BUTHS) U COLUATIBHOMY
00pa3y >KHM3HU (KOTJa O[Ha epTBa MOeqaeTCs] HECKOJBKUMH OCOOSMH XMIIHHKA; B 3TOM
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cllyyae MOJICITUPYEMOH eJIMHUIICH JONKHA SIBISITHCS KOJNOHHS, CEMbs WIIM CTasi XHIIHUKA,
KOTOpasi B 3TOM CITy4ae BBICTYIAET KaK €JMHBIN OPTaHU3M).

AHaJOTMUHbIEe OrpaHUYCHUS] HAKJIaIbIBACT M YBEJIMUCHHE Pa3MEPOB XHUIIHHKA IO
OTHOIIICHUIO K pa3MepaM >kepTB. Eciu pazMepbl XHUIIHUKA HAMHOTO TPEBBIIIAIOT Pa3Mephl
KEPTB, TO CKOPOCTh Pa3MHOXKEHHS €T0 TIOMYJISIIUU ISl CTAOMIBHOCTH TPOPHUECKOH CEeTH
JOJDKHA CTPEMHTBCSA K HYIIO (CHIDKAaeTCsl IUIOJOBUTOCTD, YBEIMYUBACTCS MPOIOIKUTEIb-
HOCTB KHM3HH).

Ha nanHOM mprMepe BUIIHO, YTO Ha YPOBHE COOOIMIECTB BHIOB 3HAYUTEIHLHYIO POIb
WTPaIOT OrpaHHYEHHsI, HajlaraeMple CHCTeMaMH 0oJiee BBICOKOTO YPOBHS: MEPBOOYCPETHBIM
SIBJISICTCSI COXPaHEHHE LENOCTHOCTH TPO(DHUECKON CETH, CBOWCTBA BUIIOB — AIIEMEHTOB TPO-
(hrdecKoit ceTH ONPEEIISFOTCS MX SKOJIOTMIecKor HutreH («mpodeccueli Biaa» B OHOIICHO3E).

Bropasi 3akOHOMEpHOCTb, WILTFOCTPUpYEMasi TaHHOW MOJETbI0, — C MEepexoJjoM Ha
OJIMH YPOBEHb BBEPX MO TPO(UUECKOi 1enu (ceTr) CKOpOCTh pasMHOXKEHHs A1 obecreye-
HUsI CTAOMIILHOCTH CHCTEMBI TOJDKHA TIOHMKAThCS B 2—5 pa3. B mpupoaHbIX cooOIecTBax
9TO 00eCNeYnBaeTCs OTHOBPEMEHHBIM MCIIONBE30BAHIEM HECKOJIBKHX MOIXO0JIOB!

— YMEHbBIICHUEM YAEIBHOH MII0JOBUTOCTH;

— YITMHEHHEM MPOIODKUTEIBHOCTH WHIMBUAYaTbHOTO PA3BUTHS;

— YBeJIHMYEHHEM CMEPTHOCTH Ha OTJENbHBIX ATAIlaX OHTOTeHe3a;

— «HaJACTpaWBaHHWEM» HAJ JaHHBIM DJIEMEHTOM TPOPHUYECKOW CETH CIEeIYIOIIEro
TPO(UUECKOTO YPOBHsI (B TOM YHCIIE ITapa3nuTa, 3a00JIeBaHN).

BiiusiHue pa3MepoB KOHKYPHPYIOLIUX BH/I0B
Ha MPOI0JLKUTEIbHOCTh CYLIeCTBOBAHMS CHCTEMbI

B mpupoze gacto Habmomar0TCsA CHTyaluy, KOTAa JBa POACTBEHHBIX BHIIA, TUTAO-
IIMECS CXOIHBIM PAIlMOHOM, OOHUTAIOT Ha OJHOM TeppuTopuu. B paboTax MHOTHX aBTOPOB
YKa3bIBaeTCsA, YTO Pa3MEPbl KOHKYPHPYIOIIHUX 32 OOBEKTHI MUTAHUS BUIOB JIOJDKHBI Pa3iiu-
gaThcs. B kadectBe mpuMepa M. buron ¢ coaBT. [4] mpUBOANUT pe3yibTaThl KOHKYPEHITHH
MEXIY HECKOJIBKMMH BHIaMH MYPaBbEB, Pa3Mephbl Tela KOTOPHIX YMEHBIIIAIOTCS TPH Ha-
JIMYUM KPYITHOTO KOHKYPEHTA, VI YBEIMUYMBAIOTCS IIPU COBMECTHOM OOMTAHUH C MEITKUMH
Buamu. [lombITaeMcst MPOBEPHUTH TAHHYIO 3aBUCUMOCTD C TIOMOIIIBIO OMTHCAHHOW MOJIEIH.

BribepemM onTUMaNBHBIA peKuM (YHKITMOHUPOBAHHS TpoHueckor ceTH, n300pa-
JKCHHOM Ha pUC. 3: XapakTepuCTHKH BUIOB F, F' u G kak B npeabinynieM npumepe. buo-
Macca norysiin Buga B — 1000 mr (10 mr x 100 3x3.) — cootBercTByeT 1,0 MI/cyTKH mM0-
TpeOsieMoro KopMma Tpu cKopocTr pasMHoxkeHus 0,0159 sk3./cytkm. PaccMoTpum Bimus-
HUE JIOTIOJIHUTENFHO MOMEIICHHOTO B cucTemy Buna C (kommdectBo 100 9K3.) Ha BpeMs
CYIIICCTBOBAHUS CUCTEMBI.

Omnpenenum BpeMsi CYIIECTBOBAHHS CUCTEMBI KaK MEpHO]] BpEMEHH, KOT/Ia BCE BUJIBI,
BXOJISIIIIAE B €€ COCTaB, MMEIOT YHCICHHOCTh, OTIIMYHYIO OT HyJs. B 3aBUCHMOCTH OT CKO-
poctu motpebnenus kopma BuoM C MPH CKOPOCTU Pa3MHOXKEHHSI U OTHOLICHUU MAacChI
MIUIIY K Macce TeJla TaKoH ke, Kak y BUJa B (Tak Kak BUIBI POJCTBEHHBIE), IEPUO]] CYIIe-
CTBOBaHHMS CHCTEMbI YMEHBINIAETCS B J[Ba Pa3a MPH Macce BHIA-KOHKYPEHTa, paBHOH 75 %
Macchl Tena Bua B (puc. 4).

Macca tena Buga C, menpiias 30 % macchl Tena Buaa B, HE CKa3bIBaeTCsl Ha MOpo-
JIOJDKUTEITBHOCTH CYIIECTBOBaHMS cucTeMbl. [Ipn m3menennn maccel Buja C B IuamazoHe
30-60 % wmaccel Tena Buga B HabiroqaeTcs JIMHEHHOE yMEHbIIEHHE TPOJOILKATEIBHOCTH
CYIIIECTBOBaHMsI CHCTeMbI Ha 50 CyTOK, CBSI3aHHOE C MCUYC3HOBEHUEM BHUna F. B nuamasone
60—80 % maccel Buaa C oT Bufa B Bpemsi CyLIECTBOBAaHUS CUCTEMBI PE3KO COKPAIIAETCs CO
148 mo 85 nmeii. JlanpHeliee yBemudeHne pazMepoB Tena Buna C He MPUBOANT K 3HAUH-
TEJILHOMY CHHIKCHUIO TIPOJIOJDKUTEIBHOCTH CYIIECTBOBAHUS CUCTEMBI.
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OTHOIIICHHE MacChI Tella BHIa C k Macce Tena Buga B
Puc. 4. Biusinue pa3MepoB XHIIHUKA-KOHKYpeHTa (BiJ C) Ha BpeMsl CYIIECTBOBAHHUS CHCTEMBI

Takum 00pazom, 1o0aBIeHNE B TPOYUIECKYIO CETh 300(hara, MUTAIOIIETOCS TEMH JKE
BUJIAMH, YTO ¥ KOPCHHOMW, HE TIPUBOJUT K JECTAOMIIU3AIMN CUCTEMBI, €CIT Macca Tela BU-
na-BceneHna 3HaunTensHo MeHbine (10-50 %) pasmepoB KOpeHHOTO BHIa. MonenmpoBa-
HUE TTOATBEPIMIIO HAOIIOCHHS APYTUX aBTOPOB, OJHAKO CIEAYET YUECTh, YTO PE3YIbTATHI
BCEJICHHS HOBOTO BHJIa B OKOCHUCTEMBI B 3HAYUTEIILHON CTEIICHH ONPEICIIAIOTCS ASCATKAMU
XapaKTEPUCTHK, TIOATOMY JUTS KOKIOH KOHKPETHON CUTyallud HEOOXOMMBI CBOH MapameT-
PBI MOJICTIH.

Bausinue YBCIMYCHUSA KOJINYECTBA TpO(l)I/I'{eCKI/IX ypOBHeﬁ
Ha MPOAYKTUBHOCTDb 3KOCUCTEMbI

[lo naGmomeHHMsM B €CTECTBEHHBIX cooOiiecTBax [12], yBenuueHHe KOJIMYECTBa
Tpo(uuecKux ypoBHEW B 3KOCHCTEME CHM)KAET MHTEHCHBHOCTH IIOTOKA DHEPIUH, TPaHC-
¢dbopmupyemoro cucremoid. [Ipoananuzupyem, Tak Ju 3TO, HCTIONB3YS CO3JAHHYIO MOJIENb.

B kauecTBe TecOBBIX XapaKTepUCTUK (QyHKIHoHUpoBaHus 3kocuctembl U. 1. 'epa-
cumoBbM, 1O. A. VcakoBem u [l. B. IlandunosemM [8] npemiokeHsl 00beM TIEpBUYHON
(P;) n BTOpHUHOH (P,) mpoaykiu, ux oTHommeHue (P;/P,), oTpaxaroiee cOaaHCHpPOBaH-
HOCTh KpyroobopoTa, M Jpyrue XapakrepucTuku. llpu ananmze (pyHKIMOHHUPOBAHUS TPO-
¢uueckoii ceTr HanbomblIee 3HAUCHUE UMEET BTOPUYHAS TPOAYKIIHS.

Paccmorpum dyHKIMOHMpOBaHHE TPOMHUYECKON CETH, coleprkaliell ABa M TpU TPO-
(puueckux ypoBHs (puc. 5). Beroepem pexum, onTUMANBHBIA 17151 PYHKIIMOHUPOBAHUS JIBYX-
YPOBHEBOH TpOoQUUECcKOi CeTH, U A00aBUM B TPOPHUUECKYIO CETh OAWH BHI KOHCYMEHTa
TpeTsero nopsaaxa. [Ipocnenum BiInsSHNE YUCIEHHOCTH U TEMIIOB Pa3MHOMKEHUsI 3TOr0 BHIA
Ha BTOPUYIHYIO IPOYKTUBHOCTE M BPEMSI CYITIECTBOBAHUS CUCTEMBI (Ta0II. 2, puc. 6).

IlepBblif MUK BTOPUYHON MPOIYKTHBHOCTH KOHCYMEHTOB IIEpBOro mopsaka (puc. 6)
CBSI3aH C POCTOM YHCJIEHHOCTH BHJA F, BTOpoi — ¢ pasMHOXKeHHEM Buaa G. OHaKo 3Kc-
[IOHEHIMANBHBIN POCT NOTPEeOICHNST KOPMa KOHCYMEHTaMU BTOPOT'O MOPSIIKa BEIET K CHU-
YKEHHUIO OOIIel MPOIyKTUBHOCTH CHUCTEMBI, HCUe3HOBeHHIO Buaa E Ha 201-e CyTku u TOJI-
HOMY YHHYTOKEHHIO TPEX BUIOB KOHCYMEHTOB IEPBOT0 MOpsaKa Ha 221-e CyTKH CyIIecT-
BOBAHHS CHCTEMBI.
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Puc. 5. CxemaTnueckoe n300pakeHue Mo/e/14 IBYXyPOBHeBOIi
U TPeXypOBHeBO# TpPopuUIeCKHUx ceTeit

Tabnuya 2
BiiusiHue YHCIEHHOCTH U TEMIIOB PA3MHOKEHHs KOHCYMEHTA TPeThero Nopsiika
HA OCHOBHBIE XaPaKTEPHCTHKH TPOPUIECKOH ceTH

Bun Bropuunas
e Xapaictepicriia A B C E F G HpOZ[yIE)TI/IBHOCTL
buomacca, Mr - 10 4 4 3 2 JIByXBOIHOBas JUHAMU-
[MoTtpebieHne KopMa, MI/CyTKA — 2,0 | 040 | 2,0 1,5 1,0 | xa (puc. 6). CymmapHas
HauaibHasi YHCICHHOCTD, 9K3./M° |  — 5 10 100 100 100 | BTOpHUYHAs NPOAYKTHB-
1 [nonoButocTs, 3K3./cyTKH Ha HOCTb BHJIOB

- |0.0297/0,014310,06000,07500.0500 1 ' odreckoro

ypoBHs — 148,7, 2-ro
yposHsi — 15,5 T/’
buomacca, mr 21 10 4 4 3 2 JIByXBOJIHOBasI TMHAMU-
[MoTtpebiieHne KopMa, MI/CyTKU 3,0 2,0 | 040 | 2,0 1,5 1,0 | xa (puc. 7). CymmapHas
HauasbHas YHCICHHOCTD, 9K3./M 1 15,651 12,20 | 100 100 100 | BTOpHUYHAs NPOAYKTHUB-

I1100BUTOCT, 3K3./CYTKU Ha HOCTH BHIIOB
2 >
OIIHH POHTENLCKHIE SKIEMILTAD 0,0100{0,0297{0,0143|0,0600{0,0750{0,0500 1-ro TpodHteckoro

ypoBHs — 81,5, 2-ro
Bepxnnii npenen uncnennoctr | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 ypoBHsi — 6,5,
3-ro ypoBHs — 0,13 /v’

OJIMH POAUTENBCKHHN IK3EMILISIP

BepxHuuii npeznen 4uCcIeHHOCTH — {10000 | 10000 | 10000 | 10000 | 10000

Jlo6aBuM B TpodudecKyio ceth 1 3K3./M° BHIa A CO CKOPOCTHIO PA3MHOKCHHUS B JBA
pasa Gonee Hu3ko, 4yeM y BuaoB B u C (cM. Tabn. 2). He u3MeHsss mapaMeTpoB AJIs BCeX
BUIOB, BXOISIINX B TPO(PUIECKYIO CETh, M300paKEHHYIO Ha pHUC. 6, ONPEIEINM ONTHMATb-
HYI0 HadalbHYIO0 YHCIEHHOCTh BUAOB B n C, mpu KOTOpBIX cucteMa OyZeT CyIIecTBOBaTh
MaKCHMaJIbHBIA OTpe30K BpeMeHH. [lomyueHHOe peleHne CBUAETEIbCTBYET O PE3KOM YKO-
POYECHHHU TIPOJODKUTEINBHOCTH CYIECTBOBaHUS Tpodudeckoit cetn (mo 49 cyTok, Korja
ncyezaer Bua E). [IpoayKTHBHOCTE Tpodudeckoi cetu cHmkaercs B 1,86 pasa, mpudem
MPOIYKTUBHOCTH MEPBOTO TPOPHUECKOTO YpOoBHs cHMKaercs (B 1,82 paza) crmabee, ueM y
BTOpoOro (B 2,37 paza).

Takum 00pa3zoM, yBeTHUEHHE KOIMYECTBA YPOBHEUW B TPO(MUUICCKOW CETH CHUKAET
MMOTOK SHEPruM, MPOXOASIIMIA Yepe3 Hee, YTO MOATBEPKIACT HAOIIOACHUS B MPHPOIHBIX
YCIIOBHSX.

[Ipu yBennyeHUN CKOPOCTH Pa3MHOXKEHHS BHJIA, HAXOISINETrOoCs Ha BEpIIMHE TPO-
(uaeckoit ceT, BpeMs KU3HH CHCTEMbI SKCTIOHEHITHATIFHO yMeHbIaeTcsa. CTabniIbHO MO-
KET CYIECTBOBaTh CHCTEMa, B KOTOPOH CKOPOCTb PasMHOXKEHHMsSI BHJIA, HAXOSIIETOCs Ha
BEpIINHE TPOYUIESCKON CETH, CTPEMHUTCSI K HYJIFO.
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Bpewms cymectBoBaHus TPOYHIECKOH CETH, CYTKH

—o— BropuyHast npoaykuus 2-ro Tpogpudeckoro yposHs (Buasl B, C)
—— Bropuunast npoayknus 1-ro tpogudeckoro yposas (Buasl E, F, G)

Puc. 6. IlunamMuka co3iaHisi BTOPUYHOM NMPOAYKIUHA B TPO(HUIECKOii ceTH,
COCTOsILIEH U3 NATH BUAOB IPH ONTHMAJILHBIX HAYAJILHBIX IIapaMeTpax

1000 -

800 -

600 -

400

200 -

BropuuHas npoayKIius, r/CyTKI

0 I L L L L L L L L L D L e e e e |
1 21 41 61 81 101 121 141 161 181 201 221 241

Bpewmst cymecTBoBaHNS TPOGHUIECKON CETH, CyTKH
—— BropuuHas npoaykiws 2-ro Tpodudeckoro yposHs (Bupl B, C)
—— Bropuanas npoaykims 1-ro Tpodudeckoro yposas (Bumsl E, F, G)

Puc. 7. luHaMuKka co31aHAsi BTOPHYHOM NMPOAYKIUH B TPO(HIECKOI ceTH,
COCTOsILIEH U3 IIeCTH BUIOB NIPU ONTHMAJIBHBIX HAYAIBHBIX IAPAMeTPax

C yBenm4eHNeM KOIWYeCTBa YPOBHEH B TpO(UIECKON ceTn OMomMacca M MpOILyKTHB-
HOCTh BHUJIOB, HaXOISIIUXCSI HA MIPOMEXYTOUHBIX YPOBHSIX, JUIsl 0OecreueHns: CTabuIIbHO-
CTH CHCTEMBI JOJKHBI BO3pACTATh.

Biausinue 0momaccbl KOHCYMEHTOB BTOPOI0 OPSAAKA
HA BTOPUYHYIO POAYKTHBHOCTh KOHCYMEHTOB MEPBOI0 NMOPSAAKA

MOHO TPennoiIoKnuTh, YTO TPYU HAOMIOACHUSAX B TEYEHHE JUIMTEIHFHOTO TEepPHOna
JIMHENHOE YBEIWYEHHE MAacChl KOHCYMEHTOB BTOPOTO MOpSAKa JOHKHO MPUBOAMUTH K JIH-
HEITHOMY YMEHBIIEHUIO BTOPUYHON MPOTYKTHBHOCTH KOHCYMEHTOB IIEPBOTO MOpsKa.

Jl1st IpoBEpKH 3TOro Te3uca pacCMOTPUM CHCTEMY, M300pa’KeHHYIO Ha puc. 6, 1o-
MIOJHUB €€ IBYMS BHJaMHU: KOHCYMEHTOM IepBoro (Bun /) u BToporo (Bux D) mopska
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(puc. 8). INapametpsl Buma D (cM. TaOl. 2) BeIOEpeM TakuMH ke, Kak mis Buma C (3a wc-
KITIOYEHHEM THIIEBHIX MPEANOYTEHU — puc. 2).

JluneiiHoe yBenmuueHHWe OMOMAcChl M MPOAYKTHBHOCTH KOHCYMEHTOB BTOPOTO MO-
pSKa BBI3BIBAET CTPYKTYpPHBIE TEPECTPOHKH B (PYHKIIMOHMPOBAHWH TPODUIECKONW CETH
(cm. puc. 8). Ipu uncnenHocTy Buaa D paBHoit 26,7 u 35,7 3K3./M” HAGIFOIAETCS TIOCIIENO-
BaTeIbHOE HMCYE3HOBEHHE COOTBETCTBEHHO BHIOB G u H panee uem 3a 200 CyTOK, 4TO
CHJIFHO BJIMSET HA BTOPUYHYIO MPOJYKTUBHOCTH CHUCTEMBI. [Ipy M3MEHEeHWH YMCIICHHOCTH
Brna D B 3HAUMTENbHBIX mpenenax (ot 0 mo 22 u ot 28 10 34 9K3./M°) HabmomaeTCs He-
OoJpllIoe YBETMYEHHE BTOPHMYHOM TPOAYKTHBHOCTH, CBSI3aHHOE C Mepepacrpe/ieliecHueM
TPOPHUECKON HArPy3KH MEXAYy KOHCYMEHTAMH BTOPOTO IMOPS/KA M HAIMYHAEM BEPXHETO
pejieTia UX YUCIIEHHOCTH.

165

Ucuesnosenne Buna G
160 §

155 +

WcuesnoBenne Buga H
150 -

145

140 — |

135

CymMapHasi BTOpHYHAst IPOYKTHBHOCTH 3a 200 CYTOK, I/M°

15 T T T T T T T
25 30 35 40

0 5 10 15 2
—— BropuuHas npoxykuus 2-ro Tpopudsckoro yposHs (Buzst B, C, D) 5
HauanbHas ynclieHHOCTh BHIa D, 9K3/M

=O—Bropuunas npoaykuus 1-ro Tpoduanckoro yposus (uael E, F, G, H)

Puc. 8. Bausinne HayaIbHOM YHCI€HHOCTH Buaa D
HA BTOPHYHYIO NPOAYKTHBHOCTH TPOGHIECKOH ceTH

Takum 00pazoMm, THHEHHOE W3MEHEHUE OTIENBHBIX MapaMeTpoB TPOGUUECKON CETH
CrocoOHO BBI3BaTh €€ 3HAYHWTENBHBIC CTPYKTYpPHBIC IepecTpoiiku. ['mmoTe3a o IMHEHHOM
YMEHBIICHUH BTOPHYHON MPOJYKTHBHOCTH KOHCYMEHTOB IMEPBOTO TPOPHUYECKOTO YPOBHS
ceOs1 He onpaBiana. PaccMoTpeHHass MOJIeNIb WILTFOCTPUPYET JISHCTBUE HA YPOBHE OMOJIO-
THYECKOTO COOOMIECTBA MPHUHIIHIA THATIEKTHKH O TIEpexo/ie KOJIMIECTBa B KA4eCTBO.

Hcnonb3oBanue PE3YJIbTATOB MOACIUPOBAHUSA B OMOJIOTHYECKHUX HCCJIEIOBAHUSIX

B pesynprare MomenwpoBaHUS TOATBEPKICHBI YCTAHOBJICHHBIC HAONIOJCHUSIMH B
MIPUPOTHBIX YCIOBHSIX W BBISABJICHBI HOBBIE 3aKOHOMEPHOCTH (YHKITHOHHUPOBAHHS TPOQH-
YECKHX CeTel.

1. Jlns obecriedeHus: CTaOMIBHOCTH CTPYKTYPHI TPOMUIECKOW CETH pa3Mephbl XHIII-
HUKa JIOJDKHBI OBITh COM3MEPHMBI C Pa3MepaMH )KEePTBBL. Y MEHBIIIEHHE Pa3MePOB XHIITHAKA
JIOJDKHO OBITH CBSI3aHO C YBEITMUEHHEM CKOPOCTH €r0 pa3MHOKEHUs. 3HAYUTENbHO OO0Jb-
M€ pa3Mephl XUIMHUKA MO0 CPAaBHEHUIO C pa3MepaMHM >KEPTBHI CBSI3aHBI C PE3KUM YMEHb-
HICHUEM CKOPOCTH €TO Pa3MHOKECHUS.

2. Ilpu nepexone BBEPX MO YPOBHSAM TPO(MUUECKOW CETH CKOPOCTh Pa3MHOXKCHUS
YMEHBIIIAETCSI, CTPEMSCH K HYJIIO Ha BEPIIMHE TPO(YUIECKON CETH.
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3. C yBenuueHHeM KOJMYECTBAa YPOBHEH B TpoUdeckoi ceTu OmoMacca BHIOB, Ha-
XOZSIITIXCS HA POMEKYTOYHBIX YPOBHSIX, BO3PACTAET.

4. JloGaBneHre B SKOCUCTEMY BHJIa XUIITHUKA, POJICTBEHHOTO BUITY, V)K€ BXOASAIIEMY
B €€ COCTaB, He TPUBOJMT K JAECTAOMITH3AINN TPOPHUECKOI CeTH, eCII Macca Tella KOpeH-
HOTO BHUA B 2—3 1 OoJjiee pa3 MpeBbIIIaeT MacCy Telia BCENISHIIa.

5. MOHOTOHHBIE W3MEHEHHS OT/IENTBHBIX MapaMeTPOB TPODUUECKOM CETH MPUBOAAT K
CTYNEHYATHIM M3MEHECHUSAM JIPYTUX MapaMmeTpoB cucteMbl. C YBEIIMUCHUEM CII0KHOCTH CHUC-
TEMBI BO3pAcTacT 3HAYCHUE PUHIIUIIA TUATICKTUKY O MEPEX0/Ie KOJIMYECTBA B KAUECTRO.

6. [lomuroHanbHOCTH (MHOTOBEPIIMHHOCTh), XapaKTEepHas Ui OOJNBIIMHCTBA TPO-
(udeckux cetrel B mpupoe, odecreunBaeTcs IPUCYTCTBUEM B cucTeMe noiudaros. Hamm-
Yhe TaKWX BHUIIOB B KOHCOPITMH NAeT BO3MOXKHOCTH IEPEpacIpeiessITh HArPy3KH MEXIY
OTACIBHBIMU Y3JIaMU TPO(YUUECKON CETH, YBEIMYMBACT YCTOMUMBOCTD CHCTEMBI.

7. CymiecTByeT HECKONBKO aJbTEPHATHBHBIX CTAIIMOHAPHBIX COCTOSIHUN TpOgude-
CKOM CeTH, MpHU KOTOPHIX OHA CIOCOOHA CYIIECTBOBATH JJIUTENBHBIA OTPE30K BPEMEHM.
[Ipn OTKIOHEHWH OXHOTO W3 MapaMeTPOB OT ONTHUMAJIBLHOTO YPOBHS BKIIIOYAIOTCS MeXa-
HU3MBI, IPUBOASAIINE K N3MEHEHUIO IPYTHX MapameTpoB TPO(YUIECKOW CETH M CKadK000-
pa3sHOMY HepexO0/y CHCTEMBI B APYTOE CTAIIMOHAPHOE COCTOSHHE.

8. C yBennyeHHeM KOJIWYECTBA CBS3EH B CHCTEME MPOJODKUTEINBHOCT €€ CYIIecT-
BOBAHUS YBEIIMINBACTCS.

9. Ilpu cTaOMIIFHBIX BHEITHUX YCIOBUSAX BPEMs CYIIECTBOBAHHUS TPO(GUIECKON CETH
MEHBIIIE TPOJIOKUTEIBHOCTU €€ CYIIECTBOBAHUS B YCJIOBHSX WU3MCHSIONMXCS (DaKTOPOB
OKpY’Karolieh cpeibl. DTO CBA3aHO C Pa3IMYHON HANpPaBICHHOCTHIO BO3ACHCTBUS (pakTo-
POB Ha OTIEIBbHBIC BU/IBI — KOMIIOHEHTHI TPO(UIECKON CETH.

10. Bo3HHKHOBEHHUE KH3HEHHBIX IMKIIOB, B KOTOPBIX TPeOOBaHUS BHIA K (pakTopam
Cpezlbl Ha OTHENIbHBIX ATalax MHAWBUAYAILHOTO PAa3BUTUS Pa3JIMYHBI, SBISACTCS MPHUCIIO-
coOJieHreM K U3MEHEHHsSIM (DYHKIIMOHUPOBAHUS CHCTEMbI 00Jie€ BBHICOKOTO YPOBHS — TPO-
¢ryeckoli ceTu.

NMuTarnmonHOe MOJENTMPOBaHUE B3aMMOICUCTBUI BHIIOB B TPOMUIECKUX CETAX IM0-
3BOJISIET JIyHIlle MTOHATh 3aKOHOMEPHOCTH (DOPMHUPOBAHUS MPUPOIAHBIX OMOJIOTHIECKUX CO-
obmiecTB. B Momeny npoaHaM3upOBaHO COOOIIECTBO, B KOTOPOM PETYIHPYIOMUMHI (Dak-
TOpaMH SIBIISIFOTCS YMCJICHHOCTh KOPMOBBIX OOBEKTOB M BO3JIEHCTBHE XUIIHUKOB. B mpu-
POIHBIX YCIOBUSAX KPOME CTPYKTYPHBIX XapaKTEPHCTHK TPOPHUYECKOH CETH Ha BCE BHIBI
OKa3bIBAIOT BO3JICUCTBHSA JIECATKH BHEITHUX (DaKTOPOB, MPHUYEM HX BIHSHHE HA KOKIBIN U3
KOMITOHEHTOB CHCTEMBI pa3InyHo. JlanpHeiilee yCoBEpIICHCTBOBAHHE METOAUKH MOJICIH-
POBaHUS TIO3BOJIUT OIPEIETATh 3HAYSHHUE ISl SKOCUCTEMBI OTAENBHBIX (DaKTOPOB CpeIbl U
B TIEPCIICKTUBE, BEPOSATHO, CO3/IaBaTh U ONTUMHU3UPOBATH COOOIIIECTBA YKUBBIX OPraHU3MOB
B UCKYCCTBEHHBIX yCIOBHSIX.
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YK 631.4:577.4
B. H. Bepemees
Tomenvckuii cocyoapcmeennywiil ynusepcumem um. @. Cxopumvl

3KOJIOTTYECKAS MOJEJb U3MEHEHUI
KOMILJIEKCOB IOUYBEHHOM ME30O®AYHBI
JIECHBIX 9KOCUCTEM B YCJIOBUAX HEJOCTATKA BJIAI'K

Hageneni nopiBHsIbHI AaHi PO BUAOBUI CKJIAJ i AKiCHI XapaKTepHCTUKH IPYHTOBOI Me30ogayHu
cocHsika 4opHUYHOro (Pinetum myrtillosum) ta aiopoBu kponusHoi (Quercetum urticosum) B ymMoBax jae-
¢inuTy Boslorn. BeTaHoB/IeHO, 0 MaKCHMAJILHEe CKOPOYCHHSI BHIOBOTO Pi3HOMAHITTS, YHCEeJbHOCTI Ta
Oiomacu 0e3xpedeTHHX CIIOCTePiracTbes B Ai0PoOBi.

Comparative data on the species composition and quantitative characteristic of soil mesofauna of
Pinetum myrtillosum and Quercetum urticosum under condition of moisure deficiency are presented. The
sharp reduction of species diversity, invertebrates’ number and biomass under condition of moisure defi-
ciency is observed. It is particularly manifested in the oak woods.

HatypHoe 3x010ru4eckoe MoeTHPOBAHUE
KAK MeTOJ IPOrHO3MPOBAHUS M3MEHEHN i 0YBeHHO Me30(gayHbI

B xozne anTponoreHHoi TpaHchopmaimy JaHAMA(TOB, OOMIMPHONW OCYIINTEIBHOMN
Mmenuopanuu Ilonecks, U3MEHEHHsT KiuMara, OONBIION MHTEPEC MPEACTABIAET OCYILECTB-
JIEHHE SKOJIOTHYECKOT0 MOJIENMPOBAHUS M3MEHEHHH JIECHBIX 3001I€HO30B, BKJIIOUAs KOM-
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