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PenakumoHnHas cTatbs

AECHTDb AET 2KU3HU KYPHAAA .BUOCPEPA
B YCAOBULAX POCTA 3ATPA3HEHHOCTU
MHPOPMAILIMOHHOW CPEABI

B mocnennem HOMepe IOOMIIGHHOrO JIECSTOTO TOMa
)kypHana «brocdepay yMECTHO ITOABECTH UTOTH €rO Jie-
CSITUJIETHETO CYIIECTBOBAHUSI.

Haunewm c¢ konna. B pegakimoHHOM cTaThe K MocieIHe-
MY HOMepy FOJUYHON JaBHOCTH [2] OTMEYEHO KaTacTpo-
(rueckoe nmazeHre KauecTBa PyKOMHUCEH, MOCTYHAIOITHX
B JKYpHaJ, HO 00CIIaHO HE CHIKATh IJIAHKY JIOITyCKa K
rneyaTy HECMOTPSI HU Ha 4To. «Jlemail, 4To AOJIKHO, U
Oyap uTo OyneT». Bot u copltoch, uTo cObuTOCH. TeHeH-
uus 2017 r. npoaoskuiack, U B 2018 1. mpu3HaHBI HErOJ1-
HBIMH 50% 1 OoJiee TOCTYILICHUH K IEPBOMY, BTOPOMY H
TpeTbeMy HoMepaM. M3 1ByX IeCSITKOB pyKOIMCEH, HaKO-
MMUBIIUXCS K YeTBEPTOMY HOMEDPY, 110 Iy OTHKAIITH MOKHO
Ob110 ToBecTH JiBe. OTCIO/IA 1 3a1103/1aJIBIH BBIXO/1 HOMEpa
B IevaThb. [[Ba necsiTka — 3To He CUUTas 3alPOCOB «CKOJIb-
KO CTOUT ITyOJIUKAIHs U KaK ObICTPO OyJIeT ormyOIuKoBa-
Ha»? Yucino Takux 3alpocoB BO3pacTaeT K KOHILY roja,
KOIJIa BCE, KTO «YUCTHT ceOsi»' mox MuHoOpHayku u PAH,
HA4YMHAIOT 331y MBIBATHCS 00 OTYETHOCTH 110 CTATHSIM. ¥Y3-
HaB, YTO IUIATY C aBTOPOB XypHal «brnocdepa» neHpramu
He OepeT, HO MOTPaTUTh HaJ0 OyAeT BpEeMsl U CHIIBI IS
JIOBEJICHUSI PYKOITUCH JTO COOTBETCTBHS TpeOOBaHUM [2],
aBTOPHI 3aIIPOCOB HHTEPEC K KYPHAILY TEPSIOT.

C y4eToM TOro, 4To 3a JEHBI'U ceifyac BCe paBHO MOXK-
HO OIyOJIMKOBATh YTO YrogHo (cM. puc. 1), moirydaercs,
YTO Y HAIlINX «HAYYHBIX PAOOTHHUKOBY» JICHBI'H BPOJIC KaK
€CTbh, TOJIBKO BOT BpeMeHH HeT. Ha uTo Toraa oHo yXonur,
€CIIM pe3ysbTaThl paboThl U UX 0(OpPMIICHUE CIUIONIb U
PSAOM He BhIJIep>kuBatoT kputuku? [lpu aTom Haj0 3ame-
THUTh, 4TO B ipaBuiiax «buochepbn’ HeT HUYETO U3 psiaa
BOH BbIXOJsiliero. OHU OCHOBAHBI HA MEX 1Yy HapOIHBIX
cTaHmapTax JJs HAYYHBIX MyOJUKAIUi B COYCTAHUH C
OoJlee YeM TOJEPaHTHBIM OTHOIIEHHEM K TEXHHUYECKHM
cropoHaMm oopmieHus pykonuceil. Ho Oynb oHO He Ta-
KHM, a UHBIM, KaKO€ MIPUHSITO Y «BEIYIIUX MEXKAYHAPO/I-
HBIX UHJAEKCUPOBAHHBIX», MAJIO KTO U3 aBTOPOB MpOIIET
OBI CBOIO YAaCTh MYyTH J0 ITyOIUKAIUK CBOCH paOOTHI.

TaxoB utor. Tenepsr TOCMOTPUM, KaK K HEMY MPHUILIH
U KyJla UATH Jajibliie.

Wznanue xypHana «buocdepar, 3aaymaHHoe 110 uaee
npod. 3.1. CrnensiHa, KOTOPBIM U CTaJI €ro INIaBHBIM pe-
JIaKTOpOM, ObLI0O HauaTo DOHIOM Hay4dHBIX HCCIIEIO-

U« cebs mona JleHnHBIM qUILy, 9TOOBI IUIBITH B PEBOJIIONUIO JAJIBIIE) .

B. MasxoBckuii.
2 Cw. caiit xypHauna: http://21bs.ru.

MexancuMnnuHapHbIiA HayYHbIA.M.NPUKNAaHONM. XypHan «buocgepa» 2018, 1. 10, N

BaHui «XXI Bex» B 2009 r. B Te BpeMeHa OTKPBITHIN
JIOCTYT K Hay YHBIM ITy OJTUKAIMSIM CUMUTAJICS SKCIICHTPHY-
HBIM 3KcriepuMeHTOM, Scopus U Web of Science — ym00-
HBIMH, XOTS ¥ HE O0IIEeJOCTYTHBIMHU CPEJICTBAaMU IIONCKa
HYKHBIX CTaTeil, a 000IOHO CJICIIOe PElCH3UPOBAHUE —
onacHoi (hopMOl HEYBa)KEHHUS K aBTOPUTETAM.

Wnero co3nars eanHyo HHPOPMAITMOHHYIO IIATHOPMY
JUISL CHICIIMAJIMCTOB B CAMBIX Pa3HbIX aCIIeKTax OOIIero JIst
BCEX JIeN1a 110 U3YUEHHIO U OXpaHe OKPYIKAIOIIEH cpeabl —
OT €CTECTBEHHBIX JI0 TYMaHUTApHBIX HAYK U OT caMOH a0-
CTPAKTHOM TEOPUU JI0 CAMOM KOHKPETHON MPaKTUKU [4,
5] —nopzepkany CBOMM COTJIACHEM BOWTH B PEAKOIIIICTHIO
«buocheps» KpynHeHINe y4eHble, B TOM YHCIIE aKaJIeMHU-
ku PAH u pykoBoauTeNn BEIyIIUX HHCTUTYTOB (pHC. 2).

ITepBbie nBa HOMepa «buocdepb» BBIIIIN B KOHIE
2009 r. B 2012 r. )xypnan 6611 BKiIto4eH B «llepedyens pe-
LICH3UPYEMBIX HAay4YHBIX W3AaHUN, B KOTOPBIX JOJKHBI
OBITH OIyOJIMKOBaHBI OCHOBHBIC HAYYHBIC PE3YJIbTaThI
JIUCCepTaluii Ha COMCKaHWEe yYeHOW CTENeHM KaHJuJa-
Ta HayK, Ha COMCKaHWE YUYCHOW CTENEHU JIOKTOPa HAYK»
(«Cricoxk BAK»)®* 1 ocTaeTcsi B HeM 1O Ceil ACHb MOCIe
Bcex rnepecMoTpoB. O TuHAMUKE Ky pHaJla MOKHO CYAUTh
T10 pEHTHHTY, OCHOBAaHHOMY Ha HHTET'PAJILHOM ITOKa3aTesie
Science Index B eLibrary* st u3nanuii mo reMaTuke «JKo-
JIOTHUSI YeJIOBEKa, OXpaHa OKpYy>Karollei cpenbn (puc. 3).

Kak BuaHO, HauaB ¢ npeamnociaeaHero u3 38 MecT B
2010 r., :xypHai 3a aBa roga noassuics g0 10-ro u3 48 u
Jlajiee OCTaBaJics IPUMEPHO Ha 3TOM yPOBHE, TOOBIBAB Ha
4-m mecte B 2014 1. (puc. 3).

B tom xe 2012 1., korna xxypHan «buocdepa» BbImen
Ha CBOH ypPOBEHb, MPOU30IIIIO 3HAKOBOE JIJIsI POCCUUCKON
HayKH W Hay4YHOU MEepuoauKu codbiTHe. bput omy0iauko-
BaH Yka3 [Ipesunenta Poccuiickoit denepanuu ot 7 mad
2012 1. Ne 599 «O Mepax 1o peanu3zaiiu rocygapcTBEH-
HOM MOJINTHKH B 00JiacTh 0Opa3oBaHus 1 HayKn». B Yka-
3¢ OBLJIO MPEeyCMOTPEHO «yBenndeHue k 2015 romy gonu
MyOJIMKalil POCCUIICKUX HMCCIIeoBaTele B 00IeM Ko-
JInYecTBe MyOauKauidi B MUPOBBIX HAYYHBIX XXypHaIax,
WHJIeKcUpyeMbIX B 0ase nanubix “Cerb Hayku” (WEB of
Science), 710 2,44 npouenta»’. [IpuMeyaTeIbHBI KaK TOY-

3 CM. KOMMEHTapuu Ha 3Ty Temy B u3naBaemoM OHU «XXI Bek» xyp-

Hase «Mamuasl 1 Mexann3MeDy: http://21mm.ru/news/nauka/chto-takoe-
spisokvak-/

4 https://elibrary.ru/titles_compare.asp

5 https://rg.ru/2012/05/09/nauka-dok.html
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HOCTbH ILIeJIETIONaranus, Tak ¥ caMa Iejib. Peub miia He o
MOBBIIIICHUN yPOBHSI HAYYHBIX MCCIIEAOBAHMH /10 TAKOTO,
4TOOBI X PE3YJIBTAThI MOTJIN OBIIIN MTPUHSTHI B MUPOBBIX
HayYHBIX )KypHaJiax». Peub 11a 00 yBem4eHnH JI0IH ITy-
OJIMKanuii B HUX JI0 YPOBHSI, OTIPEACIICHHOT'O C TOYHOCTHIO
JIo yeTBepToro aecsituaHoro 3Haka (0,0244). Ho cpenct-
Ba BBITIOJIHEHU ST ATOM 1IN HE OBLIIN OrpaHUYECHBI HUYEM,
KpoMe Kak, 10 YMOJIYaHHIO0, (PMHAHCAaMH Ha IIPOBEACHHE
WCCIIEIOBaHUH, Pe3yJIbTaThl KOTOPBIX HAJIO ITyOJIIMKOBATh.
IIpennpunsiTHIE yIpaBiIeHIIAMH OPraHU3aOHHBIE MEPbI
OBLJIM OCHOBAaHBI HA MaTEPHUAIILHOM CTUMYJIMPOBAHHUH T10O-
IIBITOK TPOOUTHCSI B «MUPOBBIE HAay4YHBIE» BCEMH IPaB-
JaMH 1 HernpaBramu. KoMMeHTapuu, oTpakaromue Imo-
3UIMIO0 HAYYHOT'O COOOIIECTBA K TAKOW MOJINTHKE, MOYKHO
HaiTH B myomkanusix [ 1, 6, 7]. Llenb Bposie ObI (C HEKOTO-
PBIMH OTOBOPKaMHU I10 CHIEITHATBLHOCTSIM) ObliIa JOCTUTHY-
Ta [3]. OOcyxaeHne Bompoca 0 TOM, KAKUMH CIIOCO0aMu
OHa JIOCTUTAJIACh, U KAKOBBI PEAJIbHBIC, 2 HE HAYKOMETPH-
YECKHE ITOCIIEICTBUS €€ JIOCTHKCHUS JIJIs1 POCCHUICKOMN Ha-
YKH, MOXHO HAalTH B psifie MPEKHUX MyOnuKanuii B «bu-
ocdepe» [6, 7]. OcTaHOBHMCS ceiidac Ha TOM, KaKOBa IICHA
9TUX AOCTHIKCHHH TSI OTEYECTBCHHOM Hay YHOU ITEPHOJIN-
ku. PazymeeTcs, 5TOT BOIPOC MOXKET BOJTHOBATH TOJIBKO
TEX, KTO CYMTAET, YTO OHA UMEET IIPABO HA CYILIECTBOBA-
HUE, B KOTOPOM €CTh PEeaJIbHBIH CMBICII.

Mex1y TeM CMBICII POCCHHCKUX HAay4YHBIX JKYPHAJIOB
HM3BEJICH /10 0OCITYKHMBAHHUSAX TE€X, KOMY 3aIHUIIATHCA
HaJl0, HO HeyeM. CornacHo Ykasa 599 npusnano no dax-
TY, KTO OBl YTO HU T'OBOPHJI, YTO peaIbHOE 3HAYCHUE JIIISI
HayKH UMEET TOJIBKO TO, YTO MOXKHO OITY OJTMKOBATh TaM —
Ha aHrauiickoMm. Boiiee Toro, He MPOCTO Tam, a TOJBKO
B BEPXHHUX KBapPTHUJISX PEHUTHUHTOB MO CHEIUAJIBHOCTSIM.
ToubKo 32 3TO «HayUYHBIE PAOOTHUKI MTOJIyYalOT MaTepH-
aJIbHOE TMOOIIpeHne 1, O0JIee TOro, MPaBo Ha IIepe3aKJto-
YeHHE J0roBOpa C Hay4YHbIMH padotoaarenssmu. [loaTtomy
Jla)Ke T€ POCCHUICKHUE JKYPHAIbI, KOTOPBIE JOMYyIICHbI B
Web of Science, ocTaroTcst Bce paBHO 3a 6opToM. B BbIC-
1IMe KBapTUIIN BXOJSAT He O0Jee YeThIPEX-IISITH POCCHII-
CKUX KypHAJIOB, M BCE OHU MO (pu3nke-MaremaTuke [3].
Tax 9TO HEMYAPEHO, YTO 3/1€Ch MpEIaraeTcs JJIsl OIy-
OJIMKOBAHMS TOJIBKO TO, YTO 3aBEJJOMO HE TOJIMTCS TaM.

Uro 110 5Ky pHAJIOB, KOTOPBIE IEPEBOASTCS HA AHTITUHCKU I
BBIOOPOYHO M B TAKOM YPE3aHHOM BHJIE JIOMTyIIeHBI B Web
of Science u/unu Scopus, To, HaIpUMep, OJIMH U3 COABTO-
POB 3TOH CTAaThU MMEJ ABYKPATHBIN OIBIT 3HAKOMCTBA C
MEPEBOJIAMHU €T0 MyOJIMKAIMI B POCCHICKOM JKypHaJe Ha
aHrmickui s3pik cutamu Pleiades Publishing (o daxry
MOCPEHUK MEXJ1y HEKOTOPBIMU POCCUHCKUMU XKy pHaia-
MH ¥ W3atenbeTBoM Springer-Nature). B o0oux cimygasx
HE MEHBIIIE ITOJIOBUHBI CIICI[UAIBHBIX TEPMHUHOB IIEpPEBE/IC-
HBI HeBepHO. JIaiHO, 3TO e11e MOKHO UCTIPABUTh HA yPOBHE
BEPCTKH, NPEIOCTABIISIEMOI 110 Takomy eiy. Ho kak ObITh
C LEJBIMH (PpazaMu, CMBICI KOTOPBIX IPSIMO ITPOTHBOIIOJIO-
JKCH CMBICITY HCXOHOTO TekeTa? Wiu ¢ nenpiMu ab3amnamu,
KOTOpbIE TPaMMaTHYECKH, MOXKET, U 0€3yIPEUHbI, HO 00 UX
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CMBICJIC HEBO3MOJKHO JIOTa/IaThCsl, €CITM HE 3HATh UCXOIHBII
TeKCT? B MCKOHHO aHTJIOSA3BIYHBIC HU OJJUH PELCH3EHT Ta-
KO€ He ITPOoITyCcTHUT. B qanHOM cityuae aBTOp XOTs OBI BlIaie-
€T aHTJIMICKUM, ITYCTh HE B COBEPIICHCTBE, HO JIOCTATOYHO,
4TOOBI OIYOJIMKOBATh CBOMMH CHJIAMH C JIBa JECSATKA CTa-
TEH B «BEAYIINX WHICKCHPOBAHHBIX)» U, CTAJIO OBITH, IS
TOT0, YTOOBI PA3IIIsJIETh BIIICONTICAaHHBIE Oe300pa3us. A
Kak ObITh qpyrum? Co31aeTcst BIICYATICHIE, YTO IITATHBIM
TIepeBOAYMKAM IIJIATSIT TaM 3a TO, YTOOBI POCCHIICKUE aB-
TOPBI MIPEICTAaBAIH MIEpe]l BCEM MHPOM HEJOTeNnaMu, He-
CHIOCOOHBIMH YCMOTPETH IIPOTHUBOPEUHSI B JIByX COCETHUX
MIPEIOKEHU X, TPABUIBFHO U3JI0KUTH KOHIICTIIIHH, BBIJIBU-
HYTHIC IPYTHMHU, a 3HAYUT U CACIATH WU MIPEIIIOKUTD YTO-
1m0 cBoe, T0CTOHHOE BHUMaHUs. Bo BcsikoM ciydae, pe-
3yJIBTAT MOJTy4aeTcsi UMEHHO Takoi. Ho, eciu yx BRIOMpaTh
MEXJy HECOBEPUICHHBIM aHTJIMMCKUM, HE HMCKaXKarolINM
CMBICJ U3JIaraeMoro, 1 IIIaJKUM aHTJIMHCKAM, B KOTOPOM
OTCYTCTBHE CMBbICIIa OBET B TJ1a3a, HAJO OBl JAesaTh BHIOOP
B 110J1b3y niepBoro. Ho nouemy-To BeiOupatoT BTopoe. Kak
TYT HE TOTSHET B KOHCITUPOJIOTHIO?

K Hell moAgTanKuBaroT U ApyTHe 00CTOATENHCTBA (HAI0
MMOHMMaTh, YTO 3TO IIYTKH HaJ cOOOH, XOTS Ha camMoOM
JleJie CKOpO CTaHeT HE JI0 IIYTOK, cM. Huxke). [Tocnen-
Hee BpeMsl U3/1aTeIbCTBA 3apyO0eKHBIX )KYPHAJIOB CTAITH
OTHOCHUTBCSI K YUCTOTE aHTJIMICKOro BCE MPHANPUYHBEE.
C OIIHOW CTOPOHBI, MOXXHO MOHSTH UX OpPE3rIUBOCTH B
CBSI3U C BO3POCILIUM B CHIIY H3BECTHOT'O yKa3a HaIlJIbIBOM
AHTJIOS3BIYHOTO KOCHOs13bIuMs M3 Poccun. C npyroii cTo-
pOHBIL, TOUeMy ObI HE JieJIaTh Ha ’TOM OU3HEC, BBIHYXAasl
aBTOPOB NMpHOEraTh K yclIyraMm INIaTHBIX PEJaKTOPCKUX
areHTCTB NpH u3aaTenbcTBax? Ho u 3TOro BEIHYKICHUS
Maso. Benp ecTh emie 1 OTKPBITHIN — JJ1s1 YUTaTeNs — JI0-
cryIl. TaMm r1aHka YuCTOTHI aHTIIMICKOTro HIke. Ho Huke
HE TOJIbKO 3Ta TuiaHka. Eciu mosyyaTs JeHbI'M HE € TIOJI-
MMHACYNKOB, & C aBTOPOB, TO JIJIS PACHIUPEHUSI JIOXOIHOM
0a3bl BHITOJIHEH HE MOBBIIIATH KAYECTBO ITyOIMKaui (a
3HAYUT M Oapbep AJs aBTOPOB) JJIs IPUBJICYCHUS 01~
MMMCYMKOB, & CHI)KATh Oapbepbl ONMyOIMKOBaHUS — TSI
MIPUBJICYCHUSI TE€X, KTO 32 MOJIHSITHE CBOEro XUpIlia roToB
mIaTuTh. OMacCHOCTh OTKPBITOrO JIOCTYTA JUJISI YUCTOTHI
Hay4YHOW WH(POPMAIMOHHON Cpeabl OTMEYaaach HEOTHO-
kpaTHO [1, 7]. A HCOOXOIUMOCTHIO COXPAHCHU ST YUCTOTHI
(1, COOTBETCTBEHHO, PEIAKIIMOHHBIX PACXO/IOB Ha €€ MOo/I-
Jiep>)KaHue) OIpaBAbIBACTCS BBICOKAS IJIaTa 3a Iy OJInKa-
MO Ha IpaBax OTKPBITOTrO JOCTYIA B TEX CaMbIX XKyp-
HaJlax IMepBOTro ¥ BTOPOT0 KBAPTHIIEH, KOTOPBIE TOJIBKO 1
UIYT ceiiuac y Hac B 3aueT. [1nata ata coctaBiser ot 1250
u 10 5000 nonnapos CIIA 3a onny ctatsio. Ceifuac rnoka
elie MHOTHE TaKUe Ky pPHaJIbl, HO YK€ HE BCE, COXPAHSIOT
JUISL aBTOPOB IIPaBO BBIOOpA: TMOO OTKPBITHIN JOCTYT, a
3HAUYMNT MOBBIIICHHAS BEPOSITHOCTH TPOUYTEHHUS U IUTHPO-
BaHUS CO BCEMH BLITEKAIOIMMU, HO 3a JI€HBLIN; THOO0 Oec-
IIJIATHO, HO TOT'JIA YK HEe 00ecCyIbTe, €CIIN ITPHIpacMCsl.

OnHako CKOpo u Toro He OyneT. B centsiope 2018 r.
16 xpyHEHWIINX eBPOINEHCKUX HAyYHBIX (OHIO0B M Ipa-




BHUTENBLCTBA 13 cTpan noanucanu cornamnienue o «llnane
S» — npenocrasiaenuu ¢ 1 ssuBaps 2020 r. HeMeJIEHHOT O
OTKPBITOTO JIOCTyNA K ITyOJIUKAINsIM, TOJATOTOBICHHBIM
10 pe3yJbTaTaM HCCIEA0BAHUN, KOTOPBIE IIPOBOASITCS Ha
cpencTBa 3TUX GOHJIOB /UK rocyaapetTs (cM. [9]). Janee
TpesIoaraeTcst yoenuTh BceX B HEOOXOIMMOCTH Tepe-
X071a Ha Takoi pexuM. M es, ko BceoOiiemMy yIuBICHUIO,
Ob1a nogaepxana Kuraem®. IToTHOTO eUHOAY NS Cpe-
JIM BCEX 3aWHTEPECOBAHHBIX CTOPOH IO 3TOMY BOIIPOCY
roka emie HeT. Ho JocTym-To Bce paBHO y>Ke CTall OT-
kpeITHIM de facto (pacpocTpanenue TMUHBIX Kormui pdf
10 3arpocam, cJeJaHHBIM Ha OCHOBaHWM OOIIEIOCTYII-
HBIX pedepaToB, ResearchGate, Sci-Hub... «...xTo Beceu,
TOT CMEEeTCs; KTO UIET, TOT BCEr/ia HaiieT. . .»). [loatomy
B3WMaHMeE IJIaTHI 32 TPaBO Oy OJINKOBATH CTAThIO, a HE 32
MIPaBoO €€ MPOYNTATh OKA3hIBACTCSl €AMHCTBEHHBIM CIIO-
CcOOOM /11 MEUPOBBIX MOHOTIOJIMCTOB B c(hepe HaydIHBIX
W31aHUN COXpPaHUTH CBOM CBEPXI0X0/bl. Bompoc Tonbko
B TOM, 4TOOBI IPUIYMaTh MaKCUMaJIbHO PEHTAOCITHHBII
Ou3Hec-TIJIaH Iepexo/a.

N3nepXku Takol NMEepCreKTHBBI OYEBHUIHBI, HO MaJlo
KOro BOJIHYIOT, KPOME T€X, Ha KOTO OHH OOpyIIarcs.
Bor, Hanpumep, MmHenue yueHbix u3 bpasunun (12-e me-
CTO B MHUpe 1o uuciy myonukanuii) [8]: «B bpasunun
My OJIMKAIMOHHBIE PAacXO/abl MOKPHIBAIOTCSI TOCYAApCT-
BEHHBIMHU areHTCTBaMH, (UHAHCUPYIOIIMMHU HayKy. Ho
IIPA 3TOM HE MPEAYCMOTPEHBI CIEIIUAIbHBIC JOIIOITHU-
TEJIbHBIE PacXoJibl 32 PeAaKIMOHHYIO 00paboOTKy cTa-
Te# (article processing charges — umerHo 3mo s61sem-
€5l OCHOBHBIM OEKNaApupyemMbiM KOMHIOHEHMOM NIAmbl,
e3umaemoil ¢ asmopos. — Ilpum. om «buocgepvry). ITH
pacxobl U3IMAIOTCS U3 O0IIeH CyMMBI TpaHTa, TaK 4To
aBTOpaM MPUXOIUTCS BBIOMPATh MEXAY OTKPBITHIM JI0-
CTYIIOM W peaKkTUBaMHu... be3 orpannveHuii Ha miaTy 3a
MmyOJIUKauy OTKPBITBIM TOCTYII CTaHET HEAOCTYITHBIM
JUTSL IeprKaTesiell HeKPYITHBIX I'PAaHTOB ITOBCEMECTHO.
I'panTel PODU — onu uTo, KpynHbIE? A BEelb B 3asBKaX
Ha 3TH I'PaHTHI HAJ0 3apaHee yKa3bIBaTh YHCIIO Ty OJINKa-
Wi B «BeAYIIMX UHJECKCHUPOBAaHHBIX». OueBuaHas Ope-
JIOBOCTh 3TOW MPaKTUKHU yke oTMeuanach [2]. Cyiect-
Byromni I[lnan S snuMuHUpyeT ruOpuIHbIC Ky pHAJIBI,
JIAfOIIMe aBTOpaM IPaBO BBIOOpA MEXy MyOIMKaIIHsI-
MM Ha yCJIOBHSIX INIATHOTO HEOT'PAHUYEHHOT'O OTKPBITOTO
JIOCTyTIa HUJIH OeCnIaTHOroO orpaHudeHHoro. Botr mHenue
coTpynHUKOB LleHTpa KIMHUYECKON ATUIEMHOJIOTHH B
Momnpeane (Kanana) Ha aToT cuet: «['mOpuHbIe )XypHa-
JIBI — 3TO HEOOXOAUMBIH AJIIEMCHT HAYYHOU 3KOCUCHEeMbl
("' = Ilpum. om «Buocghepory). Ilnan S moTpedyeT OT Me-
JKJTUCIUIIIIMHAPHBIX J)KYpHANOB («buocgepar — umenno
maxoil) NepelTH Ha MOITHBINA OTKPBITHIN AOCTYII, YTO OT-
METET aBTOPOB, Y KOTOPBIX CPEJCTBA JJIsI TOIO OTCYTCT-
BYIOT, 0COOCHHO MOJIOJIBIX HICCIIEZIOBATEIICH U ITPEACTaBH-

® 3aHMMaeT Temeph yXe IEPBOC MECTO B MHpPE IO YHCIy MyOnHuKarmii

(18,6%); cnenom unyr CHIA (17,8%); y Poccun 10-e mecto (2,6%) —
mexy FOxnoit Kopeeit n Kananoit [9].

Teneil Hero(PUHAHCUPYEMBIX HAYYHBIX TUCHHUTLUTHH [10].
/A KaKue GUOJNIOTNUECKHE JUCLUILINHBL y HAC HE SIBIISIIOT-
cst Hello(pUHAHCUPYEMBIMU?

- Ily6nuKoBaTh MO MPUHYKICHHIO CBBIILIE B AHTIIOA3bIY-
HBIX )KypHaJIax Hallk Hepo(QHHAHCHPYyEMBbIe UCCIIEeI0Ba-
HUSI O HAaIlIeH TPUPOJIE B €€ OXPaHEe — ITO TO K€ CAMOE, UTO
BBIBO3UTH NPUPOIHBIE pecypchl. M 3a 3TO MBI ke caMu
elle U TUIaTUTh JOJKHBI? Takne myOinKanuu, Kak 1 JIro-
Oble Ipyrue BBHITTOJTHEHHBIE 32 CUET TOCOI0KETA, JIOJIK-
HbI OBITH JOCTYIIHBIMU B IIEPBYIO OUEPEIb I POCCHIl-
CKMX 4uTaTeNel Ha PyCcCKOM si3bike. Eciu 3T0 KOMY-TO
MHTEPECHO TaM, ITyCTh CAMHU HECYT PACXOJIbl Ha IEPEBOJL
C PYCCKOrO Ha aHTJIMICKUN. A €CclIM HE HHTEPECHO, TO CO
CBOCH MPHUPOAOH MBI CaMH JOJDKHBI cipaBisaThes. «[lo-
MOIIIHMKOB Y HaC HUKOT/Ia He ObLIIO 1 He OyieT» (M3 HOBO-
ronHero obpamenus [Ipesnnenra, cm. http:/kremlin.ru/
events/president/news/59629). Ha3piBaTh HOMOITHHUKAMHU
KyneTypTperepos ot Elsevier, opraHu3yonux njiaTHbIE
CEMUHApBI, 4TOObI OOBICHATH, KAK 3aCITyXKHTb HX IOKPO-
BUTEIBLCTBO, CAMBIM CMBIIUICHBIM U3 TY3EMIEB, SI3bIK HE
MTOBOPAYMBACTCSI.

DTO — HE MPU3BIB K U30JISAIIUOHU3MY U OTKa3y HCIIOIb-
30BaTh TO U3 MMEIOILEr0Cs] B MEXK 1y HapOIHOH HHpOopMa-
LIMOHHOW HAay4YHOH cpejie, B UeM JIJIsI HaC €CTh peabHbII
cMbIci. CMBICiIa — peasibHOrO — HET B TOM, YTOOBI JIO-
MHTBCSI CO CTaThsIMU 110 TeMaTHKe XypHaia «buocde-
Pa» B «MEK/LyHApOJIHBIE HHIEKCHpOBaHHbIe». Ho OH ecTh
B TOM, YTO XypHaJl PacroJlaraeT CaiTOM Ha MEXKyHa-
poxanoii mimardgopme Open Journals System, no3Bossiro-
1Iei OpraHn30BaTh B3aNMOCHCTBHE C MK 1y HAPOTHBIM
areHTcTBOM CrossRef ni1s mpucBoeHust myOauKanusm
nraackca Digital Object Identifier (DOI). Takum o6pazom
MOJKHO JIOTIOJTHSTH Iy OJINKALIMK Ha PYCCKOM B IM(PPOBOM
(bopmaTe nepeBosaMu Ha aHIIMKcKUi nog TeM ke DOL.
Takwue cratbu yuurbiBatorcs B Google Scholar, Tak 4rto
MMo6bIE YUeHbIE B MUPE, B TOM YHCJIE CyTy00 aHTIOA3bIY-
HEIE, T10 3aITPOCaM Ha TEMBbI, 3aTPOHYTHIE B Ty OJIMKALIUIX
B «brocdepe», OynyT BHIXOAUTH Ha HUX 0€3 HE00X0IUMO-
CTH TUIATUTh OTPOMHBIE JICHBIH 3a TIOJINCKY Ha Scopus
u Web of Science’. ABTOpaM HaJ0 TOJIBKO OTBETCTBEH-
HO OTHOCHUTHCS K Ha3BaHUSIM U pedepaTaM CBOUX CTaTeH,

7 K cnioBy, 3Ta MOANMCKA 1T POCCHIACKUX GIOMKETHBIX HAYYHBIX OPraHH-
3aIuii Terneps HAKOHEN-TO JOCTYIHA 3a cueT OromkeTra. Ho TexHmueckas
{ HeoOXO/IMMOCTH B Heif ceifuac He BHIXOANT 3a PAMKH OTCIEKMBAHHS BCE
TexX ke OMONMOMeTpHUYEeCKHX ToKasareseid. To ecTh CHauana JAepxarennu
HAayKOMETPUUYECKUX PECYpCOB OPraHU30BAIU CIIPOC, a TEHEPh OKYNaroT
pacxojibl, B3UMas IUIATY 3a €ro y[oBJIETBOpeHHe. B pasaysanum crpoca
OYCHb TTOMOIIIH TOJ] JIO3YHIOM «3arpaHMIla HaM MOMOKET» MECTHBIC MO-
OOpPHUKH IIPUBJICUCHUS BapsIrOB JUIS HABEACHUS IOPSNKA B COOCTBEHHOM
nome. BoT mHTEpECHO, Kak OHM OTHECYTCS K HEOOXOAMMOCTHU ILIATHThH
: 1500 nommapos 1 60JIbIIE 3a TPABO OITyOJIMKOBATHCS TaM, T/E Ty OIHKaLHs
! XOThb M MOOMIPSIETCS y HAC IPHGABKOM K 3apIliaTe, HO IPHGABKA-TO B Y-
| IeM clyuae KOMIIGHCHPYET 3aTpaThl, MPHYEM 3aiHnM unciom. Jlms my-
OMUKALMN B MEXLyHAPOJHBIX KypHAJIaX 3a pyOe:xKOM Ha CaMOM JIeNIe eCTh
U IpyTHe, IpHYeM BIIOJIHE TOCTOMHHBIC CTUMYIBL 11 OHM Kak JeficTBoBaIn
10 Ykasza 599 m nake npu COBETCKOl BIIAacTH, Tak U OyayT AeHCTBOBAaTh
¢ HE3aBHCHMO OT a[MHHHCTPATUBHBIX IEPECTPOCK B HAYKE.

MexancumnnHapHbI Hay4HbIM. M. NpuKnagHon XypHan «buochepa» 2018, 1..10, N2 4



4TOOBI OHM IPHUBJICKAIM BHUMaHUE, PaBHO KakK U K Jpy-
ruM acriektaM ux odopmienus. Hy m Henunrae, 4To0Ob1
cozep)kaHue Toxe OblIO Ha BhIcoTe. M, eciu poccuiickue
aBTOPBI OYIyT A€NIaTh CBOE JIEJIO /IS ce0sl, C yBaKCHHEM
K ce0e 1 cBoeii paboTe, a He K peiTHHTaM, MeX/TyHapo/I-
HBII HHTEpEC K UX CTAaThIM U WX HUTHPOBAHUE IPUTYT.
Ho cpa3y no yka3y, KOHEYHO, HE TIOJTyYUTCS.

W 5T0 — HE BBICTYTUUIEHHE TPOTHB OTKPHITOTO JJOCTYIIA K
peneH3upyemoii HayuHoi nepuoauke. [Ipocro Hano, uro-
OBI OTKPBITHIA JHOCTYIT OOECIIeYNBaIN HE T€, KTO JeJiaeT
€ro UCTOYHHUKOM JIOX0/1a J1s ceds, a Te, KTO 3aUHTEPeco-
BaH B Pa3BUTHH HAyKH M €€ JOCTYIHOCTH s BceX. [0-
CyJlapCTBO — 3aMHTEPECOBAHO?

Ecnu OTKpPBITHII TOCTYN MepecTaHeT ObITh IIIATHBIM
JUIS aBTOPOB, HCUE3HET CTUMYJI CHHIKATh IUIAHKY Kade-
CTBa PYKOIHCEH ISl yBEIMYEHUS] YUCIAa BO3MOXKHBIX

rIaTeabIuKoB. Ho caMbIM Ti1aBHBIM (pakTOpoM mojiiep-
’KaHMSI BBICOKOTO YPOBHSI IyOJIMKAIi OCTaeTCsl pereH-
3UpOBaHME «PAaBHBIMH PaBHBIX» (peer reviewing). Bor
B KaKOM Jiejie HaJlo Obl 3aMMCTBOBATh MEXTyHapOAHBII
OTIBIT, B YaCTHOCTH, IPU3HAHKE yYaCTHsI B PEIICH3NPOBa-
HHUHM B Ka4eCTBE KBAJN(DPUKAITMOHHOTO KPUTEPHSL.

OHU «XXI Bek» npeaocTaBiaseT aBTOpaM OTKPBITHII
noctyn 6ecrutatHo. Ho mepeBos cBouX crarei Ha aHTIINH-
CKHM — 3TO yKe JEJI0 CAaMHUX aBTOPOB, €CJIM OHHU B 3TOM
3auHTepecoBaHbl. McKiItoueHue npeamnonaraeTcs 1eaaTh
TOJBKO JIJISI OJHOM-ABYX CTaTel B roJl, IPU3HAHHBIX pe-
JIaK[IAeH JTOCTOMHBIMU ITOOIIPEHUsS B BUE IIyOJIMKAIITNT
Ha aHTJIMMCKOM CHJIAMH peAakIuu (HO 9TO O3HA4YaeT 3a-
JIEPKKY aHTJIMICKOTO TeKCTa MUHUMYM Ha roxn). Pesyis-
TaThl TAKOTO SKCIIEPUMEHTA MOYKHO HaWTH B TOCIIETHEM
HOMepe I00UIIeIIHOro ToMa XXypHaJa.
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IIpeACTABAEHBI Pe3YABTATHBI CPABHUTEALHOTO M3Y4YeHMS BO3AE€MCTBMUS IPUMEeHsIeMbIX B CaHKT-TleTepbypre MpoTUBOroaoAepHBIX CpeAcTB (TII'C)
PA3AMYHOrO COCTABA HA POCT TPABSHMCTBIX PACTEHM M IOYBEHHOE ABIXAHME, IIPOBEASHHOrO C LIeAbIO ONMPEeAEAUTh HAaMMEHee OIACHbIe U
YCTAQHOBUTH AONYCTMMbIE KOHLIEHTPALIMM MX NMPUMeHeHus. Bbeiau uccaepoBaHb! IIC HaO OCHOBE XAOPMAOB HATPMS, MATHMS, KAABLMS, ALIETATA
Kaaus ¥ popMMaATA HATPUSA, KOTOPbIE B YCAOBUSIX AAGOPATOPHOrO M IIOAEBOTO DKCIIEPUMMEHTOB BHOCHMAMCH B A€PHOBO-TIOA3OAMCTYIO IIOYBY B
KOHLeHTpaumsx 20, 50 1 150 r/M2 ITokasareasMu Bo3peicTBus III'C HA PACTEHUA CAYKUAM 6MOMACCA FA30HHBIX TPAB M AMMHA KOPHE IIPOPOCTKOB
TIIeHNUIIbL. B AGOPATOPHLIX OIBLITAX CPEAHME M BLICOKME AO3bI XAOPMAOB 3HAYMTEALHO ITOAABASIAY ITOYBEHHOE ALIXAHME M TAKIKE CHMKAAM AAMHY
IIPOPOCTKOB CEeMSIH IMIIIeHMUIIbI 4 61OMACCY IA30HHBIX TPAB. B OTA@ALHEBIX CAYVYASIX YTHETEHME PACTEOHMI HAGAIOAQAOCE YiKe NMPYU MMHMMAALHOM
VPOBHE XAOPHMAHBIX PEATSeHTOB, A IIPY BbICOKOM YPOBHE OHO AoCTUrano 100%. Cpean xAopMAHBIX III'C HauMeHee TOKCUYHBIM OKA3AACS XAOPUA
Marums. AnlerarHble M GOpMUATHBIE PEAreHThl He OKA3bIBAAM HA PACTEHMS U ITOYBEHHBIE MMKPOOPTIAHM3MBI CTOAD XK€ BLIPAKEHHOE TOKCUIEeCKoe
AeiicTBME. B HEKOTOPBIX CAYYASIX OTMEYAACS MX CTUMYAMPYIOLINI 9)DEKT, B HACTHOCTHM, HA NMOYBEHHOE AbIXAHME. B rIoAeBbIX 9KCIIEPMMEHTAX
B TeYEHMEe BEreTALMOHHOTO CE30HA MHrubmupylollee AeicTBMue XAOPMAHBIX III'C ITOCTEIIeHHO HMBEAMPOBAAOCH NPUPOAHBIMM GAKTOPAMMU
(aTMocdepHbIe OCAAKM U AP.) AO CAAHOTOKCUYHOrO MAM HEATPAABHOrO. AlleTaTHEIe ¥ popMuaTHble III'C IpM CPABHEHMM C XAOPMAHBIMU MEHee
OIIACHBI AMST PACTEHMI M, CYASI IO TIOYBEHHOMY ABLIXAHMIO, AAST MMKPOOPTAHM3MOB M MOT'YT PEKOMEHAOBATLCS K MCIIOAL3OBAHMIO B T'OPOACKOM
cpepe. B yCAOBMSIX ITPOMBIBHOTO BOAHOTO pexxuma CaukT-IleTepbypra peKoMeHAYEeTCS, YTO6bl KOHILIEHTPALMM ITIPHMMEHSIEMbIX IIPOTUBOTOAOASAHBIX
CPEeACTB He npeBbIaau 50 r/m2

Knrwouegwie cnosa: npomusozononeonsie cpeocmea, nousvl, pacmeniisl, MUKpOOP2AHUZMbL, MOKCUUHOCTb.

EVALUATION OF THE IMPACTS OF ICE CONTROL MATERIALS HAVING DIFFERENT
CHEMICAL COMPOSITIONS ON GRASS GROWTH AND SOIL RESPIRATION

A.O. Gerasimov, M.V. Chugunova
Saint-Petersburg Research Center of Environmental Safety, Saint Petersburg, Russia
E-mail: recchi@rambler.ru, chugunovaS4@gmail.com

Comparative evaluation of the impact of ice control materials (ICM) used in Saint Petersburg grass growth and soil respiration was carried out to
select the least hazardous of ICM and to establish their tolerable dosages. The ICM studied were based on sodium, magnesium or calcium chlorides,
or potassium acetate, or sodium formate. ICM solutions were applied to sod-podzolic soils to make a 20, 50 or 150 g/m? application dose. Grass
conditions were assessed by lawn grass biomass and wheat sprout root length. Under laboratory conditions, medium and high dosages of chlorides
suppressed all parameters, the least toxic being magnesium chloride. Acetates and formates were less toxic and in some cases even stimulatory,
in particular, for soil respiration. Under field conditions, the impact of chlorides gradually declined over the vegetative season, most likely because
washing out by atmospheric precipitates, which are usual for the rainy climate of Saint Petersburg. On a whole, acetates and formates are the
least hazardous among ICM tested. Under Saint-Petersburg climatic conditions, application dosages of ICM should not exceed 50 g/m?.
Keywords: ice control materials, soil, grass, toxicity.
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MPAKTUKA

BBeapeHUue

B nocnennne ronsl B Poccruu MosiBUIOCH 3HAYNTEIb-
HOE YHCJIO HOBBIX IpoTuBorosoneausx cpeacts (II'C).
Bo mHOTrOM nogoGHOE n300MIIHe 00YCIOBIMBAETCS Map-
KETUHTOBBIMH pPEHICHUSIMH. BCleACTBHE aKTyaJbHO-
CTH U MacmTaOoB MPOOJIEMBI TIOJT pa3HBIMUA TOPTOBBIMU
MapKaMHU MOTYT CKPBIBaThCS OIHU U TE€ XKE IMpeIaparsl,
BHEJIPEHNE KOTOPHIX CBA3AHO C MOTEHIIMAJIBHBIMH JI0XO-
JnaMu rpousBoauteeid. Ceifuac Ha peIHKE (QUTYpPUPYET
HeckoIbKo necsiTkoB I1I'C pa3nuyHOro XMuMH4ecKoro co-
craBa. HekoTopble N3 HUX IIMPOKO M OECKOHTPOJIHHO HC-
MOJIB3YIOTCSl HA MarucTpaisix TOpoAOB HA IMOCTOSHHOMN
OCHOBE.

B cBsi3u ¢ 3TUM Ba)kHOI NPUPOTOOXpaHHON 3anadeit
SIBJISIETCSI OIICHKA TIOCIICACTBUN IIPUMEHEHUS Pa3ITUIHBIX
[II'C na ynunax pocCHHCKHX TOpOJIOB. DTO 00yCIIOBIH-
BaeTcsa TeM, 4To B Meranonucax [II'C sBisitoTcst onHUM
W3 TJIABHBIX aHTPOIIOI'CHHBIX (DAKTOPOB, HETATHBHO BIIH-
SIFOIIMX Ha OKPYKAIOMIYIO CPENy, B IEPBYIO OUepeb — Ha
BBICIINE PACTCHUS U TIOYBEHHBIE MUKPOOPIaHU3MBI.

H3BecTHO, 9YTO OAHMM M3 HamboJiee BaXKHBIX IOKa3a-
TeJIeld KauyecTBa MOYB CIIY)KUT )KM3HEHHOE COCTOSTHUE U
O6romacca npouspacraromux Ha Hux pacrennit. [1I'C npe-
JKJI€ BCErO MOBPEXAAI0T PACTUTEIBHOCTh ONIOCPEI0BAH-
HO, 4yepe3 3arpsaszHeHnyto nouBy [10]. Tloctynas Bmecte
C TAIOUIMM CHEroM B NPHUJOPOKHBIC MTOYBBI U HAKAILIH-
Basich B HUX, [1I'C U3MEHSIOT UX XUMHUYECKUI COCTaB U
HapymamT (U3HYECKUE XapaKTEPUCTUKHU. DTO IPUBOIUT
K CTPYKTYPHBIM U ()YHKIITUOHAIBHBIM U3MCHCHUSIM I10-
YBEHHOW DKOCHCTEMBI, YTO YPEBATO T'MOEIIBbI0 PaCTCHHI
[8]. B To xe Bpemsi HenocpeacTBeHHo Ha pactenus [1T'C
MOTYT IOIIaJIaTh Yepe3 BO31yX B (opme OpBI3T, MBUIH U
adp030JIeH, UTO BBI3BIBACT OTMUPAHUE CTEOJICH 1 ITOYEK MO-
JIOABIX TIOOETOB, 3a/IeP)KKY BO30OHOBJICHUS POCTA BECHOM,
CHMXKEHHE (OTOCHHTETHYECKOro mnoreHuuaina. CreneHb
BozjelicTBus [II'C Ha MOYBBI U PACTUTEIBHOCTh 3aBU-
CUT OT MHOXecCTBa (phakTOpoB. B nx umncie — paccrosinue
OT MPOE3KEH YacTH, MPOAOTKUTEIBHOCTD BO3ICHCTBUS,
rpaHyJIOMETPUUYECKUH COCTaB MOYBbI, HAIMYHE WIJIH OT-
CYTCTBHE JIpeHaXKa, KOJIMYECTBO OCAJKOB U JApyrue [9].

Briaenenue yriaekuciaoro ra3za nmouBoil B epByro ode-
penb oIpenessieTcs JBIXaHUEM COJAEpPKAIIUXCsl B HEeH
MHKPOOPraHU3MOB B IIPOLIECCE OKUCIICHUSI 1 MUHEPaHU-
3allM¥ OPraHUYECKOT 0 BellecTBa UMU. M3menenue cocto-
STHUSI MUKPOOOIIEHO30B, BEI3BAHHOE 3arps3HEHUEM IT0YB
[II'C, mokeT NpUBECTH K HAPYILIEHUIO PKOJIOTHUYECKOTO
paBHOBECHS U TIOCTEIIEHHOM Jlerpajilalilii SKOCUCTEMEI,
YTO HETraTHMBHO CKaXXETCS Ha MOYBEHHOM IIJIOJIOPOIUH.
MUKpOOpPraHu3Mbl SIBIISIIOTCS YyBCTBUTEIBHBIMU OHO-
WHAMKATOpaMU, OBICTPO pearupyronuMyu Ha H3MEHEHU S
B cpefie. B ¢BsI3u ¢ 3THM MUKpOOHOIOrHYecKre IoKas3are-
JIM C YCTIEXOM HUCIIOIB3YIOTCS JIJIsl 9KOJIOrHUECKON OLIEHKH
COCTOSIHUSI TIOYB B YCJIOBHSIX aHTPOIIOINEHHON HAarpy3Ku
[2]. Onnako, HECMOTps Ha IEPBOCTENEHHY IO POJIb MUKPO-
OpraHu3MOB B )y HKITMOHUPOBAHUH OUOC(HEPBI, CBEACHUS

0 MUKPOOHOJIOTHYECKOM COCTOSIHUH IT0YB, 3T PSI3HEHHBIX
[1I"C, mano4YncIeHHBI, a JAHHBIE O BIUSHUY /103 Pa3Ind-
HbIX [1I'C Ha UHTEHCUBHOCTB MPOLIECCOB, KOHTPOJIUPYE-
MBIX MUKPOOPTaHU3MaMHU, IPAKTHYECKH OTCYTCTBYIOT.

B nocnennue roasl BolmpocaM HEraTUBHOTO BO3JIEHCT-
Bust [1I'C Ha OKpy»Karomyo cpeay yaeasercst Bce 00b-
mee BHUMaHue. OgHaKo, Kak MPaBHIIO, MyOIMKAIuK Ha
9Ty TEMY OCBEIIAIOT JEUCTBHE OJHOIO-IBYX PEareHTOB
(B OCHOBHOM M3 XJIOPUTHOM IpYyTIIIEI).

B Cankr-IlerepOypre cpenu pasnuunbix I[1I'C nanbo-
JIee 9acTo s 0OpHOBI ¢ 0OJICICHEHUEM HCTIOIB3YIOT pe-
areHTHl Ha OCHOBE XJIOPHUOB HATPUsI, KAJIbLIUS U Mar-
Hus. B mocnennee Bpemst Bce Oopliiee pacipocTpaHeHUe
MOJTyYaloT TaK)Ke PearcHThl alleTaTHON U popMHaTHOM
TpymIL.

Lensto HacTosIe paboOThI OBIIIO UCCIIEIOBATh Xapak-
Tep u crenens Bo3aeiicTeus I1T'C pasznuuHOoro xumuye-
CKOTO cocTaBa, npuMensieMbix B Cankr-IleTepOypre, Ha
pacTeHus M IMOYBEHHOE JIBIXaHWE M ONpeNenTh Hanbo-
nee 6e3onacusble [1I'C 1 qonmycTHMBIE 1036l NX BHECEHUS.

O6BbeKThI ¥ METOADLI

DKCHEPUMEHTHI I10 3arpsI3HEHHIO OKYJIBTYPEHHOM Jiep-
HOBO-II0/I30JIUCTON CYTJIMHUCTON MOYBBI TPOTHUBOI0JIO-
JISIHBIMU peareHTaMu IPOBOJIUIIMCH B Ja0OPAaTOPHBIX
M TIOJICBBIX ycioBusiX. [[ist aToro 0sutk BeiOpans! [1T°C,
MPEJCTABIISIIONINE KaX/yI0 U3 TPEX OCHOBHBIX XHUMHUUE-
CKHX T'PYIIIL: TEXHUYECKas coiib (Xyopu Hatpust), « TOP»
(xnopun kanbius), «bumodur» (xaopua maruus), «Hop-
nBai» (amerart kanws) u «Clearway» (hopMuaT Kaus).
B nonesbix onbiTax BMecTo pearenta « TOP» ucnons3o-
BaJicst peareHT «ExXuk» (cMech XJIOpHIOB KaIbIUs U Ha-
tpusi). [IpousBonutenem I1I'C «TOP» u «Exuk» sBisi-
snock OO0 «3upakcy, «Hopasasi» — OO0 «IIpodaunry,
«bumodpura» — 3A0 «bumodur-ABanrapny», a «Clear-
way» — KOHIepH «Kemiray.

[IT°"C B noszeBOM 1 1a00paTOPHOM IKCIIEPUMEHTaX BHO-
CUJIM B HCCIIEyeMYI0 TouBy B j03ax 20, 50 u 150 r/m?,
COOTBETCTBYHOIIUX HOpMaTuBaM TVY. IlonyueHHble pe-
3yJIBTAThl CPAaBHUBAJIM C ITOKA3aTEIISIMU HE3ar PSI3HEHHBIX
KOHTPOJIBHBIX 00pas3IoB.

HaTypHbIif METKOIETITHOYHBIN SKCIIEPUMEHT OBLII 3aJ10-
JKEH B 4-KpaTHO IIOBTOPHOCTH HA TEPPUTOPHH OITBITHOTO
rioJist ArpapHoro yauBepcuterta (T. [TyIknH) ¢ nenbro BbI-
SIBUTH CTETIEHb YMEHBIICHHS! TOKCHYHOCTH 3aTrPSI3HEHHBIX
[II'C nouB B TeueHHE BEreTallMOHHOI'O CE30Ha BCIIEICTBUE
MPOLIECCOB CAMOOYHIIIECHHUS.

ITocne 3arpsiznenus [1I'C onbITHBIX NEISHOK B Hayda-
JIe BETETAllMOHHOT'O Ce30Ha (B Mae) BHICEBAJIM T'a30HHbBIC
TpaBkI (TpaBocMech «YHUBepcaln»). OCeHBIO (B CCHTSIOPE)
MIPOU3BOUIIN TIOJIHBIH YKOC TpaB C JEJSTHOK ISl Orpe-
JIeJICHUsI ©X OMOMAacChl, CIIy’Kalllel WHTerpajbHbIM I10-
KazaTeJjieM IpU OLEHKEe (PU3MOJIOrHYEeCKOTr0 COCTOSTHUS
pacrenuii. Toraa sxe oTOMpann oOpas3ibl KOHTPOJIBHBIX
W 3arps3HEHHBIX TIOYB JUJIS MMPOBEICHUS J1a00paTOPHBIX
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nccienoBanuii (hurorecTupoBaHrue 1 MUKpPOOHOJIOTHYE-
CKHE ONBITHI).

JlabopaTopHBIil ONBIT IPOBOAMIIN C IIEIBIO BBISIBUTH
BO3/IelicTBIE HeM3MeHeHHBIX KoHTleHTpanuid [1T'C (B ot-
CYTCTBHE BHEITHUX ITPUPOJHBIX (JaKTOPOB) HA COCTOSIHHE
pacTeHui ¥ MOYBEHHOE JIBIXaHHE.

Jutst mpoBeneHust 1ab0paTopHOTO SKCIEPUMEHTa I0-
4By, YBIQXHEHHYI0 10 60% MOIHON BIarO€MKOCTH, MO-
MeIaJIM B BEreTalMoOHHbIE cocyibl oobemoMm 1 1. Pea-
TeHTHl BHOCHJIN B MOYBY B pacTBOopeHHOM Buje. [locine
3arpsi3HeHust ykazanabsiMu go3amu [11°C 3aceBay mouBbI
ra30HHBIMU TpaBaMHu (TpaBocMech «YHUBepcan»). Uepes
TPU-YETBIPE HEENIH MO JOCTHKEHUU ONPENEICHHON BBI-
COTHI HAI3€MHY0 4aCTh PACTEHUH cpe3aliy, 3aTeEM Iy TEM
B3BEIIMBAaHUSI ONIPEIEIISLIN €€ OuoMaccy.

IToxazaTtenem crenenu Bo3aeiictus [1I'C Ha pacTeHust
KaK B HATYPHBIX, TaK U B JaOOPATOPHBIX YCIOBUIX, KPO-
Me OMoMacchl Ta30HHBIX TPAaB, CITYKHIIA Pa3Iudus B J1JTH-
He KOpHe# rnpopocTkoB nmeHnus! (7riticum aestivum L.),
BBIPOCIIMX Ha 3arpsI3HEHHBIX MTOYBaX, [0 CPABHEHUIO C
KOHTPOJIBHOK TTpo0oit'.

HurencusrocTs Beigenenus CO, (MHa4de — MoYBEHHOE
JIBIXaHHE), KOTOpas XapaKTepU3yeT MHTErpajbHYI0 Ha-

! MeTtonuka BBITOTHEHUS I/I3MepeHI/I17[ BCXOXXECTH CEMSH U TJIMHBI KOpHeﬁ

IIPOPOCTKOB BBICHINX DACTEHHIl JUIS OIpPENSNCHHs TOKCHYHOCTU TeX-
HOTEHHO 3arpsisHeHHbIX nouB. M-I1-2006. ®enepanbubiii peectp (DP).

®P.1.39.2006.02264. Canxr-IletepOypr; 2009.

MPSIKEHHOCTH IMPOTEKAIOMIUX B MTOYBAX MPOIECCOB OHO-
JIECTPYKIIMH OPraHU4eCcKOro BEIIECTBA, UCIIOJIb30BaJIU B
Ka4eCTBE MOKA3aTeNIsI MUKPOOHOIOTHYSCKOT'O COCTOS HUS
1noyB. B HacTos111ee BpeMsl TOUYBEHHOE AbIXaHUE CUUTAET-
CsL OMHUM U3 HanboJIee BaXKHBIX HHIUKATOPOB COCTOSHUS
HE TOJBKO MUKPOOHOT0 KOMILIEKCA IT0YB, HO M TIOYBCHHOU
9KOCUCTEMBI B 1IeJioM [4, 5]. [louBeHHOE AbIXaHUE ompe-
JIEJISUTU B TA0OPATOPHBIX YCIIOBUSX aJICOPOIIMOHHBIM Me-
Toaom [1].

JlOCTOBEPHOCTD pPa3IMUUN MEXAY MOJTYUYECHHBIMU pe-
3yJIbTaTaMU OIICHUBAJIM MO KPUTCPUIO MaHHA-YUTHHU U
JIONIOJIHUTENBHO 1o KpuTeputo CteionenTa. [locneguuit
HCTOJIb30BAJIM HA OCHOBAHUH TOTO, YTO B MOJIEBBIX OIIbI-
TaxX CIIy4alfHbIC ONTMOKY HEU30CKHBI U TaKe IMPHU MaJIOM
YHCIIC MTapaJUICIIbHBIX HAOIOJCHUN OHU COOTBETCTBYIOT
t-pacnpenenenuto CtoroaenTa [3].

Pe3yAbTATHI M OGCYXRASHME

Pesynbrarhl onpeneneHus JINHBI KOPHEH IPOPOCTKOB
MIIICHUIIBI, BRIPAIIUBACMBIX B JJA00PATOPHBIX YCIOBUSIX,
pu nevictBun pasznuaabiX [1I'C mpeacTaBieHb B Ta0IH-
ue 1.

W3 tabmunel 1 BUAHO, 9TO TPU MaKCUMAaIbHOW KOHIICH-
TpalUU XJIOPUIHBIX PEareHTOB MO/IaBJICHHUE TPOPOCTKOB
neHubl Jocturano 90-100%. Cepbe3Hoe yrueTeHue —
oT 32 10 52% — Habnroganoch gake TP MUHUMAaIbHBIX
no3ax I1I'C. B To e Bpems y alleTaTHOTro 1 pOpMHUATHOTO

Taon. 1
BospgeiicrBue IIT'C Ha njiMHY KOpHell IPOPOCTKOB NMIIEHUIbI B JIA00PaTOPHOM ONbITE
Pearenrt Ho3a III'C, r/m? JlnnHAa KOpHS, MM* A, Yo**
KonTpomnb 0 16,0 £2,2
20 84+ 1,4 —47,7 ™
TexHU4ecKas coib 50 5,3+0,3 —66,9 N
150 0 —100 ~*
20 10,8 £2,1 -323*
bumodut 50 9,7+ 0,6 -39,6 "
150 1,6 £ 0,1 -90,0
20 7,6+ 0,3 —52,8 M
TOR 50 4,7+0,1 —71,0
150 0,7£0,2 —96,0
20 232+1,6 +45,2 N
Hopnpoii 50 184+14 +14,8
150 7,3+0,2 —54,6
20 192 +43 +20,2
Clearway 50 184+22 +14,8
150 12,6 £ 0,4 21,37
* CpeHee 3Ha4YeHHe 4 TapauIelIbHbIX U3MEPEHHH + CTaHAAPTHOE OTKIOHEHHE.
** A — ommune ot kKoHTpois (%);  — p < 0,05 (1o xpureputo MaHHa- YUTHH).
#—p <0,05 (1o kpurepuro CThIOACHTA); OTCYTCTBHE 3HAYKOB " /WM # 03HAYAET HEJAOCTOBEPHOCTh PA3JINYMS 110 OAHOMY JTHO0 0O0UM KPUTEPHSIM.
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pearentoB «Hopasoaii» u «Clearway» yrueTeHne HaunHa-
JIOCH TOJIBKO ITPU MaKCUMaJIbHBIX KoHIeHTpanusx [1I'C —
54 u 21% cooTtBeTcTBEeHHO. IIpn HU3KUX KE U CPEAHUX
J103ax, Ha000pOT, B HEKOTOPHIX BapHaHTaX OTMEYAIACh
CTUMYJISIUS pocTa KOpHEH (110 45%).

Cxo0X1e 3aKOHOMEPHOCTH OBLIIM BBISIBJICHBI B OITBITE
1o yuety O6momaccsl (Tadi. 2). AuerarHslii u popmuar-
HBIA peareHThl B MAJIBIX U CPETHUX KOHIEHTPAIUIX HE
WHTHOUPOBAIIM POCT TPaB, a TOCTUTAEMOE yTHETEHHE OT
WX BO3JCHCTBUS 0Ka3aJIOCh MEHEE 3HAYUTEIIbHBIM (MaK-
cumyM — 34% y pearenta «Clearway»). Bnusinne MmuHu-
MaJIBHBIX JI03 XJIOPUJIOB OKa3aJI0Ch OITACHO TOKCHYHBIM
JUIS Ta30HHBIX TpaB: yrHeTeHus Ha 58% u Ooree, u yxe
TIPU CPEAHUX J03aX CeMEeHa MPaKTHYECKHU HEe B3OILIN (OT-
MEYaJIMCh JINIIb IMHUYHBIE BCXObI, YbsS Macca He JI0-
cruraia 1% KOHTpPOJIs).

Heo6xoxmmo nog4epkHy Th, YTO, 110 CPAaBHEHUIO C IIIIe-
HHUIIEH, BOCIIPUUMYNBOCTH Ta30HHBIX TPaB K JACHUCTBUIO
XJIOPUJIOB MOXKET CUUTAThCSl OOJiee pernpe3eHTaTUBHOM,
ITOCKOJIBKY UMEHHO TPaBbl HUCIOIB3YIOT B YIWYHBIX I10-
caJKax.

CyZs 10 U3MEHEHHUSIM TIOYBEHHOTO JIbIXaHUsI, TIOYBEH-
HbIE MUKPOOPTaHU3MBbl TAKKE HCIIBITHIBAIIN YyTHETCHUE
OT JICHCTBHUSI MPOTHUBOTOJIONIEAHBIX PEAreHTOB, OJHAKO B
MEHBIIEH cTeneHu, yem pacteHus (Tadi. 3). Munumanb-

HBIE JIO3bI BCEX HCCIIEJOBAHHBIX PEAar€HTOB HE OKa3bIBaJIN
JIOCTOBEPHOI'0 BO3/ACHCTBU Ha MOYBEHHOE AbIxanue. Hau-
0oJiee TOKCHYHOM OKa3ajach TEXHUYECKAs COJIb, KOTOPast
CyIIECTBEHHO HHTHOMpOBaa IbIXaTeIbHYI0 aKTUBHOCTh
MIPU CPETHUX U MaKCUMaJIBHBIX g03ax (—40 u —53% co-
OTBETCTBEHHO I10 CPABHEHHIO C KOHTPOJIEM). XJIOPUIHEIE
peareaTsl «TOP» n «bumodur» cHmkanu (B cpegHeM
Ha TPETh) MHTEHCUBHOCTH MTOYBEHHOT'O JIBIXaHUS TIPH X
BHECEHUH B MaKCUMaJbHBIX KoJM4ecTBax. MI3BecTHO, 4TO
KPUTHYECKHUI MOPOr YCTOMUUBOCTH IMOYBEHHBIX CUCTEM
cocTaisieT norepio He 601ee 30% OnoopraHnIEecKoro 1mo-
TeHIHana oT (POHOBOTO HUIM KOHTPOJIBHOTO ypoBHs [13].
Taknm 006pa3oM, MoTydeHHBIE PE3yIbTATHl CBUICTEIHCT-
BYIOT O Jierpajalliii MUKPOOOIIEHO30B MCCIIEIOBAHHBIX
IIOYB, YTO B CBOKO OUEPEAb YKA3BIBAET HA HU3KYIO YCTOM-
YHUBOCTh U3YUEHHBIX [IOYBEHHBIX CUCTEM B LIEJIOM K TOK-
CHUYECKOMY BO3JEHCTBUIO BEICOKHX 103 XJI0pUAHBIX [1I'C.
AneraTHble 1 (pOpMUATHEIE peareHThl CTUMYJINPOBAIIN
MIOYBEHHOE JbIXaHME. B TO ke Bpems BBIpaK€HHOE Ipe-
BBIIIEHNE HUHTEHCUBHOCTH JIBIXaHU S HaJl KOHTPOJbHBIMU
nokasaresimMu (1o 73,9% y «Hopusasi») HeNb3s cunTarh
MTOJIOKUTEIBHBIM SIBJICHUEM, ITOCKOJIbKY ITOJ00Has TH-
nepTpodupoBaHHasi aKTUBHOCTH CIIOCOOHA BHIBECTH CH-
CTEMY M3 peXKHUMa HOPMAJIbHOTO (PYHKIIMOHUPOBAHHUS U B
JlajbHeHIlIeM IPUBECTH K €€ pa3pylieHuto [6, 7].

Tabn. 2
Bo3speiicTue IIT'C Ha 6momaccy ra3oHHBIX TPaB B J1a00pPaTOPHOM ONbITE
Pearent Ho3za II'C, r/m? buomacca, r* A, Yo**
Kontponb 0 2,48 + 0,1
20 0,18 £0,0 —-92,9 N
TexHuyecKas colib 50 0,01 £0,0 -99,8 N
150 0 —100 ~*
20 1,03 +£0,0 —58,3 N
Bumodut 50 0,004 £ 0,0 —99,8 N
150 0 —100 ~*
20 0,12+ 0,0 -95,0
TOR 50 0 —100 ~*
150 0 —100 M
20 2,1+0,1 —152 "
Hopnpoii 50 2,53 £0,1 +2,0
150 2,1+0,1 —152 "
20 3,15+0,1 26,7 A
Clearway 50 2,58 +£0,1 +4,0
150 1,63+0,0 —34,2 N

* CpelHee 3HaYCHHUE 110 3 MapasuIe/IbHBIM H3MEPEHHUSIM + CTAHaPTHOE OTKIIOHCHHE.

** A — ommaue ot KoHTpois (%).

A —p <0,05 (o kpurepuro ManHa-Yutan); # — p < 0,05 (10 kpurepuro CThrOICHTa); OTCYTCTBHE 3HAYKOB " W/HJIM # 03HAYACT HEJOCTOBEPHOCTh PA3IMYHMS 110

OIHOMY JINOO 0OOMM KPHTEPUSIM.
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B nenoM pe3yabTaTsl 3KCIEPUMEHTOB IO 3arpsI3HEHUIO
nouBs! [1T'C B 1a00paTOpHBIX YCIOBUSIX ITPOAEMOHCTPHU-
pOBaJIM ONMACHY TOKCHUYHOCTh XJIOPUAHBIX PEareHTOB
JUISL paCTEHUH U MUKPOOPTraHU3MOB U MEHEE TOKCUUYHOE
JISHCTBHE alleTaTHBIX U (DOPMHUATHBIX peareHToB. I3 un-
cia xyopunHbeIx [1I'C Hanbosiee TOKCHYHONW OKa3ayiach
TEXHUUYECKasl COJIb.

Crumynsinuio GOpMHUATHBIM U alleTaTHBIM peareHTaMu
MTOYBEHHOT'O JBIXaHUS M POCTA PACTCHUH MOXKHO 00OBsIC-
HUTH JEMCTBUEM KaJlusl, BXOASILEr0 B COCTAaB 3TUX IIpe-
napatoB. B To ke BpeMs xaopuansie I1I'C cankanu stu
IoKa3aTesu, YTO COrjacyeTcsl C UCCIENOBaHUSIMU 3apy-
OCKHBIX yUCHBIX. YUHTEPC C KOJIJIETaMHU YCTAHOBUJI, YTO
anetatsl B coctaBe [II'C MeHee BpenHbI 1l paCTEHUH,
HEeXKeNU XJopuasl Hatpus [12]. XopHep Takxke mpuien K
BBIBOJLY, YTO all€TaThl B KOHIIEHTPAIUIX, UCIIOJIb3YEMBIX
B [IT'C, He HaHOCAT Bpe/la HA3€MHON PaCTUTENBHOCTH, 32
HCKJIIOUEHUEM TEX CIy4aeB, KOTJa UX BBICOKHE YPOBHHU
BBI3BIBAIOT OCMOTHYECKHUH CTpecc B KOpHEBOM 30He [11].
Ho u B 5TOM cilyyae onacHOCTB alleTaTOB HEOJHO3HAU-
Ha, NOCKOJIbKY OH SIBJISIETCSI IUTATEIbHBIM BEIIECTBOM
JUISI MHOTMX BUJOB MUKPOOPIraHU3MOB, @ CAMU PEAreHThI
00BIYHO pa3ziararTcs B TeueHue 2—4 uenens [10].

ITockonbKy 3UMOI IPOTUBOT0JI0JIEIHBIE PEAr€HThI OCTa-
IOTCSI B IOYBE U CO BPEMEHEM HaKaIlJIMBAIOTCS B HEH, TO

Jla)keé MUHHUMAJIbHBIE BHOCHUMBIE J103bI HEKOTOPBIX pea-
TEHTOB MOTYT CTaTh OMACHBIMU JJISI dKU3HEEATEIIBHOCTH
pacTeHUl U MOYBEHHBIX MUKPOOpraHu3MoB. OnHako 1O
OKOHYaHUU reprosaa oopadorok ynur [1I'C, B Teuenue Be-
TFeTAllMOHHOI0 CE€30HA, PEareHThl B IOYBE MOABEPratoTCs
JICHCTBUIO pa3IMYHBIX BHEITHUX (hakTOpoB. B wacTHOCTH,
knuMatudeckue ycnosus CeBepo-3ananaHoro peruona PO
XapaKTePHU3YIOTCs OOIBIINM KOTH4ecTBOM ocaikoB. C me-
JIBIO BBISIBIICHUS JUHAMUKU TOKCUYHOCTH 3arpsi3HEHHOU
IT"C nouBsI A1 pacTEHUN 1 MUKPOOPTaHU3MOB B TEUEHHE
BEreTAIlIOHHOTO C€30HA OBIIIN 3JI0’KEHBI MIOJIEBHIE OIBITHI.
Pesynbrarsl uTOTECTHPOBAHUS ITPOO 3arpsI3HEHHBIX
[1T'C nosneBbIX 1TOYB, OTOOPaHHBIX IO UCTEYECHNUN BEreTa-
LIHOHHOT'O Ce30Ha, IPE/ICTABJICHBI B TadyHIIe 4.

Kak Bunno, xk ocenu aeiictue xynopuaneix INI'C Ha
MPOPOCTKH MIIEHUIIBI B TOJIEBOM YKCIIEPUMEHTE CTAJIO, B
OCHOBHOM, MCHEE TOKCHYHBIM, YeM B JITAOOPATOPHOM DKC-
IIEpUMECHTE, a ¢ «buimodgurom» mIMHA KOpHEH axke mpe-
B3011JIa KOHTPOJIbHBIE TTOKA3aTEIIH.

CrereHbp YTrHETCHHUS PACTUTECIBHOW OMOMACCHI XJIO-
puansimu IIT'C Takke 3aMeTHO yMeHbIIMJIACh. JlelcT-
BHC XJIOPUOB MarHHs U KaJIbIIHs HA OMOMAacCy COOTBET-
CTBOBAJIO «IIPAKTUYECKU HE TOKCUYHOMY», KaK BUJIHO B
Tabmure 5.

Tabn. 3
JbIxaHue mouBbI (JIA0OPATOPHBII ONBIT)
Pearent Ho3a II'C, r/m? mr CO,/100 r cyxoli IO4YBbI B CYyTKH* A, Yo**
Kontposnb 0 28,0+£0,3 —
20 28,1 +1,0 +0,7
TexHuyecKas coilb 50 16,6 +£0,3 —40,7 N
150 13,1 +1,1 -532%
20 25,4+ 1,1 -9,5
bumodwur 50 27,1+1,2 -3.4
150 20,5+ 1,1 —26,4
20 422+1,2 +50,6 *
TOR 50 25,4+0,9 -9.,5
150 18,2+ 1,0 -352%
20 45,6 £ 4.4 +62,9 M
Hopngoii 50 329+2,1 +17.5
150 48,7 + 3,6 +73,9 "
20 44,1 £0,6 +57,3 1
Clearway 50 30,8 +1,3 +9,9
150 35,7+ 1,6 +27,4 N

* CpenHee 1o 3 onpeesieHUsIM £ CTaHAapTHOE OTKIIOHEHHE.

** A — OTIIMYUE OT KOHTPOJIS.

N —p <0,05 (o kpurepuo Manna-Yutan); * — p < 0,05 (0 kpurteputo CThIOIEHTA); OTCYTCTBHE 3HAYKOB * M/WiIH ¥ 03HAYAET HEIOCTOBEPHOCTD PA3IHIHsI 110

OIHOMY JINOO 0OOMM KPHTEPUSIM.
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Tabn. 4
BospgeiicrBue IIT'C Ha fJiMHY KOpHel IPOPOCTKOB BHICIINX PACTEHHH B M0JIEBOM OIbITE
Pearent Ho3a III'C, r/m? JniuHa KopHS, MM* A, Yo**
Kontponn 0 35,0+£0,2 —
20 23,0+0,3 —343 M
TexHuyecKkas colib 50 23,5+0,7 —33,0
150 17,6 £0,2 —49,8 M
20 39,4 +2,6 +12,6
Bumodur 50 322+1,6 -8,1
150 458 +2,1 +30,8 "
20 332+39 5,1
«BExuK» 50 28,8+ 1,6 —17,7 %
150 22,1+ 1,6 -36,9 M
20 26,2+ 0,4 25,1 M
Hopngoait 50 31,1+0,5 =[1.2 A
150 18,5+22 —47,2 ™
20 23,0+2,9 —32,8 M
Clearway 50 25,7+ 1,7 —24,9 ™
150 16,8 + 1,2 —50,9 "

* CpenHee 110 4 napauielibHbIM H3MEPEHUSIM £ CTaHaPTHOE OTKIIOHEHHE;
** A — ormune ot koHTpoutst (%);  — p < 0,05 (1o kpurepuro Manna-Yurtuu); # — p < 0,05 (o kputeputo CTbIOIEHTa); OTCYTCTBUE 3HAYKOB " M/WJU # 03HA4YaeT

HEAOCTOBEPHOCTD PA3JINYUs I10 OTHOMY 1160 06ouM KPUTEPUSM.

Tabn. 5
Bo3speiicTeue IIT'C Ha 6momaccy ra30HHBIX TPaB B II0JIEBOM ONbITE
Pearent Ho3za III'C, r/m? buomacca, r* A, Yo**
Kontponb 0 347,5+7,8
20 278,0+4,9 —20,0
Texuuueckasi coib 50 133,9+4,0 61,5/
150 49,8 +£2,2 —85,7 N
20 358,8 £ 25.4 +3,3#
bumodut 50 343,8 +£23.3 —1,1'%
150 272,5+25,3 -21,6*
20 362,5 £ 51,8 +4,3 #
Exxuk 50 333,8+£ 16,4 -39%#
150 250 + 28,1 -28,1%
20 216,2+ 5,4 -37,8
Hopnpoaii 50 251,4+7,8 27,7
150 66,9 + 2.4 -80,7 N
20 261,8+ 16,4 —24,7%
Clearway 50 303,0+£9,2 -12,9#
150 264,6 + 29,1 -239*%

* CpenHee 3Ha4CHHUE 110 3 TapauICIbHBIM H3MEPEHUSIM + CTaHAAPTHOE OTKIOHEHUE;
** A — omnane ot KoHTpoirs (%); ~ —p < 0,05 (1o kputepuro Manna-Yutan); # — p < 0,05 (10 xpureputo CTbIofeHTa); OTCYTCTBHE 3HAUKOB " H/YIIH # 03HAYaeT

HEJIOCTOBEPHOCTH PA3JINYHS 110 OHOMY JIHOO 00OUM KPUTSPHSIM.
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HexputnaHoe 111 MUKPOOOIICHO30B CHUKEHHE YPOB-
HsI TIOYBEHHOTO JBIXaHUSI OTMEUYAIOCh JINITh B BApUAHTE
CO CpPeTHUMU KOHICHTpaUHusIMu GopMuara, a B OTIACTb-
HBIX CITydasx (CpeIHsss KOHIICHTPAIUS XJI0pUIa MarHUs
¥ MaKCHUMaJTbHasl — alleTaTa) BhISIBJICHA HC3HAUUTEIbHAS
CTUMYIJISIITAST MUKPOOHOJIOTUICCKON aKTUBHOCTH.

Pe3ynbraThl MOJIEBBIX IKCIIEPUMEHTOB JIEMOHCTPUPY-
FOT 3HAYUTEIFHOE CHIDKCHUE TOKCHYHOCTH 3aTr PSI3HCHHOU
III"C ouBHI B TCUCHHE JIETa M OCCHU. Er0 MOXKHO 00BsiC-
HUTB, TJIABHBIM 00pa30M, BEIMBIBAHUEM COJICH XJIOPHUI-
HBIX [1I'C U3 BEepXHUX TOPU30HTOB ITOYBHI BHITIAIAFOIIH-
MH OCaJKaMu. Y aleTaTHBIX U (QOPMHUATHBIX PEareHTOB 3a
9TOT K€ TIEPUOJT OTMEUCHO HUBEIMPOBAHUC CTUMYITUPY-
FOIIIETO JEHCTBUS, UTO, ITO BCCH BUIMMOCTH, 00YCIIOBICHO
TeMH ke (haKTOpaMHu.

TexHUYECKasI COJb U B ATOM CJIydae CHIIbHEE MTPOUUX
XJIOPHUOB IMOAABIIsIa TA30HHBIC TPABBI, HO IPH CIA00H U
CpemHel KOHIICHTPAIIUX €€ BIUSHUE YKE HE MPEBBIINIAI0
CTCTICHA YMEPCHHOW TOKCUYHOCTH.

B T0 e BpeMs rmoiaBiIcHUE HaI3¢MHOM Onomacchl hop-
MHaTaMH 0CTaJOCh Ha MPEKHEM YPOBHE, a B Cirydae are-
TaTOB JIa)KE HEMHOT'O YCHITHJIOCH.

Uro kacaeTcss aKTUBHOCTH MHKPOOPTaHU3MOB, TO T10
OKOHYAaHHUH BEreTAI[MOHHOT'O CE30HA JICHCTBHE BCEX MPO-

THBOTOJIOJICTHBIX PEAareHTOB CTAHOBUTCS HEUTPAJIBHBIM —
OHU HE OKa3bIBaJIM CYLIECTBEHHOI'O BIMSHUS HA MHTEH-
CHBHOCTH IIOYBEHHOTO JbIXaHWUS (Ta0II. 6).

HccnenoBanust mokaszaiu, 4TO CTENEHb TOKCHYHOCTH B
6onpmnHCTBE 3arpsi3HeHHBIX [1I'C mpo6 k KoHITy BereTa-
LIMOHHOTO NTepHO/Ia CHIIKAIACH (32 EAMHUYHBIMH UCKJTIO-
YeHUSIMH). B 3TOH CBSI3M €CTh OCHOBAHUS CUNTATH, YTO
ncnonp3oBanne nmeromuxcs [1I'C mpu mpoMBIBHOM BOJI-
HoM pexxnme CankTt-IlerepOypra (n Bcero CeBepo-3amna-
HOT'O PETHOHA) HE SIBIISIETCS JUISl PACTEHUN Ype3BBIYaiiHO
OTNacCHBIM, KaK 3TO BHUJIUTCS I10 JaHHBIM JIA00PaTOPHBIX
9KCIIEPUMEHTOB, I'7ic KOHIEHTPAIINH 3aTr PSI3HUTEIST HEU3-
MeHHBL. TeM He MeHee, HeOOXOUMO YUNUTHIBAaTh U3MEH-
YUBOCTH BHEIIHUX (PaKTOPOB, HAIIPUMEP, BEPOSITHOCTH
3acylUIMBOTO JieTa. KpoMe Toro, M3BeCTHO, YTO MaKCH-
MaJIbHOE TOKCHYECKOE JeHCTBHE PEareHTOB MPOSIBIISIETCS
cpasy o OKOHYaHUHU CE30Ha IPOTHUBOTOJIONIETHBIX 00pa-
0OTOK, KOT/la pacTeHHsI BCTYNAIOT B NIEPHOJ aKTHBHOTO
pocTta 1 HanMeHee ycToWunBbl. COOTBETCTBEHHO, BPE
ot IIT"C B naHHOE BpeMsi MakCHUMaJeH.

TeHeHUMH pIHKA TPOTHBOTOJIONIEHBIX CPEICTB TAKO-
BBI, YTO XJIOPUHBIC PEareHThl 3aHUMAIOT CErOAHS JOMHU-
HUPYIOIIIEe MTOJIOKEHHE, TOCKOIBKY OHH 3aMETHO JICIIEBIIC
aneTaTHbIX U (hOpMHUATHBIX peareHToB. B wacTHOCTH, B

Tabn. 6
Abixanue 3arpszennoii III'C nousbl, mr CO,/100 r cyxoii 04YBbI, B CyTKH (I10J1€BOii ONBIT)
PearenTt Jo3a, r/m? mr CO,/100 r cyxoli IO4YBbI B CYyTKH* A, Yo**
KonTponn 0 9,7+ 0,9
20 9,9+0,9 +2,1
Texauueckas colib 50 10,6 + 0,7 49,3
150 8,7+0,8 -10,3
20 10,7+ 1,5 +10,0
bumodur 50 13,1 +1.8 +35,0
150 99+14 +2.,9
20 99+14 +2,8
E>xuk 50 9,3+£0,5 —4.3
150 10,5+ 1,4 +7.8
20 9,8+ 0,9 +1,0
Hopnpoii 50 10,1 £1,0 +4.,0
150 12,4+ 0,4 +27,8 *
20 8,5+0,5 -12,4
Clearway 50 7,6+0,1 21,6
150 8,5+1,2 -12,4

* cpennee 110 4 napaiuiesbbiM n3mMepenuam CO, + craniapTHas ommoka;

** A — OTIIMYUE OT KOHTPOJLS;

N —p <0,05 (1o kpurepuro Manua-Yutan); # — p < 0,05 (110 kpureprro CTbIOICHTa); OTCYTCTBHUE 3HAYKOB " W/WiIK # 03HAYACT HEAOCTOBEPHOCTh PA3IMYHUS 110

OZHOMY JIHOO 000MM KPUTEPHSIM.
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Cankrt-IletepOypre B OmmkaiinieM OymayIieM HE IIaHU-
pyeTcst OTKa3bIBaThCsl OT IPUMEHEHHS TEXHUYECKOW COITH
Ha MarucTpaysix ropoja (1o yTBepKJAeHUSIM paOOTHUKOB
COOTBETCTBYIOIINX cITyk0). OTHaKO IMpH BBIOOpE U3 XJI0-
PUIHBIX peareHTOB MPEIITOYTUTEIHHO HCII0IB30BaTh XJI0-
puasl maraus (peareHT «bumoduT» U cxoXxue ¢ HUM 110
xumuaeckomy cocrapy [1T°C). [Ins eme 6ombiiero cHuxe-
HUSI OTIACHOCTH JUTSI OKPY KaIOIIEH cpeibl IeJIecoo0pa3Ho
npuMeHeHue peareHToB « Hopasaii» n «Clearway».

IIpu pacuere koHueHTpanuii npuMenseMsix I1I'C cie-
JIyeT OpUEHTHPOBATHCS Ha Pe3yJIbTaThl JIA0OPATOPHBIX
9KCIIEPUMEHTOB, COTJIACHO KOTOPBIM PEKOMEHYEeTCsl He
MPEBBIIATH 10361 50 /M2

BBbIBOABI
— Anerarusle U popMuaTHbie peareHThl (« Hopasai» u
«Clearway») OpeaAcCTaBJIgAOT MCHBIIYIO 3KOJOTHYCCKYIO
OIIACHOCTH OJIA XU3HCACATCIBbHOCTU BBICHINX paCTeHI/Iﬁ
" MOYBCHHBIX MUKPOOPTraHU3MOB IO CPAaBHCHUIO C XJIO-
PUAHBIMU pCarcHTaMu.

— Cpenu xnopuansix [1I'C, npumensitoniuxcst B CaHKT-
ITerepOypre, xsopuns! Mmaruus («bumodury») okazanucs
MEHEe TOKCUYHBIMU B CPABHEHUH C XJIOPUAAMU KaJIbIIUs
1 HaTpHSL.

— B TeueHue BereTallMOHHOIO CE30HA TOKCUYHOCTH
xyopuanbix [II'C B nmouBe CHMXKAETCSA BCIEACTBUE BBI-
MBIBAaHUS UX COJEH U3 BEPXHUX MOYBEHHBIX TOPU30HTOB
ocankamu. TeM He MeHee, pEKOMEHAYETCs HE TOITYCKaTh
npessimernss kKoHuerrpanuu [1I'C 50 r/m?, KOTOpPYIO
MOXKHO CUUTAaTh MPUEMJIEMOH JJIsI UCIOJIb30BaHUS Ha
yaumax ropojios.

— Bo n30exaHne HaKOIICHU S OTIEIbHBIX XUMHYECKUX
9JIEMEHTOB B TIOYBE 1[€JI€CO00Pa3HO JTOBECTH YHCIIO TTPHU-
MensieMbIX [1I'C 10 yeThIpex-1siTv, 4ToObl UMETh BO3-
MOX>XHOCTb Y€pPEI0BATh UX IPUMEHEHUE.

— HManbpHedmue paspaborku B obnactu III'C mommk-
HBI OBITH HalpaBJICHbI HA PEareHThl KOMOMHUPOBAHHO-
0 cOoCcTaBa, KOTOPBIE MO3BOJISIIIA OBl 3(pPEKTUBHO TIIIa-
BUTB CHET U JIEJT U HE HAHOCUTBH IIPHU ATOM 3HAUYUTEIBHOTO
yiiep0a okpy karomieit cpese.
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CB43AHHBIE C YPBAHU3AIIUEN
DSAKTOPHI 3ABOAEBAEMOCTU
CAXAPHBIM AMABETOM IIEPBOI'O TUIIA
A.A. Conpyn!, UM. Akyausn!, B.U. Yrexun',
A.H. I'Bo3peuxun', A.Il. Yypunon! 2

! Cankrt-IleTepGyprekuii rocynapcrBeHHblii yauepceuret, Cankr-Iletepoypr, Poccusi; 2 Cankr-IleTepOyprexmii
HAYYHO-HCCJIe0BATeNbCKUI HHCTUTYT GTHsnonyibsMoHoaornu, Cankr-Ilerepoypr, Poccus
* On. nouma: lidas7@yandex.ru
Cmamus nocmynuna 6 pedakyuio 10.12.2018; npunama x newamu 26.12.2018

BoAbIast YACTh HACEASHMSI CeMYAC XXKMUBET B TOPOACKMX YCAOBMAX. IIpodMUAL 3ArpsisHEHM FOPOACKON CPEeABbI M3MEHSIETCS IOA BAMSHHUEM
AaBTOMOBGMABHOTO AOpPOxHOro kommnaekca (AAK). Ero BaxKHEMININM 3arpsisHAIOLIMM ITIPOAYKTOM CAYIKAT TBEPABIE IbIAEBBLIE YACTHUIIBLI, B COCTAB
KOTOPBIX BXOASIT AAIOMOCHMAMKATBL. MHOTME COeAMHEHMS AAIOMMHMS M3BECTHBI KAK AABIOBAHTEI, YCMAMBAIOINIME MMMYHHBIN OTBET, B TOM YMCAe
HA AYTOAHTUreHbl. CaxapHblit Auabet 1-ro Tuna (CAl) — ayrouMMyHHoe 3a6oaeBauue. lleab paboThl — U3YYUTH C MCIIOAL3OBAHMEM AQHHBIX
reouHpopMaLMOHHBIX cucTeM (TYIC) ocobeHHOCTH MeAMLIMHCKOM reorpadmumu CAl B Poccum U BRISBUTH CBSA3AHHBIE C YpOaHu3aimen GaxTopbl
TOBBINIeHMsT 3a6oneBaeMocTH. TAKOM MOAXOA AAS MCCAEAOBAHMS PACNPOCTPAHEHHOCTU AYTOMMMYHHBIX 60Ae3HEN paHee He IPUMEHSIACS.
UccaepoBana saboneBaeMocTb CAl B 83 pernonax Poccuitckon depepaumm B 2008—2017 rr. OTMeyweHbl 6onee yeM 20-KPATHBIE PA3AMYMST
MexxAY permoHamMu PP nio 3a6oaeBaeMocTu CAl. Camasn Beicokast oHA B [IckoBckom obaacTu (77,31 Ha 100 ThIC. HACEAEHMST), CaOMAST HU3KAS — B
Pecniy6auke AarectaH (3,56 Ha 100 Tbic. HACeAeHMs). YCTAHOBAEHBI AOCTOBEPHBIE KOPPeAsLInK MeXAY 3a6oaeBaeMocThIo CAl, reorpaduiueckoi
TIAOTHOCTBIO CETU ABTOMOGMALHBIX AOPOT C TBEPABLIM NMOKPLITHEM, €3KETOAHBIM BbIGPOCOM 3Arpsi3HAIOLIMX aTMOChepyY BelleCTB M3 CTALMOHAPHBIX
MCTOYHMKOB M KOAMYECTBOM aBTO6YycOoB Ha 100 Thic. HaCenreHM. DOPEKTH!I NepPBbIX ABYX GAKTOPOB MYABTUIIAMKATUBHBbIE, 3dPEKT TpeThero
GAAMTHUBEH K HUM.

Knroueswie cnosa: agmomoouibHO-00pOINCHBIL KOMNILEKC, 20INUOEMUONO2USL, AYMOUMMYHHbLE 3a001e6anusl, caxapHuii ouabem I muna, yp-

6&]”43[1141451, meep()hze nuljieesvie uacmuybl.

URBANIZATION-RELATED FACTORS OF THE INCIDENCE OF TYPE I DIABETES
MELLITUS

L.A. Soprun’, .M. Akulin!, V.J. Utekhin', A.N. Gvozdetskiy', L.P. Churilov"?
! Saint Petersburg State University; and 2 Saint Petersburg Research Institute of Phthisiopulmonology,
Saint Petersburg, Russia
* E-mail: lidas7@yandex.ru

Most people are living now under urbanized conditions. Air pollutants composition depends on highway network (HN). An important component of
HN-derived pollutants is solid dust particles (SDP), which contain aluminum silicates. Among aluminum-containing compounds, many are known
as adjuvants, which enhance immune responses, including those to autoantigens. Type 1 diabetes mellitus (DM1) is an autoimmune condition.
The objective of the present work is to use geoinformation system (GIS) data for examining the medical geography of DM1 incidence in Russia
as it relates to factors associated with urbanization. Such approaches were not employed eatrlier. SD1 incidence rates in 83 regions of Russia in
2008-2017 show that differences in the rates may be as high as more than 20-fold. The highest rate is in Pskov Oblast (77.31 per 100 000 people),
whereas the lowest rate in Dagestan (3.36 per 100 000 people). Significant correlations were found between SD1 incidence on one hand and HN
density, air pollutant discharges from stationary sources, and the number of buses per 100 000 population on the other. The effects of the first two
factors are multiplicative, and the effect of the third one is additive to them.

Keywords: highway network, geographic epidemiology, autoimmune conditions, Type 1 diabetes mellitus, urbanization, solid dust particles.
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BBeapeHUue

ITo mepe ycuneHust ypOaHU3AIMU U YBEIHYCHUS TIPO-
JIOJDKUTEIIFHOCTHU KU3HU PACTET JOJIS Ay TOUMMYHHOU
MaTOJIOT MU B CTPYKTYpe 3a00sieBaeMOCTH HaceneHust [17,
48]. HecMoTpst Ha ycniexy B TOHUMAHUU MMaTOreHe3a psijia
ayTOMMMYHHBIX 3a00seBanunii [17, 47], TpUYUHBI MHOTHX
M3 HUX OCTAIOTCS MpeAMETOM Iuckyccuit [14, 15, 43, 44,
46, 48].

B Poccuu kak 01HO# U3 caMBIX OOJIBIIIIX B Pa3HOOOpas-
HBIX TI0 IPUPOAHBIM U aHTPOIIOTCHHBIM YCIOBUSIM CTPaH
MHpa BOIPOCHI MEIHUITMHCKON reorpadu U ee CBS3U C
3a00JICBAEMOCTBIO TPATUITHOHHO ITPUBJICKATH BHUMAHUC
YUYEHBIX, 9TO 00yCIOBHIO (pOPMUPOBAHNE CHIIBHON Ieo-
SITUIEMUOJIOTHYSCKON IIIKOJIBI, OJTHOW M3 CTapeUITNX B
mupe [11, 18].

['eosneMUOIOTUYEeCKHI MTOXO0]] TIO3BOJIUIT BEISIBUTH
MIPUYUHBI PA3BUTUS U PACIPOCTPAHCHUS TaKUX WH(PCK-
IIMOHHBIX 3a00JIeBaHNM, KaK OpyIesnies, TPUII, KJIeme-
Boii sH1IedanuT [1, 6, 10]. ['eonHpopmannoHHbIe CHCTEMBI
('MC) ycenrHo mMpuMeHSITACH JIUTS U3YYCHHS 3aKOHOME-
HOCTEH NPOCTPAaHCTBEHHO-BPEMEHHOI'O PACIpEIEICHUS
MIPUPOJTHBIX OYAaroB CHOMPCKOM SI3BBI M JUISI TIPEIyIIpe-
JIUTEIBHOr0 3MHUIEMHUOJIOTMYECKOTO HaA30pa 3a 4yMOH,
OpromHBIM TH(OM, XOJIEpOH, reMOpparuuecKo Jnxo-
paiKoil ¢ MOYEUHBIM CHHJPOMOM, a TaK>Ke JJIsl Maciop-
TH3aI[UH 0YaroB TyJsipeMuu u Ooose3nu Jlaiima [1, 6, 10,
31]. Eme oguH npuMep OMOMETUIIMHCKOTO MTPUMCHCHUS
I'MC-TexHOMI0TuN — U3y4YEHUE CUCTEMBI OOpAILEHHUsI C Me-
TUIIMHCKIMH OTXOJIaMU U pa3paboTka quddepeHIInaib-
HBIX CXeM MX YTHUJIM3ALUHU 15 Kax10ro peruona P® [13].

Hcnonp3oBanue ['MIC-TexHOMOrMit MO3BOJISIET:

- AHAJIM3UPOBATH (C YUETOM PaH)XUPOBAHUS U JTH-
HaMUKH) HeMH(EKITHOHHYFO 3a00JICBAEMOCTh HACCIICHUS
1 MEJUKO-JIeMorpauecKre MoKa3aTeln pa3InaHbIX pe-
THOHOB;

— aHaJIM3UPOBATh KaYECTBO CPe/lbl OOUTAHHUS: aT-
MOC(hEepHOTro BO3yXa, TOYBBI HACEJIIGHHBIX MECT, BOJbI B
cHUCTEeMaxX LIEHTPAJIN30BaHHOTO BOJOCHAOXKEeHUs (C yde-
TOM PaHXHPOBAHWUS, TUHAMUKHU U PACIIOJIOKCHUS UCTOY-
HHUKOB 3aTrpsi3HCHUS);

- 000CHOBBIBATH MEpbI CAHUTAPHOW OXpaHbI Tep-
PUTOpPUI C yUETOM PacnpoOCTPAaHEHHOCTU IPUPOIHO-0da-
TOBBIX MH(EKINH U reorpaduu X OYaros;

- aHAJU3UPOBATh MHPEKIIMOHHYIO U Tapa3uTap-
HYO 3200JI€Ba€MOCTb HaceJIeHHUs (C yUeTOM paHKHUpPOBa-
Hus ¥ tuHamMukn) [11].

B HOBOII MeUITMHCKOH 00J1aCTH — 2y TOUMMYHOJIOT U
[17] — TUC no HaAcTOAIIETO BPEMEHU HE MPUMEHSIINCH.
OnHa U3 NpUYUH — OTCTaBAaHHUE CYILECTBYIOIIUX PEIYK-
LMOHHUCTCKUX KJlaccupuKkanuii 00Je3Hel OT pa3BUTHUS
COBpeMEHHOH OnomennuuHbl. bone3nn kinaccupuuupy-
IOTCSl U YYUTBHIBAIOTCSl OPHUIIMAIIBHOM d1HUIEMHOIOTnYe-
CKOM CTaTUCTUKON B OCHOBHOM, KaK U MOJIBEKa Ha3a/l, o
opraHaM u cucremaM. B To ke Bpems, okono 90 3a60-
JIeBaHUM, ayTOUMMYHHBIH [TaTOr€HE3 KOTOPBIX JTOKa3aH,

JIUCTIEPTUPOBAHBI [0 CaMbIM Pa3HBIM I'pyNIIaM HO30JI0-
THYECKUX €IMHUI] — OT KOKHBIX JI0 ICUXUYecKuX. Toraa
Kak ITOJIBeKa Ha3aJ MpeacTaBlIeHNus] 00 ayTOMMMYHHOM
MaTOJIOTMU CBOJMIINCH JUIIb K HETYTaM, HaXOSIIHUMCS
B chepe KOMIIETEHIINY PEBMATOJIOT OB, TETIEPh CTAJIA sICHA
eZIMHasi ayTONMMYHHasl IpUpoJia MHOTHX Oosie3HeH, He
MOJUJIEKAIINX PeBMATOJIOTHUYecKoMY yueTy. Mcronp3oBa-
HHE MEAMKO-TeorpaduuecKoil CTAaTUCTUKH JUISI aHaIu3a
3a00JIeBa€MOCTH ayTOMMMYHHBIMHU OOJIE3HSIMH B OO0JIb-
WX TOMYJISIIIUAX IPEICTABIISIETCS BEChMa NEPCIEKTHB-
HBIM.

Poccust (P®) — camass oOmupHass cTpaHa Mupa
(17125191 km?), TAe MpencTaBJICHBl caMble pa3HbIe MpU-
poxHo-reorpaduyeckue 30HBI — OT ApPKTHYECKOH 10
cyOTponndeckoi, Tpu HaceileHun Ha kouer] 2017 r.
146880432 yenoBeka [2]. CouuanbHO-?KOHOMHUUYECKOE
pa3BUTHE U CTEIICHb ypOaHU3aIu pa3HBIX perHOHOB PO
BECbMa HEOJTHOPOJIHEI, JI0JISI TOPOICKOT'0 HACEIICHUS B HUX
cocTaBisieT 74% 1 IOCTOSTHHO pacTeT [2].

Jloka3zaHo, UTO 3arpsi3HCHUE BO3/yXa OKa3bIBaeT BIIU-
STHUE HE TOJIBKO HA OPTaHbl JbIXaHUsI, HO TaKXXe Ha 00JIb-
LIIMHCTBO APYTUX OPraHOB M CUCTEM opraHusma [21, 33,
37, 42]. ITo ouenkam BO3, okosio 500 ThIC. ciiydyaeB cMep-
TH OT paka Jerkux u 1,6 MUJIJIMOHA CIy4aeB CMEPTH OT
XPOHUUYECKOM OOCTPYKTHBHOU OOJIE3HM JIETKMX MOTYT
OBITH CBS3aHBI C 3arpPsI3HEHUEM aTMOC(EPHOTro BO3yXa.
Kpome aToro, 3arpsizHenue Bo3ayxa nposouupyet 19%
CIy4aeB CMEPTH OT BCEX CEPJIEYHO-COCYAUCTHIX 3a00Je-
BaHui U 21% cMmepTenbHbIX UHCYJIBTOB [21, 42].

[Tornomaemple paronuTaMu IbIXaTEIbHBIX Ty TEH MbI-
JIEBbIE MHUKPO- M HAHOYACTHIIBI CIIOCOOHBI BBI3BIBATH
CTOHKHE U3MEHEHHUSI B HUMMYHHOH CHCTEME, CITIOCOOCTBY-
IOIIUE Pa3BUTHUIO ajuieprudeckoro punura [26]. [ocae
BO3zAeicTBUs TBepAbIX nbuieBbix yactull (TIIY) B um-
MYHHOU CHCTEME MOT'YT IPOUCXOINTH Pa3HOHAIPABIICH-
HBIE U3MEHEHMU S, 3aTparuBarolife MeXxaHu3Mbl 1 dQdek-
TUBHOCTh UMMYHOJOTUYECKOHN TOJEpaHTHOCTH [21, 24].

[IpeameTom aHanm3a B HacTosmIel padoTe Oblia 3a00-
JIeBaeMOCTh caxapHbIM auadbeTom 1-ro tuna (C/1), mpak-
THYECKHU ISl BCEX CIIydaeB KOTOPOTO JIOKa3aH ayTOHUM-
MYyHHBIN naToreHes [17], cBs3aHHBIN C AeliCTBUEM Kak
MIPUPOJIHBIX (HAIIPUMED, BUPYCHI), TAK U aHTPOTIOT€HHBIX
(HUTPO3aMHHBI, MENTHABI alIbOyMUHA KOPOBBETO MOJIO-
Ka, HEKOTOpEIE JieKkapcTBa) hakTopos [16, 31]. 3aboneBa-
emocth C/I1 B P® pactet, ocoOeHHO cpenu aeteit [18, 35].
Lenb nccmeaoBaHus COCTOsIa B BBISIBICHUN (DaKTOPOB
TOPOJICKOM Cpeibl, BIUSIOMUX Ha 3a0oieBaemocth CJI1
B Poccun.

MaTepuaAbl ¥ METOABI MCCA€AOBAHUS

B kauecTBe aHanm3upyemMoii Oblia B3sita rpyrma «Bce
Hacesienre P®y (iuna, npoxuBaromue Ha TEPPUTOPHHU
P® c poxnaenust unu B reuenue 10 net u 60osee), a B kaye-
CTBE M3y4aeMOro IoKazaTes — 3a001e6aemMocmsy ¢ Gnep-
svle ycmarnogieHHbIM ouacnozom C/[1 na 100 meic. Hace-
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nenus (nanee —incidence Kak 3aBACHMasi IepeMeHHasl B
Mozenu). Bpemennoit nepuoa nzydenust: ¢ 2008 mo 2017 r.
BKJIFOUNTEINIBHO (IIPH 3TOM CTAaTHCTHUKA IO 3arpsi3HEHUIO
ob1s1a yurena ¢ 2005 mo 2015 1.).

HccnenoBanue oxBaThIBaJO BCIO TEppUTOpUIO PD —
Llentpansnbiii, CeBepo-3ananusiii, FOxHbIi, CeBepo-
Kagska3sckwuii, [IpuBomxkcknii, Ypanbckuii, CHOUPCKUH,
JlanbHEBOCTOUHBIH (henepatbHble OKPYTH — 110 83 perno-
HaM, BXOAUBIINM B cocTaB P®D c roma Havamna mccieno-
BaHUS.

3aboeBaeMOCTh B KaXX10M pernoHe PO paccuntsiBaim
110 TAHHBIM O(HUIINAIBHBIX COOPHUKOB CTAaTUCTUUECKUX
MaTepuaion PO!4,

YYuTHIBaINCh CIEAYIONIEe BO3MOXKHBIE (DaKTOPHI 3a-
60J1€eBaeMOCTH:

* KOJIMYECTBO BBIOPOCOB 3arpsi3HSIONINX BEIIECTB B
aTMOC(EpHBII BO31yX OT CTAlHOHAPHBIX MCTOYHHUKOB B
Ka)kJIOM PETHOHE OTJEJIBHO B ThICsiuaxX TOHH ¢ 2005 mo
2015 1. (manee — air Kak mapamMeTp MOJEJIH WIJIH BEIOPO-
CBI 3arpSI3HSIONINX BEIIECTB B aTMOC(EPHBII BO3/IYX KaK
110Ka3aTeb);

* KOJINYECTBO 3arpsi3HEHHBIX CTOYHBIX BOJ B KaXKIOM
peruone PO B otaenbHOCTH B MHJITHOHAX M? ¢ 2005 1o
2015 r. (manmee — water Kak mapaMeTp MOICITU WIH 3arpsi3-
HEHHBIC CTOYHBIC BOJIBI KaK MI0Ka3aTellb);

* reorpaduueckas IIOTHOCTH CETH JOPOT OOIIET0 I0JIb-
30BaHMsI C TBEPJBIM MOKPBITHEM, B pacueTe Ha 1000 km?
110 001Iel MPOTSKEHHOCTH Jtopor Ha KoHer) 20052015 r.
(manee — road xak mapaMeTp MOJICIU HITH TNIOTHOCTH CETH
JIOPOT OOIIEro IMOJIb30BAHUS C TBEPAbIM MOKPBHITHEM KaK
IMOKa3aTeb);

* KOJMYECTBO aBTOOYCOB OOINEro IOJIb30BAaHMSI Ha
100 TBIC. HaceneHus (Hanee — bus Kak mapamMeTp MoJie-
JIM WJTH KOJINYECTBO aBTOOYCOB OOIIETO MOJIb30BAHMUSI KaK
OKa3aTeb).

IIpenBapuTenbHO B KaXK/10M PETHOHE METOIOM CKOJIB35I-
mero cpeanero (rolling mean) [53] moacunTsiBamm Briep-
BbI€ BhIsiBIeHHbIE ciiydyan C/1 Ha 100 ThIC. HaceneHuUs B
HU3y4yaeMblil IEPUOS.

OnmucarenbHasl CTaTUCTHKA BKJIIOYalia B cedst pacue-
THI CPETHETO apUPMETHUECKOTO U CTAHIaPTHOTO OTKJIO-
Henusi (Mean + SD), menuans! ¥ 1-ro 1 3-ro KBapTHiIeH
(Median, [Q1;Q3]) u ykazaHus Ha MUHUMaJIBHOE U MakK-
CUMaJIbHOE 3Ha4eHUs (min-max).

! TocymapctBennslit gokaan. O cOCTOSHUN 1 00 OXpaHe OKpYyXKaroIei cpe-
1el Pocceniickoit @eneparyu B 2016 roxy. Mocksa: 2017.
2 Beemupnas Opranusarnus 31paBooxpaHens. MOHUTOPUHT KauecTBa BO3-
JtyXa JUisi OLICHKH BO3JeicTBus Ha 310poBbe. 2001. https://apps.who.int/
iris/handle/10665/276778
DenepanbHas  ciayxba rocymapcerBeHHoil  cratmcrtuku - (Poccrar).
Craructideckuii coopHuK pernonst Poccnn. CoruanbHO-9KOHOMUIECKUE
nokazarenu. 2009, 2012, 2014, 2016. Mocksa: Poccrar, 990 + 1090 +
1180 + 1200 p.
* 1leHTpasIbHBIH HAYIHO-UCCIICOBATEILCKUI HHCTUTYT OPTAHM3AINH 1 HH-
(opmarnsaruu 3apaBooxpanenus. Craructuyeckuil Matepuan. Mocksa:
2008-2016.

3

JIsst BBISIBIICHUSI BIMSTHUSI U3y4YaeMbIX (PaKTOpPOB Ha
3abosieBaemMocth CJ{1 MCmonb30BasICsl perpecCHOHHBIN
aHann3. BeiOop perpeccuoHHoOi MoJieu Ob1T 00yCIIOBICH
TEM, 4TO 3a00JIeBaEMOCTH SIBJISICTCS TUCKPETHON HEOTPH-
narenbHOi BenmnunHOU. LIImpoko ucronszyemast Mozelb
[Tyaccona B JTaHHOM CiTy4ae He IPUMEHSJIACh, TOCKOJIBKY
OCHOBaHWM CUNTATh, UTO CPEITHEE M JUCIIEPCUS] MEXKTY
coboii paBHBI, He Ob10. [ToaTOMY OBLITa BEIOpaHa OTPH-
naresbHas OMHOMHAIbHASI MOZACNb (negative binomial),
C TIOMOIIBI0 KOTOPOW MOXXHO YUHTHIBATH U30BITOUHYIO
JIMCTIEpCHI0 JaHHBIX (overdispersion), 9TO MO3BOJISIET 11O~
JIy4aTh HECMelIeHHbIe oleHKu [39, 52].

Ha nepBoMm 3Tare cTaTUCTHYECKOro aHalin3a BhIOpaH-
Hble (aKTOPBI BKIIOYAIUCH B MO/IeJIb, I/le YUTeHBI Bce
BO3MOKHbIe B3aMMO/eiiCTBUS MEKAY HUMH (MoAeIb
1), MOCKOJIBKY TPEAIOIIaraaoch, 4YTO COBOKYITHOE BIIH-
stHue (aKTOpOB OoJiee 3HAUMMO, YeM BIIUSTHUE KaXKJI0TO
(akTopa B oTnenpHOCTH. Tak Kak KpUBBIE pacrpenese-
HHS BEJITUYUH U3y4aeMbIX (PaKTOPOB 3aMETHO CMEIICHBI
K HYJIIO, 9TU BEJIMYHMHBI OBUIH IPEBAPUTEIBHO MPOJIO-
rapugmupoBanbl. OIICHKH pa3HbIX MOJIEJICH TPOU3BOIH-
nu B cpeae R version 3.5.2 [45] npu nomomu GpyHKIUN
glm.nb(MASS) [51]. Cunrakcuc pyHKIUN ObLI clieny-
FOIIUM:
fit <- glm.nb(incidence~log(bus)*log(road)*log(air)*log
(water)+offset(log(1000))).

Jlamee mpou3BOAMIICS MOUCK ONTHMAIBHBIX MOjeeH
TIPH TIOMOIIH MTPOLIELY Pbl 00paTHOM MONIAr0BOM perpeccuu
(stepAIC) u mpu MOMOIIN PyYHOTO OOHOBIICHHS MOJICIH
(update.formula(fit)). J{sist onrcanust 0TOOpaHHBIX MOJICIICH
HCIIOJIB30BAJIMCH: TapaMeTp pacrpeaeneHus 0, morapudm
MakcuMasibHOrO rpasaononodus (Log-Likelihood, LR),
otkioHeHue (deviance), creneHb cBoOomb! (d.f). BeiGop
HaWJIy4IIed MOJIeNH JIJIst OObSICHEHHSI TaHHBIX OCHOBBIBAJI-
Csl Ha HAMMEHbBIIIEM 3HaYeHUH HHPOPMAIIHOHHOTO KPHUTE-
pust Akanke (AIC). Ha ocHOBE KO3((UITHEHTOB perpecCHu
JIydlled MOJIeTIu pacCUuThIBascad KO3 GumueHT 3ad0J1e-
BaemocTH (incidence rate ratio, [IRR — cm. Hrke) u ero 95%
noseputenbHblid nHTEepBad (CI). Pesyibsrar cunranu craru-
CTUYECKH 3HAYUMBIM TIPH BEPOSITHOCTH OIIMOKH ITEPBOTO
pona (p) menee 0,005 [22].

Pe3yAbTATHI

BrIsiBIIeHBI CyIIEeCTBEHHBIE pa3jIM4us Mo 3aboJieBa-
emoctu C/I1 mMexny pa3sHbeiMu peruoHamu P®D (puc. 1).
Tax, MakcuMyM 3a00J1€Ba€MOCTH OBbLIT 3apETUCTPUPOBAH
B IlckoBckoii oomactu (77,31 Ha 100 ThIC. HaceJICHU ), 3HA-
YHUTEIBHO HIDKE 3a00JIeBaeMOCTh B 3ananHoii Cubupu u
Ha [OTre CTPaHbl, a MUHUMAaJICH 3TOT IIoKa3aTenb B Peciry-
omuke Jlarecran (3,56 Ha 100 ThIC. HaceICHUS) — pa3in-
yust 10 6onee ueM 20-kparabix! Ha puc. 2 mokazan HeKo-
TophIi poct 3a0oseBaemoctu CJI1 Ha Tepputopun PO ¢
2008 o 2017 1.

Janubie no 3abosesaemoctu C/I1 u BBIOpaHHBIM ypOa-
HUCTHYECKUM (pakTOpam mpencraBieHbl B Taom. 1.
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Puc. 1. Pasnuumsa no sabonesaemoct CL11 B pasHbix permoHax PP

155

15

14,5

14

135

13

12,5

12

2008 2009 2010 2011

Puc. 2. Pocr umcna enepsbie BoiseneHHbix cnydaes C1 Ha 100000 yenosek B rpynne «Bce Hacenenne» Ha tepputopum PO ¢ 2008 no 2017 r.

B Tabin. 2 npencraBieHbl K03 PUIIUESHTH pEerpeccu-
OHHBIX YpaBHEHHUH Aj1s Mozeneil 1-6. YcTaHOBIIEHO, UTO
MoJienb 1, BKiTIovaromas B cedst coueTaHue Bcex BhIOpaH-
HBIX ypOAHUCTUUYCCKUX (PAKTOPOB, HE CONCPKUT CTATH-
CTHUYCCKH 3HAYUMBIX KO3(PPHUIIMCHTOB, CBA3BIBAIOIINX UX
COYCTaHHOC BIIMSHHUE C 3a00JIeBaeMOCThI0. Monenu 2-5,
TMOJIyYEHHBIE B XOJI€ MTPOIIEe/Iy phI ITOIIAroBOro 0TOOpa, He
coziepKaT MHPOPMAIIUK O BIUSHUM KOJIUUYCCTBA 3arpsi3-
HEHHBIX CTOYHBIX BOJI HA YpOBeHb 3a0osieBaemocTu C/I1.
Kaxxnas 3 moxeneii 1-6 000CHOBBIBAET OJMH U3 6 Clie-
JIYIOIIUX BBIBOJIOB.

1. HeT cBsi3u Mexy KOMOMHUPOBAHHBIM OOIIIUM BITHSI-
HHEM BCEX YPOAHUCTUYCCKUX (DAKTOPOB U YPOBHEM 3a-
ooneBaemoctu C/1.

2. IInoTHOCTH aBTOMOOMIIBHBIX JOPOT M KOJIUYCCTBO aB-
TOOYCOB BIHSIOT Ha 3a00oseBaemocTh CJI1.

2012

3abonesaemMoctb
Ha 100000

HacesneHusa B rop,

10
20
30
40

| |
~NOo O
oo

y=0,1588x+13,429

R?=0,5631

2015

2013

2014 2016 2017

3. BiustHHe IIIOTHOCTH aBTOMOOMIIBHBIX JIOPOT, KOJTHUYC-
cTBa aBTOOYCOB W 3arpsi3HEHHOCTH BO3/1yXa Ha 3a0o-
neaeMocTh CJI1 MyJIbTUIIIMKATUBHOE.

4. BausiHUE 3arpsiI3HCHHOCTH BO31lyXa U IUIOTHOCTH aB-
TOMOOHMJIBHBIX JOPOT, a TaK)Ke HE3aBUCHMOC BIIUSTHUC
KOJIMYeCTBa aBTOOYcOB Ha 3aboisieBaemocTh CJI1 MyIib-
TUIJTUKATUBHOE.

5. BausiHue kojm4yecTBa aBTOOYCOB M IMJIOTHOCTH CETH
aBTOMOOMJIBHBIX JTOpOT Ha 3a0oseBaeMocTh CJI1 Myb-
TUIUTUKATUBHOC, BO3MOXXHO aJJIUTUBHOC BIIUSHUC
YPOBHS 3aTrPSI3HAIONINX aTMOC(epy BEIISCTB Ha 3a00-
neBaemocts C/1.

6. BiusiHue 3arpsi3HCHHOCTH BO3/lyXa M KOJIHWYCCTBA aB-
TOOycoB Ha 3abosnieBacMocTh C/I1 MyJIBTUILTUKATHB-
HOEC, aJI/TUTUBHO COYCTAIOIICECS C BIUSIHUEM IIJIOTHO-
CTH aBTOMOOHUJIBHBIX JTIOPOT.
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Tabn. 1
3aboneBaemocts CJI1 M 3HaYeHHSI BO3MOKHBIX ypOanucruuecknx pakropos CJ1 na reppuropuu PO
Cpennee
Ilepemennas apudmMeruyeckoe .
P — IToka3arennb cpelHeKBaIpaTHIHOE Menunana [Q1;Q3] Pa3opoc
OTKJIOHEHHE
Yucno ciryyaeB BIEPBbIE
incidence JquarnoctupoanHoro C/I1 15,41 £9,87 13,02 [9,50;17,69] 5,52-77,31
Ha 100 ThIC. HaceneHus
bus ‘ncro asTobycos obmero 125,22 + 56,85 110,86 [94,71;136,86] | 49,00-407,00
TOJIb30BAHUS
[TT0THOCTH CeTH IOPOT 00MIETO .
road TIGITT, 46754 BT € T T T T 197,62 £ 178,57 172,71 [91,57;251,43] | 17,14-1294,00
water 3arps3HEeHHbIE CTOYHBIE BOJIBI 133,50 + 172,00 86,91 [52,00;150,73] 0,45-1254,55
air - SODOERIGARp B ONISOE SIS CiE 201,49 + 154,09 164,00 [93,60;258,00] | 26,55-742,64
B aTMOC(EPHBINA BO3IyX

Tak kak MuHumasibHoe 3Hauenue AIC corimacHo pac-
yeTram OKasaJloch y modeau 4, ee cieayeT NpPHU3HATh
onTUMasbHOW. /laHHAsT MONIE)Ib CBS3BIBACT POCT 3a00-
neBaemoctu CJI1 ¢ OQHOBPEMEHHBIMHU YBEIUUYEHUEM
obecrnieyeHHOCTH Hacenenust aprooycamu (IRR = 1,62
(1,23-2,16)) 1 poCTOM CTEIICHH 3arpI3HEHHOCTH BO3/1yXa
" reorpaduyeckoii moTHoctH nopoxxHoi cetu (IRR =
1,03 (1,01-1,05)).

O6cy:xxkpeHHMe

CriefyeT mpesJie BCero MmojauepKkHyTh, YTO MOJYUYEHBI
JIOCTOBEPHBIC CBUJIETEIBCTBA pOCTa 3a00JICBAEMOCTH
CA1 B PO 3a uzyuennsiii nepuoy (puc. 2).

HawubGosee BbICOK ypoBeHb 3abosieBacmoctu CJI1 B
ITckoBckoii 06s1acTH. DTO MOXKET OBITH CBSI3aHO C OCO-
OEHHOCTSIMH TPAHCIOPTHOI'O MOTOKAa 4epe3 ropos. Tak,
yepe3 IlckoBckyro oOmacte u IIckOB mpoxonsiT aBTO-
MarucTtpaiu, cBszpiBatoine MockBy ¢ Puroii, CaHkT-
ITeTepOypr ¢ Oneccoii, BuibHrocom, Puroii, JIbBoBOM,
KanuHuHTpagoM, a Takke OOJIBIIIOE YHCIIO JKEJIE3HOI0-
POKHBIX MaplIpyTOB U3 POCCHHCKHUX CTOIHI] B KPYITHBIE
3apyOexHbIe IeHTPbl. OCHOBHBIMH HCTOYHHKAMHU TIOCTY-
TUICHUS 3aTrpsI3HSIONINX BO3/yX BemecTB B IIckoBe siB-
JsitoTest TpaHenopt (79% BBEIOPOCOB) M TPOMBIIILIICHHBIE
npeanpusaTyus. He MeHbITNI HHTEpEC MPEACTABIISIOT 1aH-
HBIE 110 PETHOHAJIBFHOMY MHJIEKCY IPOU3BOJICTBA B chepe
JIeSITeNIBHOCTH «Jl0OBIua 1Moe3HbIX UCKOMaeMbIX (KpoMe
TOIIMBHO-9HEpreTudecKkux)». B 2006 1. 5TOT HHAEKC CO-
craBui 113,4%, B 2007 rony — 130,8%. 1o utoram 8 me-
csizeB 2008 1. aToT nHAekc B [IckoBckoil 001acTh BEIpOC
Ha 68,7% k cooTBeTcTBYMOmEMY nepuoay 2007 r., u 310
OBLI caMbIll BRICOKUI ITOKa3aTesb 1Mo PO.

Hamum nanHble CBUAETEIBCTBYIOT O MYJIBTHUILINKATHB-
HOM BJIMSIHUU 3arpsI3HEHHOCTH BO3]lyXa U reorpaduye-
CKOM IJIOTHOCTH CETH aBTOMOOMJIBHBIX JIOPOT C TBEPABIM
MOKPBITUEM, a TAaK)KEe O HE3aBUCHMOM BJIMSIHUHU OTHOCH-

TEJIPHOTO KOJIMYECTBA OOIICCTBEHHBIX aBTOOYCOB Ha 3a-
6oseBaemocts C/I1.

ABTOMOOUMIM3AIIHS H3MCHIIIA CIICKTP MAaTOJIOTHICCKHUX
COCTOSIHUM y miofiei. Hamum npanesnsl, He 3HaBIIKE aBTO,
acdaypbTa, OCH3MHA, TCTPAITHICBUHIIOBBIX MIPHUCATIOK U
TOPMO3HBIX KOJIOJIOK, IICPEABHUTAINCEH Ha Jiomassx. Car,
SIITY P U MEJTHOU 103 OBLIIM TOT/Ia pacpOCTPAaHCHHBIMU 3a-
00JICBAaHUSIMU HE TOJIBKO y KOHCH, HO U Y JIFOJCH, TPaBMBI
MpephIBAI Kaphepy MHOTUX 3HATHBIX KaBaJICPUCTOB, a
BOT OHKOJIOTUH KaK OTJCIbHON MEIUITUHCKOW TUCITATLITH-
HBI JIO SITOXHW aBTOMOOMITH3AIUH HE CYIICCTBOBAJIO, B TOM
YHCIIC ¥ TIOTOMY, YTO MOPAKEHHOCTH HEOILTACTUYCCKUMU
3a00JeBaHMUsIMH ObLIIa KyJ1a MEHBIIE COBPEMEHHOM.

PazButue AJIK npoucxoaut BO BCeM MHUPE U CONpPO-
BOJKJIACTCSI YCUJICHUEM 3arpsi3HCHU ST aTMOC(EPHOTO BO3-
nyxa [4, 5, 7, 8]. [lo narabiM DenepanbHO CITyKOBI TO-
cynapcTBeHHOM cratuctuku PO, ¢ 1970 r. aBTonapk PO
yBennumiics B 47 pas, B Mockse u Cankr-IleTepOypre — B
20 u 25 pa3 coorBercTBeHHO [9]. B EBpone B HacTosiee
Bpemst HacuuThiBaeTcs oT 480 mo 600 aBTomoOuel Ha
TBICSYY 4YesoBeK. [JopoKHO-TpaHCTIOpTHASI HHPPACTPYK-
Typa KPYIHBIX TOPOA0B Poccuu COOTBETCTBYET YPOBHIO
apromooOmm3anyuu 60—100 aBromo6uneit Ha 1000 xure-
neit. Kputuueckuii ¢ TirU€HUYECKO TOUKH 3pEeHUsl ypo-
BeHb oreHuBaeTcs B 170—180 apromoomiteit Ha 1000 xu-
tenedt [S5, 9, 12, 19]. Hons BBEIOPOCOB 3arpsi3HSFOIINAX
BCIIESCTB B aTMOC(EPHBIN BO3yX OT aBTOMOOHIIBHOTO
TpaHCIIOPTa IO CPABHEHUIO C IIPOMBIIIICHHBIMHU BBIOPO-
camu npessimaeT 94% [4, 7, 8].

ITo nurepatrypubiM nanHbiM, AJIK cllyXUT UCTOUHHU-
KOM HECKOJIBKUX BHJIOB 3aTrPSI3HSIONINX BEIICCTB. DTH 3a-
TPS3HUTEIIN 00Pa3yIOTCs B Pe3yibTaTe psiaa GU3NIeCKUX
B3aMMOJICHCTBHI, B TOM YHUCJIC TPCHUS IIUH 00 achabT,
Y B OTOM Cjly4yae poJib UT'PAIOT, B YACTHOCTH, Pa3IUUHUs
IMIMHHBIX MMPOTEKTOPOB B 3aBUCHMOCTH OT BHJa TPaH-
CIOpTa, TOPMO3HAs CUCTEMa U JOPOKHOE MOKphITHE. [Tpn
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Tabn. 2
3aBucumocth 3a0o0ieBaemoctu C/I1 oT ypoéanucTuueckux pakropos

Mapamer Mopean 1 Mogaeian 2 Mopaean 3 Mogaean 4 Mopean 5 Mopneasn 6

p p (b (s.e.)) (b (s.e.)) (b (s.e.)) (b( s.e.)) (b (s.e.)) (b (s.e.))
- 7,21 0,12 0,14*
(32,40) (0,06) (0,06)
bus 1,34 0,50%** 0,48%**
(41,64) (0,14) (0,14)
15,57 0,18** 0,19**
road (37,37) (0,06) (0,06)
12,90
water (40.95)
air:road 0(8?0*5*
air:water (73610%

o -1,23 0,04%*x*
bus:air (7,09) {0,01)
road:air (46‘21050)
road:water (_75’9288)
bus:water (%2’9235)

. -3,04 0,05
bus:road (8,10) {0,01)
bus:air:road 0(80080*5*
bus:air:water 0,59 (1,53)
bus:road:air ((1)’2(1))
bus:road:water (% ’%)
road:air:water (% ’%g)
bus:road: -0,23
air:water (0,30)

—12,24 -1,21 IV —0,37 0,77 0,71
Korcranta (191,11) (0,71) (0,20) (0,65) (0,39) (0,39)

XapakrepucTHKH Mojesiei

0 (s.e.) 6,45 (1,04) 5,77 (0,93) 5,46 (0,88) 5,73 (0,92) 5,52 (0,89) 5,45 (0,88)
deviance (null) 121,57 108,85 102,86 107,95 104,10 102,73
d.f. (null) 72 72 72 72 72 72
deviance 74,88 75,10 75,22 75,11 75,19 75,22
d.f. 57 69 71 70 70 70
LR -731,96 —736,22 —738,40 —736,54 —737,94 —738,45
AIC 1497,92 1482,43 1482,81 1481,07 1483,88 1484,90
*—p<0,05; ** —p <0,005, *** — p <0,001; Cokparenus: b — koadduimeHT perpeccu, s.e. — CTaHIapTHAS OIIHOKA,
0 — mapameTp pacnpenencuus, deviance — nesuanc, d.f. — crenenu cBoOopI, null — Hynb-3HaueHwe, LR — morapudm
MaKCHMaJIbHOTO npaBononoous, AIC — uadopMaoHHbIN KpUTepuid AKauKe, p — BEPOSITHOCTh OIIUOKHU TIEPBOTO POAA.
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TPEHHUH TPOUCXOUT PA30TPEB TPYLINXCS TOBEPXHOCTEH,
BCJIEZICTBHE YET0 00pa3yeTcst O0IBII0E KOIMYECTBO MEJI-
KHUX YaCTHI COIIPSIKEHHUSI.

ABTOOYCHI 3aHUMAIOT B 3TOM CMBICIIE 0CO00€E TI0JI0XkKe-
HHe. B cry crennduky sKCriTyaTallid UM HaJI0 4acTo
TOPMO3UTH, Y HUX OOJIBIIINE IIMHHBIE TPOTEKTOPHI, U OHU
WMEIOT HauboJiee TECHBIN KOHTAKT C TBEPABIM ITOKPHITH-
eM acansToBEIX nopor. [Ipu pabore aBTOOYyCOB 00pa3zy-
ercst orpomHoe konuuectBo TIIY paznuunoro auameTpa
[7]. TBepmoe MOKPBITHE — 3TO MpeEXk e BCero acaibT. Ac-
(haspT cocTonT U3 cMecu OMTYMOB C MUHEPaJIbHBIMU Ma-
TepHajlaMu: TpaBUEM U MEeCKOM (IieOHEeM MM T'paBUEM,
IIECKOM M MHUHEPAJIbHBIM MOPONIKOM B MCKYCCTBEHHOM
acdanpre). AchanrsToOeTOHHASI CMECh — OTO CTPOHUTEIb-
HBIH MaTepHaJl B BUJE YIUIOTHEHHON CMECH IeOH S, TIecKa,
MHHEPaIBHOr0 TopoIka u outyma. [Ipu skcruryatanumu
aBTOTPAHCIIOPTA Ha JJOPOrax ¢ ac(habTOBBIM TOKPBITHEM
Temieparypa koHTtakta gocturaet 40 °C u BbIlIe U yBe-
JINYUBAETCS ITPU PE3KOM TOPMOXKEHHH HITH HA000pOT IpH
PE3KOM Ha)KaTHH Iefainu raza. Takum oOpa3oM U mpouc-
xoauT oOpa3oBanue u popmuposanne TITY [4, 5].

Pazputne AJIK npuBOJUT B 30HE €ro BIUSIHUS K U3-
MEHEHHMSIM TPOdUIIS 3arps3HEHUsI OKPY KaloIeH cpenbl,
B TOM YHCJIC TOSIBJICHUIO COCIMHEHUHN TSIKEIBIX METall-
JIOB M TMOJULMKIMYECKUX apOMATHYECKHX YTIJIEBOJOPO-
noB B coctase TIIY pa3Horo nuamerpa [24, 25], koTOpbIE
00pa3yloTcs He TOIBKO B pe3yJIbTaTe CropaHus TOIJINBA,
HO TaK)Xe B XOJI€ OKCIUTYyaTallMOHHOT'0 H3HOCA JIOPOYKHOTO
TTOKPBITUSI, TOPMO3HOH CUCTEMBI U IIHH, IPOTEKTOPOB, B
3aBUCUMOCTH OT THUIIAa aBTOMOOHMJIBHOIO TPaHCIIOpTa [5,
7,12, 19].

JlaHHbIe TUTEpaTypbl CBUICTEILCTBYIOT O TOM, YTO
asponosuitoTanThl B Bujae TIIY, B yacTHOCTH — cojep-
JKalue KpeMHUH, alIFIOMUHHI, CBUHEI U JIp. — 0COOEHHO
€CJIM JISHCTBYIOT Ha ()OPMHPYIOIIHIICS OPraHu3M C JeT-
CTBa, HE TOJILKO CIIOCOOHBI HAPYIIUTH PA3BUTHE JIETKUX
W IBIXaTeJIbHON (PYHKIIMH, HO U IPOU3BOIST CUCTEMHBIE,
B TOM YHCJIE OTIOCPEJIOBAHHBIC Yepe3 MUILY M KUIICYHY O
MHKPOOHOTY, 3((EeKTHI B IPYyTUX OpraHax, BIJIOTH JI0 Ha-
PYIIEHUS ICHXOMOTOPHOT'O Pa3BUTHS U UMMYyHHUTETa [9,
20, 28, 29, 34, 36]. MexaHu3Mbl BO3MOKHOT'O BJIUSIHUS
adpOIOJLTIOTAHTOB Ha Ay TOMMMYHHTET MOTYT OBITH pa3-
HBIMH: aIbIOBAHTOII0/I00HOE JIeHICTBIE, MHTYKIIUS TAKUX
Moau(pUKAIUNA aHTUTEHOB, K KOTOPBIM HE TOJIEPAHTHBI
JTUMQOLUTHI OpraHNu3Ma, MOSIBJICHNE HEOAHTUTCHOB B pe-
3yJIbTaTe JACHCTBHSI aKTUBHBIX KHCIOPO- U TajOreHCO-
JIEpIKAIINX PaJuKaioB U HHBIX MEUAaTOPOB BOCIIAJICHU I
[3, 30] u ip. DPPexTs TPH ITOM MOTYT OBITH pa3HOHA-
MPaBJICHHBIMHU M HETPUBHUAIBHBIMHU: TaK, HeZaBHO B ['ep-
MaHHUU ObliIa MOKazaHa oOpaTHast CBSI3b MEXK/y CTETICHBIO
9KCITO3UIIMU 030HOBOMY 3arpsI3HEHHIO U CPEIHECPOUHOM
MeTabonuueckoi nekomreHcarueir C/1, omeHeHHOH 110
KOJIMYECTBY TJIMKMpPOBaHHOro remoriiobuna [40]. Panee
paAa aBTOpOB, B yacTHOCTH, B ['epmanunu, Kanane u Hra-
nuu, Haxoauiu cBsizb CJ{1 ¢ 3arpssHeHueM armMocdepsl

WJIA cOO0IIAIIN 00 OTSITOLICHUHN TeYSHU S 3TOTr0 3a00JIeBa-
HUS IpH asponoutroru [23, 25, 27]. Coob1manock o ToMm,
4TO aTMoc(hepHbIe 3arpsiI3HEHNS] 0COOCHHO CYIIECTBEHHO
Biusin Ha pa3Butue CJI1, eciau ux aelcTBUe NPUXOAU-
JIOCh Ha paHHUH JCTCKUU BO3PACT WM WHTPAHATATIBHBIN
niepuon [32, 35, 38]. B negaBuux (2018 1) nccienoBanusix
MMOJBCKUX aBTOPOB OBIIH MOKAa3aHBI pa3IMdus 1Mo 3a00-
neaemoctr C/1 THNa B 3aBUCHMOCTH OT CEIBCKOT0 UITH
TOPOJICKOT0 TIPOKMBAHMS, B IIOCIIEHEM cilydae 3adoJie-
BaeMOCTh ObLIIa Topa3no Beimie [49, 50].

B cBeTe BEINICNIPUBECHHBIX JAaHHBIX MOHSTHBI H BBI-
SIBIICHHBIC HAMH JOCTOBEPHBIN MYJIBTHILTUKATUBHBIH (-
(heKT 3arpsI3HEHHOCTH BO3/1yXa U KOJINUECTBA aBTOOYCOB
W aJITATUBHBIA 9P PeKT reorpadnueckoil IIOTHOCTH CETH
aBTOMOOWJIBHEIX JOpOT Ha 3a0oneBaemocTth CJI1.

3aKAlOUeHue

[Toxazano BiHMsiHUE YpOAHUCTHYECKHX (DAKTOPOB Ha
Bo3HuKkHOBeHUe C/[1 y Hacenenus PO.

CymrecTBeHHBIC (PAKTOPBI, CHOCOOCTBYOIIHAE 3200-
nesaemoct C/I1, cBs3ansl ¢ AJIK — reorpaduyeckoit
IUIOTHOCTBIO CETH aBTOMOOMJIBHBIX JOPOT C TBEPIBIM
ITOKPBITHEM U OTHOCHTEIIBHBIM KOJIMYECTBOM aBTOOYCOB
B pernoHe. MyJIbTHUIIJIMKATUBHOE K HUM BIIMSIHUE HA 3a-
6oneBaeMocTh CJ/I1 0Ka3bIBalOT BHIOPOCHI 3arPSI3HSIIOIIUX
BEILECTB B aTMOC(EPHBIN BO3AYX.

Jist packpbITHS MEXaHU3MOB y4acTHsl aHTPOIIOIEH-
HBIX (PaKTOPOB B NAaTOre€HE3€ ayTOMMMYHHOTO TIOpake-
HHS OCTPOBKOBBIX B-kiteTok npu passutun C/1 Tpedyer-
cs DKCIEpUMEHTaIbHOE MozienupoBanue neicreus TITY
Ha [MaHKpeaTH4eCKne OCTPOBKH MOOIBITHBIX )KUBOTHBIX.
[To naHHBIM JINTEPATYPBI, Y MBIIICH dKCIIEPUMEHTATBHBII
CI1 1 asponoiaOTaHThl IU3EJIBHOIO TOMJINBA OKa3bl-
BaIOT B3aMMHO OTSTONIAIOINIEE BIMSHUE HA TIOPAKECHHE
OpPOHXOJIErOYHOT 0 anmapara 1 HaHKpeaTH4eCKHX OCTPOB-
koB [40, 41].

®dakTopsl ypOaHHU3ALNH SIBISIOTCS KOHTPOJIUPYEMBIMH,
W, CJIeJ0BaTEIbHO, MHOTHE U3 DTUX HEOIarompHsTHBIX
TTOCJIEJICTBHI JUISI 3/I0pOBbSI MOT'YT OBITH IIpEIOTBpAaIle-
Hbl. B nanpHelinemM HeoOX0AUMO U3YYNUTh METUITHHCKY IO
reorpaduio Ipyrux ayTOMMMYHHBIX 00J1e3HEH B KOHTEK-
CTe BIIMSIHUS pErHOHAIBHBIX (PAaKTOPOB, CBSI3aHHBIX C yP-
OaHu3anuen.

YBepoMAEHME
ABTOpBI BHECJIM CIENYIONIMA BKJIax B paboTy:
JLA. ConpyH — aHanm3 »>HOHAEeMUOIOro-reorpadu-

YECKUX HCTOYHMKOB, IOJCUETHI, HAaNMCaHUE TEKCTa;
A.H. T'Boznenkuii — maremarnueckasi o0paboTKa TaHHBIX;
N.M. AKkynuH — aHaJIM3 3T JEMHUOIOT NUECKON JINTepaTy-
py1; B.W. Yrexun — pegaktuposanue texkcta; JL.IT. Uypu-
JIOB — MJ€s U TU3aiH HUCClIeIOBaHU s, aHAJIU3 INTEPATyPbl
T10 MaTOJIOTUH, PYKOBOACTBO pabOTON I'PYIIIIBI.

Pabora nogaepsxana rpantom [IpaBurenbcTBa PO, KOH-
TpakT 14.W03.31.0009.
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COBbITMA N KOMMEHTAPUM

K 90-AETHEMY IOBUAEIO MAPI'APUTBHI
AMUTPUEBHBI YUMIIEBOU
H.B.Tepexuua!', U.H.Cadpouona? U.A.Kopuaruua'

'Cankr-IleTepOyprekmii rocynapcrBennblii yauepeutet, Cankr-Ilerepoypr, Poccus
’boranunyeckuii uncTuryT um. B. JI. Komaposa, Cankr-Ilerepoypr, Poccust

2018 rox — roOuneiupIi st Mapraputsl JIMUTpHUEBHBI
YbumiieBoid, KpyIMHEHIIIETO pOCCUHCKOTO CITCIIHAIACTa B
o0JyacTH OMOTr€OXMMHUH PaCTEHUM.

M. . Youmuesa ponrnack 16 mekadps 1928 r. B . Cum
YenstonHckoit o0nactu. Emie yyach B ikoJie, oHa caMOCTO-
STEIFHO ONPEIeNNiIa MECTO CBOCH JalibHEHIIeH yueOn! 1 B
1946 r. npuexana B MOCIEBOCHHBIN JIeHUHTpaj OCTynaTh
Ha reorpaduuecknii hakynsreT JIeHUHTpaJcKoro rocyaap-
CTBEHHOT'O YHHBEPCUTETA. YIKe TOTIa OHa 3HaJIa, 4TO OyIeT
y4auThCs Ha Kadenpe OoTanmdeckoi reorpadun. B 1951 r.
Maprapura YpumIieBa oKOHIHIA 3Ty Kaeapy C OTITHINEM
1 ObLIa peKOMEHI0BaHa B acnupanTypy. Ee pykoBonurenem
Ob11 3aBenyromuii kadenpoit npod. A.A. Kopuarun. Kan-
JaTcKas Juccepranus ObuIa MOCBSIICHA UCCIIeIOBAHUIO
PacTUTENBHOCTH cTenHOro KpeimMa B CBSI3U CO CTPOUTEINb-
ctBoM CeBepo-KpbeIMCKOro kaHasia 1o 3aJJaHUI0 KPBIMCKHUX
obnacTHBIX opranm3aunii n I'mmpoBonxionka. Crpou-
TEJIBLCTBO Hayajioch B 1952 r. COBMECTHO ¢ MOYBOBEAOM
H.H. I3enc-JIutosckoit M.J1. YpumiieBa npuHsijia yqacTue
B COCTaBJICHMH KPYITHOMACIITAOHBIX KapT PaCTHUTEIIHHO-
CTH U [TIOYB TEPPUTOPUHU CTPOUTENLCTBA. 3AIUTHUB B 1954 1.
KaHAUAATCKYO0 quccepranuio «3yuenne u kKapTUpOBaHUE
pacturenasHOCTH cTenHoro Kpeiva», M. /1. Ydumuesa naua-
Ja paboTy Ha Kadenpe B JOTKHOCTH accucTeHTa. B 1965 T.
OpLIa M30paHa JIONEHTOM IO KOHKYPCY, a B 1966 1. yTBEp-
JKJIeHa B yYeHOM 3BaHUH JlonieHTa. Mapraputy JIMutpres-
Hy cBs3bIBatoT ¢ CankT-IlerepOyprekum (JIeHnHTpaacKkum)
rOCy/IapCTBEHHBIM YHUBEPCUTETOM MOYTH 60 JIeT, U3 HUX
50 set — ¢ kadenpoit OoTaHUYECKOI reorpaduu reorpa-
(hnyeckoro daxynereTa, r7e oHa npopabdoTana 1o 1996 r.

3a CBOIO MHOTOJIETHIOIO IeIarornueckyto pabory Map-
raputa /IMurpueBHa pa3zpaboraia u nmpounTtana 16 Kyp-
coB: «borannueckas reorpadus», «buoreornenonaorus»,
«MeTtoasl 60TaHMKO-TeorpaduUecKUX UCCIIEAOBAHUI,
«PacturenpHble coobmiecTBa», «borannueckas reorpa-
uss CCCP», «l'eoxmmuueckasi 3KOJIOTHUS PACTCHUI»,
«PuTonHAUKATOPBI», «CUCTEMaTHKa BBICIINX pacTe-
HuY, «YdueHue o ouochepe» u np. K ceoum kypcam oHa
BCEr/la OTHOCHJIACH KpaiiHe OTBETCTBEHHO.

Mapus JIMUTpUEBHA — NIPUPOXKACHHBINA MEeJaror, U co
CTYJEHTaMH y Hee BCerja CKJIa bIBaJINCh IPEKPACHBIE OT-
HOILIGHH S, HECMOTPS Ha €€ BBICOKYIO TPEOOBaTEIHLHOCTh
(HEKOTOPBIM CTYACHTAM PUXOJIUIIOCH ISl CIaYH dK3ame-
Ha WJIM NIOJIyYeHU s 3aueTa BecTpedarses ¢ M.J[. HeCKoJIbKO
pa3). OHa MOCTOsIHHO 3a00THUJIACH O CTYJICHTaX, BHUKaJa
B UX NPOOJIEMBI M cTapaliach, O BO3MOYKHOCTH, TIOMOYb,
yuusia CTyA€HTOB HE TOJBKO CIIEIUaIbHOCTH, HO U IJIaB-

Maprapura AmutpuesHa Yumuesa

HOMY — OTHOILICHHIO K TpyAy. K Kak10# KypcoBoi oHa OT-
HOCHJIACh KaK K CEpbe3HON HayYHOH paboTe, MOMHOT'Y pa3
BBIYMTHIBAJA UX, OTTAYWBaJIa C aBTOPOM KXKAYI0 pasy.
BrlnonHeHHBIE T10/] €€ pPyKOBOICTBOM pabOTHI CTYICHTOB
OBLIIM HarpakJIeHbI MefassiMu 1 nuruiomamu | u 11 crene-
HEel Ha TOPOJCKHUX U BCecoro3HbIX KOHKYpCax.

Haunnas ¢ acniupantckux set, M.J[. Ypumnena Bena
y4eOHYI0 ¥ ITPOU3BOACTBEHHYIO IOJIEBBIC MPAKTHUKU CTY-
JICHTOB, a BITOCIIE/ICTBUN ObLIa PYKOBOAHUTENIEM MPAKTHK.
Ona npoBOAMIIa TPAKTHKY HE TOJIBKO ¢ OOTaHHWKO-reorpa-
(bamu, HO ¥ CO CTYJICHTaMH JpyTHX Kadeap — OkeaHoJIoraMHu,
KJINMaTosoramu, reomopgosuoramMu u jip. M ko Bcem Obla
OJIMHAKOBO TpeOoBaTeIbHa, JKeJlas HAyYUTh X OHUMATh
3aKOHOMEPHOCTH Mpupoasl. Maprapura JIMuTpHeBHa OT-
JINYaiach yJIMBUTEIBHOW HEyTOMUMOCTBIO: Pa0OUHii 1eHb
HauunHajcs B 8—9 vacos, 3akanumuBascs B 21-22 yaca. Bech
JICHb OHa OblJ1a CO CTYACHTaMHU: YNTAaa JEKIHH, TPOBOAMIIA
9KCKYPCHH, OIPEAEIsIa paCTeHNUsI, 3aHUMaJIach IIPOBEPKOI
pabotsl Opuraz (a Opurabl Toraa ObUIH IO JIBa YEJIOBEKA).
Takast BRIHOCJIMBOCTb IIOCTOSIHHO TTOJIZICP’)KUBAJIACH 3aHITH-
SIMH CIIOPTOM: CIIepBa OHa 3aHMMaJIach CIIOPTUBHON T'MMHa-
CTHKOH, BBICTYTIaJIa 32 KOMaHAYy YHHUBEPCUTETA HA Pa3HbIX
COPEBHOBAHUSIX, 3aTeM NIEPEKIIOUNIIACH HA a3POOUKY.

B 1968 r. M./I. Ypumiea onyonukoBaiia «Kparkoe
PYKOBOJICTBO TIO MIPOBEJCHUIO JIETHEH y4eOHOH MpaKTh-
KU 110 OOTaHUYECKOH reorpaduu», KOTOPOE JI0 CUX TOP
SIBJISIETCS IPEKPACHBIM Y4E€OHBIM MOCOOMEM I10 MTPOBE-
JICHUIO JICTHEW NMPAKTUKHU M0 OOTaHUYECKOH reorpaduu
Ha (akyJbTeTe, U HE OJHO MOKOJICHHUE C TIOMOIIIBIO ATOMH
PpaboOTHI MMOJTyYHIIO CBOM 0A30BbIC 3HAHMSI.

DOI: 10.24855/biosfera.v10i4.466
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Mpmorwue rogst Maprapura JIMUTprueBHA KypHpOBaa CTy-
JIEHYEeCKNH Hay4YHBIH KPY>KOK Kadeapsl, B KOTOPOM yua-
CTBOBAJIM CTYICHTHI BCEX KypcoB. B 3TOT mepuon xu3Hb
Kpy>KKa OMIIa KIIF0UOM, SHTY3Ha3M KypaTopa 3a>KUraj CTy-
JICHTOB: OHH JIeJIaJTl MHTEPECHBIE JIOKJIaabl O MPaKTHUKaX,
00cy X1l Cepbe3HbIE TEOPETUIECKHE TPOOIIEMBI.

M.A. Youmuesa HenpepsIBHO padoTaia HaJ MOBBIIIE-
HHEM CBOEH KBaJIM(PUKAIIMH, pacIIupsijia 3HaHUSI B 00-
smactu 0OTaHWKHU, OOTAHUYECKON reorpaduu, IOYBOBE-
JICHUSI, TIOYBEHHOI'0 aHaJIN3a, MMOCTOSHHO 3aHUMaJIach
Hay4YHOW pabOTOM, y4acTBYsI B MHOTOUHCIICHHBIX JKCIIe-
JUIUSX U TyONnuKys cTaThu. Bo Bcex ee paboTax 4yBCT-
ByeTCsI INTyOOKO€ 3HAaHWE MaTepuala, YeTKOCTh B U3JI0Ke-
HHUH MBICIIH, TITyOWHA PACKPBITHS TEMBI.

ITepBsie HayuHbIe uccienoBanust M. J1. YpumiieBoii ObLTH
CBSI3aHBI C N3yYEHUEM PACTUTENIFHOCTH cTenHoro Kpeima,
BITOCJICJICTBHH, TI0/1 BIMSIHUEM SIPKOT'O YEJIOBEKA U BBIJIAI0-
IIErocst y4eHOro JJOKTOpa reoJIoro-MHHEPaIor NYeCKUX HayK
Muxaunna Muxaitnosuua EpmonaeBa, Maprapura JIMmutpu-
€BHa yBJIEKJIaCh OMOr€OXUMUEH, KOTOpas CTalia ee Ipu3Ba-
Huem. B 1963 r. BbIluIa n3 revaTy ee rneppast myOIuKaus
110 ATOMY HayYHOMY HaIlpaBJICHUIO: «bHoreoxnMmuueckme
WCCIICIOBAHMSI M MHAMKATOPHAS POJIb PACTUTEIBHOCTH ITPH
MOMCKAaX IMOJIE3HBIX UcKonaeMbix Ha FOxHOM Ypane». OHa
MIPOBOMIIA HAYYHYIO PA0OTy IO OMOTCOXUMHYCCKHIM TOU-
CKaM TI0JIE3HBIX UcKkonaeMbIX B [Iprnanoxne, Kapennu, Ha
Komnbsckom monyoctpoe, Tumane, B OpeHOyprckoit ooma-
ctu. Ee nccnenoBanust B 0051acT OMOreOXMMUH PacTeHUH,
TEOXMMHUYECKOH KOJIOrMH U pa3padOTKU OMOreoXHMHYe-
CKHX MTOMCKOB ITOJIE3HBIX MCKOITAEMBIX ITOJTyYHITH BEICOKYTO
OIIGHKY B Hay4HBIX Kpyrax. Kak KpyIHBIH crieruanuct B
9TOM 0ONacTH OHa BXoamia B coctaB Hayunoro coera AH
CCCP o mpobyieMmaM MUKPO3JICMEHTOB B OUOJIOT MU ¥ ObLiTa
YJIGHOM OJHOHM M3 ceKIMi MeKBEIOMCTBEHHOIO HAyYHO-
TEXHUYECKOTO COBETA 110 KOMIIJIEKCHBIM ITpo0JIeMaM oXpa-
HBI OKPY>KaIoIeH IPUPOIHON CPE/Ibl U PaIlliOHAIBHOTO HC-
TI0JIb30BAHMSI IPUPOJTHBIX PECypCoB MpH ['ocynapcTBeHHOM
xomutere CCCP no Hayke U TEXHUKE.

M. Youmuesa — oguH u3 co3aareneii Cankr-Ilerep-
Oyprckoii OMOr€OXMMHUYCCKOW IIKOJIBI, MPU3HAHHON B
Hay4HBIX Kpyrax Hallei cTpaHbl u 3a pyoexom. [lox ee
PYKOBOJICTBOM HAaITHMCAHBI ¥ YCIEIIHO 3alINIICHBI KaH 1~
narckue nuccepranuu H.C. [luxosoit, M.I. OnekyHoBOI,
J.B. Mockosuenko, H.B. Tepexunoii, C.A. banaps — cnie-
LMAJIMCTOB, pabOTAIOIINX HBIHE B pa3HBIX KOHIax Poccum.

Bce Bpems pabotel Ha akynereTe M.JI. mpoBoamIia ak-
THBHYIO OOILIIECTBEHHYIO JIESITEIBHOCTD: SIBJISLIACH YICHOM
METOJIMUECKON KOMUCCHH (DaKyJIbTeTa, PeCceaTeeM rpy-
il HapoHoro koHnTposist akyisreTa, a c 1980 1. Bo3riiasis-
Jla oprkomuccuio npu komurete Hapognoro koutposst JIT'Y.
OHa Tak:ke sIBJIsUIach MpeceiaTeNIeM IEPBUYHON OpraHu3a-
Uy oo1ecTBa «3HaHUe» Ha reorpaduueckoM (GaxysbTeTe.
Jlonrue roapl Obu1a 3aMectuTeneM npexacenarens Cosera 1o
9KOJIOTHYECKOMY MPOCBEILECHUIO NTPH NpaByieHuH Beepocenii-
CKOro 00IIecTBa OXpaHbl IPUPOJIBI, IEKAHOM OOIIECTBEHHO-

'O SKOJIOTHYecKOoro (aKyibsreTa npu JloMe HayYHO-TeXHUYe-
CKOI1 poraranipl. B TedeHue JUMTebHOTO BpeMeHH Obliia
OeccMeHHBIM cekpeTapeM (uocodckoro ceMuHapa s mpe-
rojaBaTeneii pakyyprera, NpaBoi pyKol ero pyKoBOIUTENS
mpodeccopa O.A. [Ipo3nosa. [IpoBojiia 04cHb HHTEPECHEIC
3acelaHusl, OpPraHN30BbIBaJIa HAyYHO-(QHIIOCOCKIe TOKIa-
161, He Oe3 ee esiTelIbHOrO yuacThs 3TH CEMHHAPBI TPOX0-
Jvn He (hopmainbHO, a Oy pHO U HHTEPECHO.

C 1991 no 2004 r. M.JI. YdumueBa Oblta crapiium Ha-
y4HBIM coTpyAaHukoM B HUMW 3eMHOI KOpBI MM. akaj.
@.1O. JleBuncona-JIeccunra CIIOI'Y, rae Bena He TOJIb-
KO Hay4YHYIO pa0oTy, HO W IIOJIEBBIE MCCJIEJTOBAHUS CO
CTYZICHTaMH U PyKOBOJNJIA KyPCOBBIMH M JUIIJIOMHBIMH
paboTamu CTy/IEeHTOB Ha Kadeape SKOJIOTHIECKOH Teoso-
ruu reonorunueckoro gakympreta CIIOIY.

B 2000 r. M. I. mpoBo/#IIa KOMILJIEKCHBIE KOO 0-0HOTreo-
XUMHYECKHUE NCCIIEJOBAHHS B 30HE TEXHOT€HHOT'O BO3/ICHCT-
BHUSI METHO-HUKEJIEBOT'0 TOPHO-METAILTY PrU4eCKOro KOMOH-
Hata «Hukenp» OAO «I'MK Ileuenranukensy. Pe3ynbraTsl
OITy OJTMKOBaHbBI B pab0oTe « IKOJIOIMUECKOE COCTOSTHHE 03epa
Kysrcwsipeu u npuneratomeit repputopumn» (CI16., 2003).

Haunnas c xonna 1980-x onHUM U3 HanpaBICHUM HayU-
HOI1 nesitenbHoCTH M. /1. siBiisieTcst 9KOPUTONHAMKAIIUS B
CBSI3H C OLIEHKOM 2KOJIOFHYECKOr0 COCTOSIHUS TOPOJCKON
cpeabl Ha IpuUMepax OTAENbHBIX paiioHoB CaHkT-IleTep-
Oypra. Ha ocHOBaHMH COOpaHHBIX MaTepHasIoB B COaB-
topctBe ¢ Tepexunoit H.B. Oblna n3gana Monorpadust
«DPUTOMHAUKALHUST DKOJOTHYECKOTO COCTOSIHHSI ypOo-
reocucteM CankT-IletepOypray» (2005).

[Tocne yxona u3 ynuepcuteta Maprapura JIMutpreBHa
MPOIOJKAET BECTH aKTHUBHYIO HaydHYIO XW3Hb. OHa
BBICTYIIACT C JJOKJIaIlaMH1 Ha POCCHUUCKHX U MK Ty HAPOIHBIX
CUMIIO3MyMax M KOH(pEpeHUHSIX 10 OHOreoXuMHH,
TEOXMMHUH, JIHCTAaHIMOHHBIM METOJaM HCCIIEIOBaHMUS
(Mockga, 2013, 2016; CankTt-ITetepOypr, 2018; Bena, 2015,
2018). OHa ynTaer JeKru no (GUTOMHINKAINH, YIaCTBYET
B JKIOPH INpPHU TPOBEJACHUN TOPOJICKUX M OOJIaCTHBIX
OJIMMITHAJT TIO JKOJIOTUH, SIBJISIETCS YJIEHOM PEAKOJIErUU
KypHasa «brnocdepar, k Helt 0OpanaroTcs 3a TOMOIIBIO U
KOHCYJIBTAIIMEH CTYIEHTHI U KOJIJIETH.

M. . Ypumriieroit onyonukoBano 6osiee 100 HayuHBIX
pabot, 3 MoHorpaduu, 2 yueOHbIX TocoOusl, | yU4eOHUK.
B 2012 r. ona nonyuuna braronaprocts ot MHCTHTYTa
FeOXMMUHM U aHaIUuTH4Yeckoi xumuu uM. B.11. Bepnazacko-
ro 3a (hyHJaMEHTAJIBHBIN BKJIAl B pa3BUTHE OMOT€OXUMHH
W TEOXMMHUYECKOHN IKOJIOTUH PACTCHHI C BpyUEHHUEM I1a-
MsATHOM Menanu Bukrtopa Bnaaucnasosuua KoBansckoro.

Maprapura JIMuTpueBHa yBiI€U€Ha HE TOJIBKO HAyYHO-
MeIaroruyecKoi 1esTeIbHOCTHIO — OHA BCEria )KUBO MH-
TepeCcOBAJIACh U HHTEPECYETCS TUTEPATY POH, TOCTOSHHO
XOZUT Ha KOHIIEPTHI KIACCUYECKOM MY3BIKH U JTIOOUMBIX
apTUCTOB, BCIO )KU3Hb YBJIEKAETCS 0aJIETOM.

Mper xenaem Maprapute JMUTpHUEBHE KpENKOro
37I0pOBbsI, JKM3HEHHOTO ONTHMHU3Ma M JajJbHEHUIINX
TBOPYECKHUX YCIIEXOB!
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CBEL’IEHIMI/95 ABTOPAX

AKYJIUH

NroPb MUXANNOBNY, L
OOKTOP MeAVULMHCKUX Hayk, npodec-
cop, 3aBegywwuin kadepapom opra-
HM3auMn 34pPaBOOXPaHEHUA U Me-
OVLUMHCKOTO npaBa lOPUANYECKOro
hakynbTeTa CaHkT-lMeTepbyprcko-
ro rocyfapCTBeHHOro yHMBepcUTeTa
(CNéry). OkoHumn Kypckuii rocyaapcTBeHHbli

MeAUNLUUHCKUI UHCTUTYT B 1973 I. MO CNeunanbHOCTN «ieyeb-
Hoe geno». B 1996 r. nonyuun BTopoe BbiCliee o6pa3oBaHne B
CN6IY Ha topuanyeckom chakynbTeTe No CneumanbHOCTN KIOpuU-
cnpyaeHuua». B 1973-1974 rr. Ha4yan TpyaoBYIO AeATesibHOCTb
B JIEHWHIPaACKOM UHCTUTYTE YCOBEPLIEHCTBOBAHUSA Bpayen-
3KCMepTOB Ha AO/MKHOCTN HeBponaTonora-akcnepTa. B 1974-
1975 rr. pa6oTtan B bpsiHckov 06nacTHON Bpauye6HO-TPYAOBOM
3KCMepTHON Komuccuu. B 1991-1996 rr. ctan 3amecTutenem
HauanbHWKa ynpasfieHns ambynaTtopHom 6a3bl, HAUaNbHUKOM
ynpaBfieHna NepcnekTUBHOIro pasBuUTUSA 34PaBOOXPaHEHMS,
HayanbHMKOM ambynaTtopHoun 6a3bl, OTBEYan 3a opraHusa-
Luio 0693aTE€NbHOr0 MEANLNHCKOro CTPaxoBaHMsA, NnepBuY-
HYI0 MeANKO-COoLManbHy0 NOMOLLb B KOMuTeTe No 34paBooX-
paHeHuto CaHkT-MNMeTepbypra. C 1996 r. 3aHMMan [OMKHOCTb
3amectuTtens lMpeacenarens Komurterta no 34paBooOXpaHeHno
MNpaButenbctBa CaHkT-MeTepbypra. MNoa ero pykoBoACTBOM
6bina peanu3oBaHa Mporpamma pa3suTtus oblieBpayebHON
NpaKkTUKN, 0683aTeNbHOro MeANLNHCKOro cTpaxoBaHus. Mpe-
nofaBaTenbCKylo AeATeNbHOCTb Hayan B 1996 . AOLEHTOM Ka-
enpbl cemenHon meguumHbl MAMO. C 1998 r. No HacToswee
Bpems paboTtaet B CM6IY Ha topuanyeckom akynbteTe, rae
OpraHn3oBan u BO3rnaBua MarucTepckyto nporpammy no me-
AVLMHCKOMY npaBy 1 hapmaueBTMYeCcKOMy npasy. ABnaeTca
Mpepcepatenem MNpasneHusa Accoumnaumm megnLUHCKOro npa-
Ba CaHkT-MeTepbypra, Mpeacenartenem TpeTenckoro cyaa no
MeANLUHCKOMY CTPaxoBaHUIO 1 34paBOOXpaHeHunto npu Top-
roBo-npomblliieHHon nanate CaHkT-MeTepbypra, UneHom
KoHcynbTatusHoro Coseta npu YNoNHOMOYEHHOM MO NpaBam
yenoBeka B CaHkT-lMeTepbypre. Ony6nukosan 6onee 110 Hayu-
HbIX TPYAOB, 5 y4e6HO-MeToANUYECKNX NOCO6UI, COaBTOp yueb-
HMKa No npasoBefeHuto. MoAroTOBMA 2 KAHAMAATOB MeANLNH-
CKMX HayK, 29 MarncTpoB 1 AUNIOMHUKOB MO cneunanusaumum
«MeaULUHCKOe NpaBo». HayuHble MHTepeChbl BKOYaoT BONPO-
Cbl MEAMLMHCKOMO NpaBsa, obuieBpavyebHy0 NpakTUKY, cemen-
HYI0 MeAULUHY, MPOMbILTEHHYIO MeAULUNHY.

rBO3AELIKUA
AHTOH HUKONAEBWY, y
Bpau-ncuxuatp lopofckon ncuxu- |
aTpuyeckon 60fbHULbI N2 7 MmeHu
akag. W.M. Naenosa (CaHkT-MeTep-
6ypr), acnMpaHT Kadeapbl NCUXMATPUU
n Hapkonorun CaHKT-MeTepbyprckoro Q
rocyaapctBeHHoro yHusepcuteta (CN6ry).
OkoHuun CM6ry B 2014 r. no cneynanbHOCTK «Je-

yebHOe aeno». B 2016 r. nonyuun ceptudukart cneymanucTa no
cneumnanbHOCTU «ncuxmaTpusa». HayuHblie nHTepecol: buomeam-
LMHCKasA CTAaTUCTKKA, AOKa3aTeNbHass MeanLHa 1 BOCNPOU3BO-
AVMble 6UOMeANLMHCKNE NCCNeA0BaHNSA, MCMXNATPUSA, MeANLLVH-
CKOe MpaBo 1 3TWKA, OpraHu3aLusa NCUXMaTpPUYecKon nomoLuu,
MaTemaTMyeckoe MOAENUPOBaHME MNCUXUYECKUX MPOLECCOB.
Ony6nukoBan 6onee 30 Hay4HbIX PaboT.

/L

TEPACUMOB

ANEKCAHAP ONTEFrOBUY,
KaHAMAaT 6MONOrMyecKmx Hayk, ctap-
LN/ HAYYHbIN COTPYAHMK nabopaTopun
MeTOA0B peabunutaumm TEXHOTeHHbIX
nanpwadgToB CaHkT-MeTepbyprckoro
Hay4YHO-NCCef0BaTeNbCKOrO  LLeHTpa
3Konoruyeckonm 6esonacHoctun PAH. Po-
avnca B 1975 r. B lleHuHrpage. B 1999 r. okoHunn
Nlecoxo3sMCcTBEHHbIN haKynbTeT JleCOTEXHNUECKON akagemuu, B
2003 r. 3aLMTMN KAHAMAATCKYIO ANCCepTaL Mo No Teme «YCTonuun-
BOCTb XBOWHbIX MOPOJ B YNINUHbIX NOcafkax CaHKT-MeTepbypra»
B HayuHO-nccnefoBaTenbCKOM MHCTUTYTE NIECHOTO X035MCTBa.
06nacTb HayUYHbIX MHTEPECOB: IKOMOMUS 1 OXPaHa OKpYXKatoLen
cpepnbl. ABTOp 60nee uem 50 HayuHbIX Ny6AnKaLum.

COMPYH

nnana ANEKCAHAPOBHA,
KaHANAAT MeANLMHCKUX HaYK, aCCUCTEHT
kadenpbl OpraHn3aLmm 3gpaBooxpaHe-
HUA 1 MeauLmnHCKoro npasa CaHkT-lNe-
Tepbyprckoro rocyfapCTBeHHOro yHu-
BepcuTeTa (CM6IY). B 2009 r. okOHUMUNA
MeAVKO-NpOohUNaKTUYeCcKMn akynbteT
OpeH6Yprckomn rocyaapCTBEHHON MeaANLLUMHCKON

akagemuun. B2009-2010 rr. yunnacb B KNMHUYECKON MHTEpHAType
no o6LLen rurneHe, a B 2010-2011rr. — B KNIMHUYECKON UHTEPHATY-
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MexancupynnmHapHbl

pe no anugemuonoruu Ha 6ase MegULMHCKON akageMmum nocne-
aunnomHoro obpasosaHus (CaHkT-NeTepbypr) Ha kKadenpe meaun-
LMHCKOW 3KOMornum u anuaemuonorun um. I.B. Xnonuxa. B Crery
npenoaaet ¢ 2013 r. CoaBTOp paboumx Nnporpamm AUCLUNIUH K-
rmeHa» n «rurveHa, OCHOBbI 3KO/IOT UM YesioBeKa, BOeHHas rmru-
eHa» Ansa CTyAeHTOB MeAULMHCKOro hakynbTeTa 1 hakynbTeTa
CTOMATONOrMY Y MEANLMHCKUX TEXHONOMNIA. HanpaBneHums Hayu-
HbIX MHTEPECOB: 60NbHUYHASA TUTNEHA, ANNAEMUONOTNA FTEMOKOH-
TaKTHbIX UHDEKLUNIA, MeAULUHCKIE OTX0Abl. Ony6nnkoBana 6onee
30 HayuyHbIX PaboT. YuacTHULLA NPOrpamMmbl AMOHO-POCCUNCKUX
MOJOAEXHbIX 06MEHOB B 0611aCTV PErMOHANbHOW MeAULLAHDI.

YTEXUH

BAAAUMUP NOCNDOBIY,
KaHANAAT MeAUNUUHCKUX HayK, AOLLeHT
kadeapbl natonorun CaHkT-MNeTep-
6YyprcKoro rocyaapCcTBeHHOro yHUBep-
ciTeTa 1 Kadeapbl natodusnonoruu
C Kypcom mmmyHonartonorum CaHkT-Me-
Tepbyprckoro rocyfapCcTBeHHOro NepBoro
MeanuUMUHCKoro yHueepcuteTa (CM6IMMY). OkoHumnn
JIeHVHTPaACKUIA CAHUTAPHO-TUTMEHNYECKUN MeAULUHCKAWA UH-
cTuTyT (JICTMU) B 1970 1. HayuHyto paboTy HAUMHAM KaK MAaALW NI
HayuHbI COTPYAHUK JICTMU ¢ 1970 no 1981r. C 198110 2004 1. - ac-
CUCTeHT,ac1985r.—goueHT kadeapbl natodusuonoruv CM6rmmy.
HayuHble NHTepecbl: NATONOrMs SHAOKPUHHOW CUCTEMbI, UMMY-
Honaronorusa, AnabeTonoruns, 3NeKTPOHHAA MUKPOCKONUs, MOp-
chonoruyeckne n UMMyHomoponornyeckne MeToabl nccnepo-
BaHWUN, 3KoNornyeckas meauumHa. B 1990-x rr. yyuactsoBan B
Me[MKO-3KONOrMyecKnx aKkcneanLusax B pernoHbl benopyccun un
Ypana, noctpagasiine oT pafMoOHYKINAHOMO 3arpA3HeHNA B pe-
3ynbTaTe TeXHOreHHbIX KaTacTpod. C 2004 r. — WTATHbIN COTPYA-
HUK Kadenpbl natonoruu Cre6ry. ABTop 120 HayuHbIX paboT, co-
aBTOp rNaB B yuebHMKaX 1 MOHOrpadmax no natounsnonormm n
NCTOPUMN MeAULLMHbI, TONYASIPHBIX KHUAT MO KNETOYHON 61oNorun.

YYTYHOBA
MAPWHA BAJIEHTUHOBHA,
KaHamaaT — 6MONornyecknx  Hayk,

CTApWUA HAy4yHbIN COTPYAHUK [la-
6opaTopun MeTOAOB peabunutauuun
TexXHOreHHbIx naHgwadTos CaHkT-Me-
Tepbyprckoro HayyHo-uccnepoBaTenb-
CKOrO LLeHTpa 3Konoruyeckon 6e3onacHo-
cTu PAH (LMH3B PAH). Pogunacb B 1954 r. B JleHuHrpaae. B 1976 .
C OT/INYMEM OKOHUMMA BUONOTr0-NOYBEHHbIN hakynbTeT JIeHNH-
rpajckoro rocyfapcTBeHHOro yHusepcuteta um. A.A. XXgaHoBsa
rno crneuymanbHOCTUN «NouBoBefeHne-arpoxmmusa». B 1989 r. 3a-
WUTUNA KAHANAATCKYIO AnccepTaumio Ha Temy: «BnusaHue Taxe-
NbIX METanN0B Ha MOYBEHHbIE MUKPOBUOLLEHO3bI N UX DYHKLN-
oHupoBaHue». B HAL3B PAH pa6oTaeT ¢ 2000 r. Cchepa HayUHbIX
WHTEPEeCOoB: 3KONOMMA NOYBEHHbIX MAKPOOPraHM3MOB 1 OXpaHa
OoKpy)Xatolen cpeabl. ABTOp 605ee uem 100 HayUHbIX TPYAOB.

YYPUJOB

NNEOHUA NAB/NOBNY,
KaHaANAAT MeAULUHCKUX HAYK, OLEHT,
3aBeaylowmnn kadegpor natonorum,
3amecTuTenb pykosoautens nab6o-
paTtopum MO3auKM ayTOUMMYHUTETA
CaHKT-NeTepbyprckoro rocyaapCcTBeH-
Horo yHusepcuTeTta (CN6IY). OKoHunn B
1979 r. JIeHUHrpaACKNI NeanaTpuyecknin meamn-

LUHCKUA MHCTUTYT U B 1984 I. acnmMpaHTypy no natodunsnono-
rum. O6nacTu HayUYHbIX MHTEPECOB: UMMYHO3HAOKPUHONOI NS,
natousnonorus, MeauuuMHCKas 3konorus, GTusmonynb-
MOHONOMNSA, UCTOPUSA MeAULLMHbI U 6MO3TUKA, MEeTOA0N0rns
MeAMLUHCKOro 06pa3oBaHusl. BHeC 3HaUMTeNbHbIN BKNaa B
pa3BuUTUE TEOPUU UMMYHOTTOBYNIMHOBOW perynauumn reHeTu-
YeCKU JeTepMUHUPOBAHHbBIX KNETOUYHbIX (DYHKLUWA 1 KOHLEen-
LMy TpaHcchopmauum runoTanammnyeckoro cuHgpoma nybep-
TAaTHOTO Nepuoaa B PaHHWUI OCMOXHEHHbIN MeTabonuueckni
CUMHAPOM. YUacTBOBA/l B MeAMNKO-3KONOrMYeCKnX aKCneanLLm-
AX B palioHbl, NOCTPaAaBLIME OT TEXHOFEeHHbIX AAEepPHbIX aBa-
pwii. ABTOp U1 COAaBTOP OKO/O 700 HAayUHbIX TPYAOB, B TOM
yncne 6onee 30 moHorpadun, pyKoBOACTB N YUeHBHUKOB NO
naToun3nonorum, UMMyHONOrMn N 3HAOKPUHONMOTUKN, UCTOPUN
MeAuLuHbl. ABTOp yuebHOro Komnnekca «flatodusnonorus»,
BK/1IOYAIOLLErO TPEXTOMHbIN y4eb6HUK, CNOBapb, KOMNAKT-ANCK,
noco6me Ans CTOMaToONOrMyYeckoro akynbreTa, KOMNNEKT
yuyebHbIX MnakaToB, COBapb U NPakTUKym. OAUH 13 paspa-
60TUMKOB W leKaH NepBoMn B UCTopumn ob6pasoBaHus Poccun
POCCUNCKO-aMePUKAHCKOW MPOrpamMmmbl aHIMOS3bIYHOTO MeAun-
LUHCKOro 06yueHuns (1993-1998), 3a BKNaj B pa3BUTUE KOTO-
poii ynocToeH noyeTHoro gunnoma CeHaTta wTtata Hbio-Nopk
(1994). YUneH LleHTpanbHON yue6HO-METOANYECKON KOMUCCUN
YuebHO-MeToANYEeCKOro 06beAUHEHUA MeANLNHCKIX U hap-
MaueBTMUYeCckux By3oB Poccum no natocpusnonoruu. Jlaypear
Il BCcecoo3HOro KOHKypca Ha nyudlee nccnefoBaHue no na-
Tousnonorun (1987), npemun V BceMnpHOro KoHrpecca na-
Tohusmonoros B Mekure (2006), npemun CrMeéry «3a nega-
rormyeckoe mactepctso» (2012). HarpakgeH nouYeTHbIMU
rpamotamu CM6lrY n MuHo6pasosaHusa PO, rpamotamu 1 me-
pansmu O6uectBa natousnonoros, CaHkT-NeTepbyprckon
[YXOBHOW CEMUHAPUN, @ TAKXKe psAa MPaXXAAHCKUX Y BOEHHbIX
yHuBepcuteToB Kntasn. YneH CaHkT-MeTepbyprckoro otaene-
HUsA MexpayHapoaHoro obuiectsa natousnonoros, CaHKT-
MeTepbyprckoro ob6uwecTsa NCTOPUKOB MeAULUHbI, peaKon-
nerun xypHanos «buocdepa», «Autoimmunity Reviewsy»,
«Biomedical research and Clinical Communications», «Russian
Biomedical Research», «Open Journal of Pathology», «KnuHu-
yeckas natousnonorns», exerogqHMKoB «bneTeHb UnTaHb
im. B.B. Migsucoubkoro» (YkpanHa), «310poBbe — OCHOBA ye-
NT0OBEYeCKOro noTeHymana: Nnpobnembl U NyTU UX peLleHuns»;
NMOYETHbIN UHOCTPAHHbIN UneH npaeneHna O6uecTBa NaTo-
¢unsnonoros YKpauHbl.




BAATOAAPHOCTD PEIIEH3EHTAM

Pepakima XypHAAA «Brochepar» 1 pyKOBOACTBO PHU «XXI BEK» CUMTAIOT
PELIEH3NPOBAHME PYKOIIMCEN BAXHENIIIMM YCAOBMEM PABOTEI HAOYYHBIX XYPHAAOB
U BBIPAXAIOT 'AYOOKYVIO ITPU3HATEABHOCTE CIIELIMAAMCTAM, COIAACHUBIIIMMCS TTOMOYb

AnucumoB ML.A.

Apxunyenko M. A.

boabmusinos J1.1O.

Buakosa H.A.

peakoanerum B 2018 r.:

KaH/I. Teorp. HayK, CTapIIni HAyYHBIH COTPY/IHUK OTAEIIa Teorpaduu MOJISPHBIX CTpaH APKTHYECKOTO U
AHTapKTHYECKOT 0 Hay YHO-HMCCIIeIOBATENICKOT0 MHCTUTYTA, CTAPIINA TpernoaBaTens kadeaps! Gpusn-
yeckol reorpaduu v 1aHamagTHOrO riIaHnuposanus MHcTuTyTa Hayk o 3emite Cankt-IleTepOyprekoro
TOCYAapCTBEHHOTO YHUBEPCUTETA

JIOKT. OMOJI. HayK, BEAYIINH HAyIHBIH COTPYIHUK Bcepoccniickoro HayYHO-MCCIIET0BATEIBCKOTO HH-
CTUTYTa CeNIbCKOXO03sIUCTBeHHON MuKpoouonoruu (Cankr-IletepOypr)

JIOKT. T€0Tp. HayK, BEyIINI HAyUYHBIH COTPYJHUK OT/IeIa Teorpaduu MOJISPHBIX CTPaH APKTHYECKOTO
1 AHTapKTHYECKOr0 Hay4HO-HCccieioBaresbeckoro nHetutyTa (Cankt-IlerepOypr)

JIOKT. C.-X. HayK, TJIaBHBIM HAy4HBIH COTPYJHUK Becepoccniickoro Hay YHO-MCCIIEI0BATEIIBCKOTO HHCTH-
TyTa 3amuThl pactenuii (Cankr-IletepOypr)

Topabimesckuii C.M. npencenarens npasienuss HIT «Okomoruyeckuii coro3y, npeacenaresib KOMUTETa MO IKOJIOTUYECKOH,

I'pauena B.C.
Eropos A.A.
Kapukos 10.T.
HNureas ®.NU.

Kamun C.B.

Kopxesckmnii J1.3.

Koposun A.E.

Mupun JI.M.
Mockanenko B.A.

Mebuisaukos C.B.

Hannopo:xckas M.A.

HoBukosa E.A.
CaBoctbsiHoB I A.
Cunsasuna H.I'.
Cyxopyuenko I.H.
Iaposa E.N.

lycTos M.B.

MIPOMBIIIJICHHOH M TEXHOJOrn4Yeckoi Oe3omacHocTi Coro3a MPOMBIIIEHHUKOB U TIpeITpUHAMATEICH
Cankr-IlerepOypra

KaH/. OMOJI. HAyK, JIOIEHT Kadenphl FTEHETUKH, pPa3BeICHUSI 1 OMOTEXHOJIOTHH KUBOTHBIX (paKyybTeTa
300MHKEeHEepUH U OnorexHonoruii Cankr-IleTepOyprekoro rocy/1apcTBEHHOTO arpapHOro yHUBEPCUTETa
KaH/1. OMoJI. HayK, 3aBeAyoIni Kadenpoi broreorpaduu n oxpansl Npupoasl HCTHTYTA HAayK 0 3emite
Cankr-IleTepOyprckoro rocy1apcTBEHHOI'0 yHUBEPCUTETA

JIOKT. I0p. HayK, [NIaBHBII HayYHBIN COTPYIHUK OT/E1a IPUPOJOPECY PCHOr 0 3aKOHOAaTeNnbcTBa HCTH-
TYT 3aKOHOAATEIbCTBA U CPAaBHUTENIbHOTO IpaBoBeneHus npu [Ipasurenscte PO (Mocksa)

JIOKT. OMOJI. HayK, U. 0. 3aBEAYIOIIETo Jaboparopreil reHeTH4ecKoil Tokcukosoruu LlenTpa crpareru-
YEeCKOro MjIaHupoBaHusi MuHKCTEepCTBa 3/1paBooxpaneHus PO (Mocksa)

KaH/. T€0J1.-MHUH. HayK, BEyLIUI HAyYHBIN COTPYJHUK OT/Ie]Ia METAJIJIONEHUH U I'€0JIOT MU MECTOPOXK Ie-
HMH MOJIE3HBIX HCKONTaeMbIX Beepoccuiickoro HayYHO-HCCIE10BaTEIbCKOr0 T€0JI0rHYeCKOr0 HHCTUTY Ta
nM. A.I1. Kapninackoro (Cankr-IlerepOypr)

JIOKT. MeJ1. HayK, npodeccop Kadeaps! GpyHIaMEHTAIBHBIX TPOOJIEM MEAUIUHBI M METUIIMHCKUX TeX-
HOJIOTUHY (aKyJIbTeTa CTOMATOJIOT MU U MEAUIIMHCKHUX TexHosoruii Cankt-IleTepOyprekoro rocynapcet-
BEHHOTI'0 YHUBEPCUTETA

JIOKT. MeJl. HayK, HauyaJbHUK Hay4HO-UCCIIE0BATEIbCKON 1aboparopun (BOCHHOW Teparuy) HayYHO-
HCCIIE/IOBATENILCKOTrO OT/Iea (IKCIIEPUMEHTAIBHON MEAUIIMHBI) HayYHO-HUCCIIE0BATEIbCKOTO IEHTPa
Boenno-meaununckoii akanemun um. C.M. Kuposa (Caunkr-IletepOypr)

KaHJ. OnoJl. HayK, 3aBenyromui kadeapoil reo00TaHUKH U SKOJIOTUH pacTeHUH OMoJorudyeckoro ga-
kynbreTa CankT-IleTepOyprckoro rocy1apcTBEHHOTO YHUBEPCUTETA

KaHJ. TeXH. HayK, CTapIINi HAyYHBIH COTPYJHUK, BEAYIINH CIIEIHAIINCT 110 MPoOIeMaM KOJIOTHU H
6e3omacuocTH ['oposnckoro nentpa sxcneptus (Cankr-Ilerepoypr)

KaHJ. OMOJI. HayK, JOUEHT Kadeaphl FTeHETHKH U OMOTEeXHOJIOrny onosornyeckoro axkynprera CaHKT-
[leTepOyprckoro rocyapcTBEHHOTO YHUBEPCUTETA

KaHJI. C.-X. HayK, OLUEHT Kadenpsl arpoxuMun ouosornyeckoro ¢akynsrera Cankr-IlerepOypreckoro
rOCYJJapCTBEHHOI'0 YHUBEPCUTETA

KaHJ. OMOJI. HAayK, JOLUEHT Ka(eaphl MPUKJIATHON SKOIOruu Ouosnorudeckoro (akyiaprera Cankt-Ile-
TEepOyPrcKOro rocy1apCTBEHHOTO YHHBEPCUTETA

KaHJI. MeJT HayK, JIOKT. OMOJI. HayK, BENYIIHi HaydHbIH coTpyaHUK HWU 3BOTIONHOHHON (U3HOI0rHN
n onoxumuu uM. .M. Ceuenosa PAH, Caukr-IlerepOypr

KaH/1. OMOJI. HAyK, CTapIINi HAyYHBIH COTPYAHHK OT/IeNIa CBETOPHU3HOIOT NN PACTCHUH 1 OMOTIPOTYKTHB-
HOCTH arpo3KocucTeM ATpopHU3NIECKOTr0 Hay YUHO-HCCiIeoBarenbekoro nactutyta (Cankr-IlerepOypr)
JIOKT. C.-X. HayK, ITIaBHBIN Hay4HBIH COTPYJHUK Bcepoccuiickoro HayYHO-HCCIe10BaTEIbCKOI0 HHCTH-
tyTa 3amuThl pactenuii (Cankr-IletepOypr)

KaHJ. OMOJI. HAYK, TOICHT Kadeapbl PU3N0JIOrMU U OMOXUMUHU PACTECHUM OHOJIOTHYECKOro (pakyinpTeTa
Cankr-IleTepOyprckoro rocy1apcTBEHHOI'0 yHUBEPCUTETA

JTOKT. OMOJI. HAyK, 3aBeAyIOIuid oTaenoM (iiopsl [maBHOTrO O0TaHMYeckoro caga uM. H.B. [{uiinaa PAH
(Mockga)
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OT pepaKIIM:

B nepBom HOMepe «brocdepsr» 3a 2018 1. 661710 01y OJIMKOBAHO pELICHUE U3/1aTelIsl Ky p-
Hana (PoHJ HaydHBIX HcchenoBaHuil « X X1 Bek») v peaakiunu' 0 BO3MOKHOCTH JOTOTHSTh
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ckuil ¢ coxpaneHueM Tex ke DOI, 4To u y OpUIrHHAIBHBIX PYyCCKOSA3BIYHBIX Bepcuil. [Ipu
9TOM HUTHPOBAHHUE TIEPEBOJOB IIPEYCMAaTPUBAET OTCHIJIKY K BBIXOJHBIM JTaHHBIM OPUTH-
HaJIBHBIX BEPCUH, KOTOPHIE IO MPEKHEMY JOJKHBI ObITh CHA0’KEHBI BCEMU METaJTaHHBIMHU
(Ha3BaHMe, aBTOPHI, UX MECTO PabOTHI, CIIUCOK JINTEPATyPbl) Ha aHTIIHIiCKOM. Taknm oOpa-
30M TIOJTHOE COJIEP)KaHUE CTATeH MOXKET OBITH BKIIFOUEHO B MEXKIYHAPOIHYO HAyYHYIO MH-
(hopmanmoHHYI0 Cpeay U CTaTh BUIUMBIM JUISI BCEX, KTO 3aUHTEPECYETCS UM, HAallpuMep,
B pesynbTaTe noucka napopmanun yepe3 Google Scholar (Axanemust I'yri) — cBoOGogHO
JocTynHBINA aHanor Scopus u Web of Science, mo3Bosisitoninii, Cpeau Mmpovero, OTCICKHU-
BaTh nuTHpoBanue. [lyOnuKkanus Ha aHTITUHCKOM, KaK U Ha PYCCKOM, OCTaeTCs JIJIsl aBTO-
poB OecriaTHON, HO IEPEBOJ] ABTOPHI JINOO OIJIAYMBAIOT, €CIIN OH OCYIIECTBIISIETCS CUIIaMHU
penakuu, 100 MPeJOCTaBISAIOT CBOH (MIIM BBITIOJIHEHHBIN 10 3aKa3y CTOPOHHHM Iepe-
BOJYHUKAaM), HO TAaKOH, YTOOBI OH YJOBJICTBOPSI XOTsI ObI MUHUMAJIBHBIM TPEOOBaHUSIM K
COOJIIOJICHUIO TPAaMMaTHKH M COOTBETCTBHIO CMBICIIA IIEPEBO/IA HICXOJHOMY TeKCTy. OHaKo
MpakTUKa pabOThl C aBTOPCKUMHU MEPEBOIaMH peepaToB MOKA3bIBACT, YTO MPAKTHUYECCKH
Bcerja TpedyeTcsl peJakKTUPOBaHUE, COIOCTaBUMOE 10 00BbEMY padOThI C IEPEBOJOM 3aHO-
Bo. [ToaTOoMy pexakiust ocraBisier 3a coOOH MpaBo OTKa3bIBAThH B Iy OJIMKAIINK IIEPEBOJIOB,
MPU3HAHHBIX HEMIPUTOAHBIMHU K TOMY, YTOOBI X NTOKa3bIBaTh. becniaTHRIM peJaKIMOHHBIM
MIEPEBOIOM IIPEIIOJIaraeTCsl MOOLIPSITH aBTOPOB OJIHOM-IBYX CTAaTeil B IO, MPU3HAHHBIX
peraknuel ¢ yueToM MHEHHMS PEIKOJJIETHH Hanbojee HHTEPECHBIMHU IS MEXIyHapO/I-
HOM aynuTopuu. [lepBbie pe3ynbTaThl ?TOr0 HOBOBBEICHHU S ITyOJIMKYIOTCSI C 9TOM HOMEpE,
nocyenHeM B 2018 1.
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DECENTRALIZED ORGANISM EXEMPLIFIED
WITH COLONIAL HYDROID SPECIES
N.N. Marfenin

M.V. Lomonosov Moscow State University, Moscow, Russia
E-mail: marf47@mail.ru

Colonial hydroids, corals, bryozoans, ascidia, and some other aqueous species look as numerous interconnected bodies. However, they are not
communities; rather, they are manifold individuals adapted to capturing food particles from flowing water, which is what makes them looking
similar to plants organized to capture sunlight. The colonial type of organization is believed to emerge as the result of an incomplete vegetative
proliferation associated with that young unit bodies stay connected with their mother. Such manifold or modular organisms are less integrated
or centralized compared with their solitary (unitary) ancestors. The structure of such decentralized organisms provide opportunities to study
the integration of parts into a whole involving no central organizers. Such relationships between a whole and its parts are featured by many
natural and social systems but are still poorly studied. The specialized organizing means, such the nervous and endocrine systems, are but
superstructures built upon the more simple way of inner coordination featured by decentralized organisms whose integrity is based on interactions
between numerous equipotent parts. Among the decentralized organisms, colonial hydroids are most convenient for studying and thus may
serve as paragons of the decentralized biological organization as such. The salient features of the decentralized organization are: multiplication
or polymerization of parts; the absence of regulatory organs; a significance degree of self-sufficiency of parts; a high resistance of the whole to
impacts on its part; the plasticity of the shape and a broad variation of the sizes of the whole; ingrowth into the environment; network organization;
a cyclic mode of morphogenesis; and indeterminacy of age limits. The implications of the results obtained in studying decentralized organisms

for supra-organismal systems, such as populations, ecosystems, or biosphere, are discussed.

Keywords: colonial organism; Hydrozoa, modular organization; decentralized system.

INTRODUCTION

Centralized, Non-Centralized and Decentralized
Systems

The two alternatives of system organization, centralized
and non-centralized, have been avidly discussed in the
scientific literature for more than half a century, but mainly
with regard to the social systems, collective management
bodies, economy, and information flows, without even
minor attempts of system-wide generalizations [67, 98,
138, 153, 162]. However, the conceptual possibilities to
analyze the degrees of centralization are much broader, and
they can be applied to any systems, including biological
ones [148].

The two opposite ways of organizing a complex system
are centralization and decentralization.

Centralization means strengthening the role of a
coordinating center, i.e. increasing the coherence of
processes within a system and their subordination to a
certain order or certain signals. This is associated with the
specialization of the parts and processes within a system,
the restriction of freedom of the parts, and the reduction
of uncertainty, both functional and structural, within the
system.

Decentralization is increasing the independence of
system parts and parallel processes, decreasing the
frequency of commands from a center (if it exists),
enhancing the variability of the whole and the uncertainty
of all its features and, ultimately, making the algorithms
of vital processes more flexible.

The decentralized system concept is often applied
in the literature to non-centralized systems. However,
it is reasonable to distinguish the two types of systems
according to their origins. In the first of the types, all
elements of a system are the parts of a single organism,
which are not disengaged because they have originated from
a single “root”, as e.g. zooids in a colonial organism. The
non-centralized systems that result from decentralization
may be called decentralized systems. In the second
type, a system is composed of heterogeneous elements,
which originate, e.g., from independent organisms of
the same species or even different species. Such systems
are non-centralized by their origin; they have not been
decentralized, i.e., did not undergo a reduction in the
degree of their centralization. Differences in the degrees
of keenness affect the degrees of integrity of systems
and the modes of their self-organization; however, the
present article is not concerned with that. Therefore, we
will use the terms “decentralized” and “non-centralized”
as synonyms, although their scopes are different. The
concept of “non-centralized” organization is broader
than that of “decentralized” organization, the latter being
a particular case of the former. With all that, the present
paper mostly addresses their common features as they
may be exemplified with decentralized systems.

Non-centralized systems, including decentralized
systems, are entities that consist of interacting parts whose
functions are not controlled by any individual specific
body.
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In any natural system, there are signs of centralization
and decentralization. The least centralized biological
systems are ecosystems, and the most centralized ones are
organisms. The simultaneous effect of the environment on
all ecosystem components is an analogue of the centralized
regulation. Such “control” has very little in common with
the internal regulation carried out by the nervous system
of multicellular organisms.

The non-centralized mode of integration appears to be
inherent in all natural systems and makes the base of their
integrity. However, centralization imposes significant
constraints on the manifestations of the non-centralized
integration.

Rigid control mechanisms have long attracted much more
attention of researchers than coordination mechanisms
based on the freedom of the parts (components) of a system.
In recent decades, the situation has begun to change due
to studies and conceptual generalizations related to the
non-centralized organization of complex social, biological
and technical systems [52, 53, 65, 83, 120, 121]. Knowing
the optimal relationships between centralization and
freedom is especially in demand in politics, economics,
state security, sociology, pedagogy, etc. [81, 92, 143]. This
is what makes it important to study other systems based
solely on non-centralized coordination.

Decentralized Organisms

In a non-centralized organism, no central control
organ is responsible for coordinating the processes that
take place in its various parts. The integrity of such an
organism is ensured only by the unity of its body, in which
all its parts have the same origin, such as a fertilized egg
or a fragment of the parent organism, while differentiation
and specialization are achieved automatically due to the
so-called “positional information”, i.e., responses to the
specific positions of the emerging parts of a developing
body relative to the rest of the body and to the environment
[70, 82, 159].

The central control organs include the nervous and
endocrine systems. Hence, fungi, plants and animals that
lack neuroendocrine regulation can be referred to non-
centralized organisms.

The lack of the centralized management of vital activities
is especially apparent in the so-called modular organisms,
which will be discussed in the next section. They have
undergone genuine decentralization, i.e., transition from
the centralized organization to the non-centralized one.
The centralized organization is featured by unitary (non-
colonial) organisms, e.g., hydra or actinia, whereas
vegetative reproduction not associated with the separation of
individuals results in the decentralized organization (Fig. 1).

The nervous system of a hydra or actinia is
underdeveloped, but is sufficient to control the movements
of an individual. For example, a hydra or actinia reacts to
irritation by shortening its body length and contracting

its tentacles. Similar responses are observed in the
individual hydranths of a colonial organism. However, in
many colonial species, a hydranth does not influence its
neighbors [99].

Modular Organisms

All organisms can be referred to the categories of unitary
and modular [76, 119, 139].

A unitary organism is characterized by a specific shape
and size of its body, minimal variations in its individual
development, and a limited number of repetitive organs
or parts of its body.

A modular organism is characterized by multiple repeats
of its body parts due to a special form of its individual
development, which involves morphogenetic cycles that
results in the polymerization of its organs, the absence of
non-repeated (singular) parts able to function as operating
organs, and a highly variable body shape and size [35, 39, 48].

In both cases, the individual development starts from
a single source, i.c., a fertilized ovum whose division
produces a multicellular organism or, upon the asexual
reproduction (division, budding, parthenogenesis), from
a part of a single initial (maternal) organism. At the early
stages of ontogenesis, the unitary and modular organisms
are similar by their organization. However, after their
individual ontogenies are completed, their subsequent
developmental pathways diverse. The modular organisms
under favorable conditions can grow indefinitely by
reproducing their individual parts: they ramify and form
branched or monolithic bodies, which can later disintegrate
or retain their integrity. Such unlimited growth is a feature
of primitive organization.

At difference from the modular organisms, the unitary
ones slow down their growth rate as they age, and the
shapes of not only their individual parts, but also their
whole bodies become strictly defined'. Any constraints
imposed on morphogenesis is a manifestation of increasing
the complexity of the respective development program.
Unitary and modular organisms may relate to the same
taxonomic unit. Since the module of an invertebrate animal
often resembles a unitary organism, it is believed that
unitary organisms are primary, and colonial ones (which are
essentially modular) are secondary. If this is so, this means
that the formation of a colonial organism is associated with
decentralization.

The modular organization is widespread in wildlife. Fungi,
many plants and many colonial invertebrates are modular [35,
48, 119]. Sponges, corals, hydroids?, bryozoans, camptozoids,

' There are numerous examples of growth during virtually the whole life
of a unitary organism, but growth gradually slows down in each of such
cases, which is not typical of modular organisms.

2 Although included into the class Hydrozoa, siphonophores do conform to
characteristics of a modular body, except for that: (1) they have a non-po-
lymerized organ, i.e. pneumatophore, (2) their stolon virtually does not
branch; (3) there exists a common, albeit underdeveloped, colonial ner-
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and ascidians represent the contemporary fauna. Modular
organisms are a convenient object for studying the
characteristic features of decentralization, as well as the
regularities of biological systems integrity [35, 49-51, 125].

Decentralization as a Consequence of the Modular
Organization

Multiplication of all body parts and the absence of a
coordinating organ result in the genuine decentralization,
i.e.,, not just the absence or underdevelopment of a
central control system, but the complete elimination of
such coordination between modules. “Rudiments” of
possible coordination remain in individual modules. This
phenomenon can be illustrated with unitary and colonial
Cnidarian species. There is a cluster of nerve cells around
the oral opening of a hydra or actinia, and the movements
of its tentacles, body and mouth are coordinated in some
cases. By contrast, colonial hydroids and six-ray corals
feature no coordination between zooids, while in their
common body (cenosarcum), nerve cells are scattered and
do not form plexuses?.

The individual development clearly shows the stages
of transition from a singular species to a colonial one. At
all of the stages, the maternal entity is not accreted by a
new daughter entity, but is expanded into a new structure:
zooid — zooid with a protrusion of its wall — zooid with
an underdeveloped daughter zooid, combined with it by
their common cavity and body walls — two zooids that
have retained their connection. Being multicomponent, the
colonial individual loses its inherent centralization, which
remains limited to only a part of its organism.

Relatively low integrity of the colonial organisms compared
with the unitary ones is manifested in the ability of the former
to continue normal life after losing a considerable part of the
body. Unitary organisms survive in such cases due to the
regeneration of the lost body part. Colonial organisms are
also capable of regeneration, but they continue to function
normally without it too. An organism that is modular both
anatomically and functionally is simpler than a unitary one.
Although it may consist of a much larger number of parts, in
some cases different from each other and altered compared
with a single analog, neither of the colonial organisms used
above as examples has reached the degree of integration
characteristic of its single analogue. This is most clearly
demonstrated by the level of morphogenetic regulation, which
is always higher in single organisms than in colonial ones.

vous system, despite the absence of an integrating organ. Nevertheless,
the sum of characteristics makes it possible to regard siphonophores as
modular non-centralized organisms.

3 The only exception are siphonophores whose nervous system is developed
better. Siphonophores are integration champions among modular orga-
nisms. Once, siphonophores were viewed as the crown of the evolutionary
integration of a colony. However, nowadays another hypothesis is accep-
ted: siphonophores results from neoteny, whereas their high integration
is a direct consequence of the underdevelopment of their zooids and the
preservation of the original integrity of the respective single organism.

Decentralization appears to be conformable to nature.
Because a whole body is the sum of numerous modules that
develop in accordance with the carrying capacity of their
habitat, the plasticity of the shape and size of the whole body
is enhanced, which may be ecologically advantageous over
the strictly defined shapes and sizes of unitary organisms.
The centralized control of growth and other vital functions
turns out to be meaningless and even harmful in the
context of adaptation of a sessile organism to an anisotropic
(asymmetric) medium.

Nevertheless, there are examples of secondary
centralization, e.g. in Octocorallia, when a colonial organism
acquires an orderly organization, such as is the case of the
structure of sea feathers (the order Pennatulacea), and
becomes capable of synchronized responses of the whole
body to irritation [144]. The achievement of integrity level
similar to that of unitary organisms is an adaptation to specific
living conditions and is rare among colonial organisms.
Charles Darwin described long ago the amazing ability of
sea feathers to dig themselves quickly into silted sand [11].
G. Spencer believed that in the course of phylogeny this
could lead to a super-organism consisting of multicellular
organisms that have undergone progressive integration along
within increasing specialization of multicellular individuals
comprising it [55].

Colonial Animals

Considering the decentralized organisms will be
confined below to colonial organisms, most of which are
invertebrates.

Organismic colonies (cormuses) or, more accurately,
colonial organisms are found among metazoans, including
sponges (Porifera), corals (Anthozoa), hydroids (Hydrozoa),
bryozoans (Bryozoa), camptozoans (Entoprocta), and
tunicates (4scidiacea and Thaliacea).

Colonial hydroids are the most suitable biological model
to study the non-centralized self-organization.

The objective of the present article is to sum up scattered
information about functioning of colonial hydroids as
decentralized organisms and to determine the possibility
to extrapolate the established regularities to other non-
centralized integrated systems. The article is based on
studies supported by Grants Nos. 11-04-00994-a, 07-04-
00736-a, 98-04-49342-a, and 95-04-12071-a from the
Russian Foundation for Basic Research

The Original Studies of Decentralized
Organization at the Base
of the Present Discussion
Among several dozen species of colonial hydroids avail-
able for our studies, the two species most suitable for exa-
mining the patterns of decentralized organization are
Gonothyraea loveni (Allman, 1859) and Dynamena pum-
ila (L., 1758). Both species, which belong to the order Lep-
tothecata of the class Hydrozoaof of the type Cnidaria, are
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referred to the two families, Campanulariidae and Sertu-
lariidae, respectively, of highly organized animals, which
differ in the morphogenetic pathways of shoot formation.

The advantages of these species as objects for studying
the functioning of non-centralized colonial organisms are
as the following:

— Highly transparent tissues and integuments allow exa-
mining the flows of fluids within the cavities of intact colo-
nies, the harvesting of food particles by gastrodermal cell,
the movements of specialized cells (e.g., cnidocytes), and
the pulsations of cell layer.

— Growth rate is sufficient to study changes in the shape
and size of a colonial organism during several days or
weeks.

— The sizes of zooids, shoots and colonies make it pos-
sible to study them with conventional optical microscopes
at a x8 to x80 magnification.

— Easy handling under laboratory conditions at tempera-
tures 15-18 °C, which are close to the room temperature,
upon feeding with Artemia salinalarvae.

— The ability to grow on glass plates is convenient for
live colonies microscopy.

Fig. 1. A schematic drawing of the colonial hydroid Dynamena
pumila (L.) (reproduced from [33]). 1. The growth apex of stolon.
2. Stolon. 3. The top of a growing shoot. 4. Hydranth. 5. Calicle.
6. Offshoot. 7. Gonangium. 8. Hydranths that capture prey.

9. Hydranthsexcretions.

To clarify some specialized features of the structure and
functioning of colonial organisms, nine more species were
used besides the above two:

Clava multicornis (Forskal, 1775) (Clavidae);

Ectopleura larynx (Ellis et Solander, 1786) (Tubulari-
idae);

Abietinaria abietina (Linnaecus, 1758) (Sertulariidae);

Hydrallmania falcata (Linnacus, 1758) (Sertulariidae);

Sertularella gigantea (Mereschkowsky, 1878) (Sertu-
lariidae);

Sertularia mirabilis (Verrill, 1873) (Sertulariidae);

Laomedea flexuosa (Hincks, 1861) (Campanulariidae);

Obelia geniculata (Linnacus, 1758) (Campanulariidae);

Obelia longissima (Pallas, 1766) (Campanulariidae).

Experimental techniques have been described in earlier
publications [20, 23, 26, 27, 29-31, 40-43].

The branched tubular body of a colonial hydroid is
formed by the stolon, which adjusts to a substrate, and by
hydranths, which branch from the stolon, or skoots, which
bear hydranths (Fig. 1).

Body wall is composed of two layers of myoepitheli-
al cells (MEC) with a thin non-cellular mesogloea (ba-
sal membrane) between them. A two-layered body struc-
ture is featured by both, the hydranths and the coenosarc,
which connect hydranths. In addition to MEC, the outer
layer of cells (epidermis) comprises several types of spe-
cialized cells, including glandular, urticant, nervous and
undifferentiated cells (i-cells). The epidermis secretes the
chitin-like envelope (perisark), which serves for protec-
tion and support. The inner layer of cells (gastrodermis)
contains glandular cells in addition to MEC. The common
cavity of the tubular body is filled with a liquid (Aydro-
plasm), containing food particles derived from prey par-
tially digested by hydranths. Growth is confined to certain
areas of the body, i.e. to the growth zones. The growth
zones are usually located directly after the terminal sec-
tions of the stolon and shoots, which are called growth
apexes. Branching is of the budding type that is the initi-
ation of new growth apexes is confined to certain areas,
i.e. budding zones [33].

Analysis of Findings obtained in
Studies of Hydroids and Other
Colonial Organisms

In the past, a unitary organism was considered as an
individual, whereas a modular organism, as a colony
of individuals. However, this assumption proved to be
erroncous [33]. A colonial organism originates from the
zygote or a part of the body of the maternal organism,
and all its modules are the parts of the same whole having
common metabolism, whereas organisms that coexist
in a genuine colony originate from different ancestors
and do not constitute a single organism having its own
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metabolism. A unitary and a modular organism are both
individuals, but they represent two opposite strategies
of morphogenesis: any repetition (multiplication,
polymerization) is attenuated according to one of them
or is enhanced according to the other. It is believed that
the vegetative reproduction represents an intermediate
strategy of morphogenesis or, possibly, a transitional stage
between the unitary and the modular organization.

Vegetative Reproduction

The vegetative reproduction is widespread in all king-
doms of life, including invertebrates [19]. This mode of
reproduction provides for cloning of individuals, increa-
sing of population size rapidly under favorable conditions,
and recreating a population from a particular individual.
At the same time, the vegetative reproduction often re-
sults in overpopulation and increased intraspecific com-
petition [68, 90]. Therefore, the vegetative reproduction
is most beneficial under conditions of high mortality and
least beneficial under stable conditions characterized by
low mortality [33].

The transition from the vegetative reproduction of uni-
tary individuals to the modular organization of decentra-
lized organisms is theoretically possible in cases where,
for some reasons, the daughter individuals do not sepa-
rate from the maternal one. As early as in 1744, Abraham
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Fig. 2. Temporary colony of hydras developed as a result of
delayed separation of the daughter organisms from the maternal
one (see [56])

Trembley described a hydra, in which offspring separa-
tion occurred with a delay sufficient to allow budding and
the appearance of second-order offspring on buds (Fig. 2)
(see [56]).

This phenomenon was studied in more detail in Moeri-
sia maeotica (“marine hydrae”) in which the delayed se-
paration of daughter zooids develop upon food deficiency
[27]. The daughter species that remain connected with the
maternal organism can get food from a temporary colony
(Fig. 3).

According to G. Spencer [55], a delayed separation of
individuals during vegetative reproduction may be fixed
in evolution if it is beneficial in some way. This eventually
may result in temporary to permanent colony transforma-
tion. This assertion seems so logical that it has never been
checked. There was a theory of gradual strengthening of
individuality of a colony associated with decreasing the
individuality of individuals therein [1]. However, closer
examination of various examples revealed internal contra-
dictions in this concept [33]. Some large taxa, such as the
type Bryozoa and the subclass Octocorallia were found to
have no primary single organisms. Instead, colonial and
secondary single individual organisms developed only
upon the reduction of coloniality [1].

The hypothesis that coloniality results from vegetative
reproduction is inconsistent from the morphogenetic point

Fig. 3. Temporary colony of Moerisia maeotica (“marine
hydrae”) developed under food deficiency conditions (see [27])
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of view too. Vegetative reproduction can be subdivided
into three types based on the localization of the sites of
the formation and separation of daughter individuals:
1) transverse division of the maternal body; 2) longitudinal
division of the maternal body; and 3) lateral budding from
the maternal body (Fig. 4).

If coloniality was preceded by separation of daughter
zooids from the maternal body, it is reasonable to expect
that a delay of this process would result in the formation
of colonies of zooids separating directly from other zooids
(Fig. 4, I). Indeed, in primitive six-ray corals, colonies
develop by the longitudinal division of corallites so that
two daughter zooids extend the maternal one to from a
bifurcation (Fig. 4, 2). However, this is not the case in
Octocorallia and Hydrozoa. Their zooids are connected to
each other indirectly via the coenosarc, i.e., the common
body of the colony. In Octocorallia, zooids are formed
from the collenchyma (Fig. 4, 4); in hydroids, they are
formed from the stolon (Fig. 4, 3) [33].

In the case of, e.g., hydroids, it is reasonable to assume
that at first there could be a single ancestor, then a polyp
with a stolon, and thereafter a colony. In this sequence
of events, the vegetative reproduction occurs at the final
stage: the formation of the daughter individuals take place
not on the maternal individual, but on new structures not

Fig. 4. Variants of zooids positions relative to each other during
colony formation: 1) upon lateral division; 2) upon longitudinal
division; 3) upon budding from the stolon; and 4) upon budding
from the collenchyma (reproduced from [33])

featured by unitary individuals, i.e., the coenosark and the
stolon. The mode of initiation and arrangement of zooids
in the simplest colonies of hydroids suggests the leading
role of the proliferation of the basal part of polyp body
without the direct budding and separation of the daughter
polyps.

If zooids of the colonial hydroids are formed on the
common body rather than on other zooids, then coloniality
could not result from the vegetative reproduction of non-
colonial ancestors, which did not yet have a common body,
and thus their budding or division occurred directly on their
zooid. This contradiction casts doubts on the hypothesis
that coloniality evolved via vegetative reproduction.

The above contradiction may be resolved upon the
assumption that the unitary organization, vegetative
reproduction and modular organization are the three
components of the same phenomenon, which are
expressed differentially depending on the morphogenetic
capabilities of a taxon and the ecological strategy. This
phenomenon is polymerization. The absence, or rather
the blocking of polymerization, is a prerequisite of the
unitary organization. Polymerization associated with the
formation of detachable units is vegetative reproduction.
Polymerization associated with preserved connections
between the units formed is a way to increase the size of
a body. Each of the three variants of the polymerization
process has its own specific morphogenetic and ecological
features.

Polymerization as the Basis for the Formation of
a Modular Organism

Polymerization and oligomerization are two opposite
mechanisms for changing the organization of any system
[12]. Polymerization is multiple repetition of a certain
structure [16]. The emergence of multicellular organisms
also fits the concept of polymerization [17]. Daughter cells,
which remain being connected with both the maternal cell
and other daughter cells, become not just a community
of cells, but rather an integral structure of a higher level
than that of an individual cell [18, 62]. Polymerization can
also take place in a multicellular organism in the form
of repetitions of certain parts of its body or organs [14,
15, 57]. Multiple repetitions of the same structures result
in the development of metameric animals (polychaetes,
arthropods) and all modular organisms, no matter what
type they belong to [39].

Oligomerization is a reduction in the number of
repeated structures, i.e., cells, segments, organs, or zooids.
Oligomerization occurs in parallel with increasing the
centralization and integrity of abody.

Oligomerization is one of the mechanisms of the
evolutionary complexification of organisms. There are
many examples of the initial multiplication of an organ,
e.g., the limb in arthropods, followed by the specialization
of the emerged repeats and reduction in their number in the
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course of subsequent evolution [13]. Biological evolution
as such is a consequence of increasing the number and
diversity of features, individuals and populations, and of
subsequent natural selection and specialization.

Polymerization and oligomerization take place not
only in nature, but also in society. Polymerization may
be exemplified with the increasing number of workers
employed in some production as well as with the growth
of network institutions, the construction of unified multi-
apartment houses, and the expansion of urban areas.
Oligomerization may be illustrated with the reduction
in the number of employees due to the specialization
and increased productivity of the remaining staff, with
complex shopping centers instead of numerous small
identical shops, and with increasing the diversity of
services and entertainments instead of their multiplication
by replication.

In management, polymerization is the predominance
of quantity, whereas oligomerization is a qualitative
innovation, i.e., improvement.

Polymerization at the level of multicellular organisms
is most clearly seen in two the variants of individual
structure, i.e., metameric and modular. They are often
unreasonably considered sub-variants of the modular
organization.

The metameric structure of an animal organism is
expressed as multiple linearly arranged segments, which
are the stereotype parts of the body. In the simplest
case, they all are identical, except for two segments, the
head and the tail, which differ from the other segments.
This makes the metameric structures different from
the modular ones. As a rule, metameric animals, such
as annelids and arthropods, are unitary and mobile.
Metamerism facilitates nervous system centralization and
the subsequent segments specialization (oligomerization).
For plants, “metameric” is essentially the term used to
designate their modular organization [48, 58, 60]. This
parallelism stems from the fact that the term “metameric
structure” was introduced in botany earlier than the term
“modular structure”. This resulted in a superficial analogy
between body parts repetition in a non-centralized plant
organism and segments repetition in a unitary animal
organism featuring all attributes of centralization.

The modular structure of an organism is expressed
in the multiplication of absolutely all of the parts of its
body, without exceptions [36, 39]. Modules can be found
in colonial hydroids: zooids, segments (internodes) of a
shoot, segments of the stolon, shoots themselves, branch
shoots, and growth apexes. As a rule, the modular structure
is accompanied by branching, i.e., the linearity of such
structures is not typical for them.

Whereas the metameric structure is in animals an
example of the polymerization of body parts upon
preservation of the centralized organization of an
organism, the modular organization is an example of

the polymerization of body parts upon the loss of the
centralized organization of an organism [39]. Therefore,
metamerism is only a variant of the structure of a unitary
organism, whereas coloniality, such as of a modular
organism, is a variant of an alternative to the unitary
organization. The difference is rooted in the different ways
of adaptation to the environment (see below).

Cyclic Morphogenesis as the Basis of Modular
Organization

Cyclic morphogenesis is the basis of the formation of a
modular organism. Shoots and stolon segments are formed
by a certain sequence of morphogenetic changes, which
ends to form starting points for the next segments [36, 44].
With regard to plants, this phenomenon is called the “open
growth” [25, 48, 59].

Fig. 5 shows the formation of a next segment in a shoot
of the colonial hydroid Gonothyraea loveni. First, a seg-
ment having several identical constrictions is formed on
the tube of a shoot, then a smooth segment is formed, then
a segment with constrictions is formed again, its beading,
however, being narrowed, then a dilation is formed, and
finally a zooid emerges and growth discontinues. Simul-
taneously, a swelling, which is the germ of the next seg-
ment of the shoot, appears in a strictly defined place on
the boundary between a smooth and a beadlike segment.

Repeated sterecotyped segments of a shoot and the stolon
of a hydroid are called interstices, by analogy with plants
[47]. In morphological terms, an interstice is a segment
between consecutive branching sites; however, in essence
it is the product of cyclic morphogenesis, multiple repe-
titions of the same growth algorithm resulting in the for-
mation of stereotyped modules of a colonial organism or
a plant.

The cyclic morphogenesis is characteristic of modular
organisms [39, 48]. Instead of growing in size and beco-
ming progressively differentiated, as it is inherent in uni-
tary organisms, the modular ones grow predominantly
outside the formed parts of their bodies (their modules).
The next growth zone is laid, the next segment of the body
is formed, and a new zooid develops. The cyclic morpho-
genesis in hydroids and bryozoans is usually brought
about by branching of the longitudinal chains of modules,
such as the longitudinal division of an acrescent corallite
of a coral.

As a variant, cyclic morphogenesis may be realized as a
permanently functioning growth zone, on which the rudi-
ments of hydranths or shoots are regularly formed (Fig. 5).
That is how the stolon in hydroids, complex shoots [32] and
marginal growth zones in some corals, the apical growth
zone in Acroporacorals [28], and the growth apexes in
highly organized hydroids, e.g., Dynamenagenus [34],
function.

Once started, a morphogenetic cycle usually continues
even under unfavorable conditions, as for example in the
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case of food deficiency, until the completion of an inter-
node or zooid formation, after which growth may stop un-
til the conditions become favorable again. Therefore, the
number of growth zones in a modular organism can be not
only increasing, but also decreasing in accordance with
the amount of food received [2-5, 41]. Thus, cyclic mor-
phogenesis turns out to be a part of feedback in self-re-
gulation of modular organism growth, so that a change in
the number of growth zones is proportional to the amount
of food received.

Proportionality in the Modular Organisms

Almost all unitary organisms have definite body shapes,
which maybe expressed as the ratios of the lengths and
widths of their body segments, limbs, organs, etc. Cer-
tain proportions of the linear dimensions or volumes are
characteristic for each stage of life cycle and may be ex-
pressed as indices. In the process of growth, proportion-
al relationships between body parts may be constant (the
isometric growth) or may change (the allometric growth).
In any case, the proportionality of body-build is an indis-
pensable characteristic of unitary organisms.

In modular organisms, the concept of proportionality
of the body shape is applicable to its separate parts, for
example, to zooids, leaves or modules. However, the shape
of a modular organism, especially a branched one, is so
variable and unstable that for long no attempts have been
being made to find proportions in the colonies of hydroids,
corals or bryozoans. It was believed that any colony, being
an association of individuals, is not subject to restrictions
applicable to organisms.

Nevertheless, the morphological integrity of colonies
has been found, at least in hydroids [23, 26, 33]. The
proportionality of a colonial organism is expressed as
the ratios of its modules: the number of hydranths vs. the
number of growth apexes (H/T); the number of hydrants
vs. the length of the cenosarcum of the entire colony (H/L);

Wik

Fig. 5. Cyclic morphogenesis of a shoot in the colonial hydroid
Gonothyraea loveni is an example of a temporarily functioning
growth apex (see [33]): 1 to 6: the successive stages of shoot
growth (the formation of a module)

and the number of growth apexes vs. the length of the
cenosarcum (T/L). The ratios between the numbers of
colony modules are maintained within certain limits
during colony growth. This is an indirect confirmation of
a feedback between the number of zooids and the number
of growth apexes, as well as the rate of growth.

Such feedback is realized through cyclic morphogenesis.
When food is in excess, branching of shoots and stolon
takes place, i.e. there appear additional growth zones
that consume the available cellular material. Upon food
shortage, some of growth apexes cease functioning at
the stage of morphogenetic cycle completion. As a result,
cell material necessary for growth is reallocated to the
remaining growth apexes and, primarily, the stolon. This
means that the structural proportionality of a colonial
organism is realized through changes in the number of
different types of modules in it [40].

Limitations to the Morphogenesis of the Parts of
a Modular Organism

Even though the shape of a modular organism varies
widely, the shape of its individual parts may be quite stable,

Fig. 6. Cyclic morphogenesis of a shoot of the colonial hydroid
Dynamena pumila is an example of the constantly functioning
growth apex (see [34]): 1) hydrotheca; 2) shoot stem; 3) the
rudiment of a nascent hydranth at shoot tip; 4) shoot tip; 5) con-
tours of successive stages of shoot tip growth
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i.e. comparable to that of a unitary organism. This applies
to both, individual modules and supra-modular levels of
organization, e.g., to the shape of a shoot and of its branch-
es. There exist feather-shaped shoots, in which the lateral
branches are located in the same plane and in a certain
order. Shoot morphogenesis in such cases includes later-
al shoots initiation in the course of an intermodal devel-
opment cycle (Fig. 7). This is a more complex variant of
morphogenesis, which differs from a simpler one by con-
siderable constraints on budding (lateral buds initiation).
In the case of the unlimited growth of lateral branches,
shoot shape is not just feather-like but triangular. If the
growth of the lateral branches is constrained by a certain
number of morphogenetic cycles, then the shape of the
shoot is more feather-like, since all of the lateral branches
that extend from the shoot stem are of the same length,
except for the youngest ones. In all cases, instead of the
free initiation of lateral shoots or the unlimited growth of
branches and zooids, morphogenesis becomes increasing-
ly constrained as to the patterns or durations of processes
implicated in it [23, 32, 104, 111].

The Ecological Importance of the Colonial Organization

The modular structure of an organism is an adaptation
to its sessile mode of life associated with that it has to
obtain vital resources from the environment that is moving
relative to its position.

In animals, the modular organization is always
associated with increasing the number of organs for

Fig. 7. A feather-shaped shoot of the hydroid Abietinaria abiet-
inawith a lateral shootinitiated at its growth apex

grasping food: “poly-mouthness” or “multi-headedness”.
Poly-mouthness, i.e., an increase in the number of zooids,
allows a sessile organism to capture food particles or
prey suspended in moving water. Poly-mouthness*
corresponds to the ecological strategy of filtration, i.e.,
capturing of nutrient objects from water flow, as opposed to
the search and hunting strategies. This is true for all colonial
invertebrates featuring a common body (cormus), such as
sponges, hydroids, corals, siphonophores, bryozoans, and
colonial ascidians. The effectiveness of poly-mouthness
increases due to specialization in capturing of small prey,
its concentration in the environment being much higher
than that of large prey. This is easily seen in the evolution of
the colonial organization within a class, i.e., from primitive
colonies with large zooids to complexly organized colonies
with small zooids [32, 47]. The progressive decrease in the
size of hydranths is a manifestation of miniaturization, which
is a widespread phenomenon in wildlife [54, 71, 132].

Miniaturization

In colonial hydroids, miniaturization as an evolutionary
trend is manifested in the order Leptothecata, which differs
from the order Anthoathecata by smaller zooids and the
presence of the perisark not only around the coenosark but
also around the zooids. Because the shape of the perisark
around the zooid is significant in taxonomic terms, this
structure is termed specifically as “hydrotheka” At
difference from all Leptothecata hydranths, which stop
growing after the completion of their morphogenesis,
Anthoathecata zooids continue to grow after their
morphogenesis is completed, i.e., after tentacles and
oral opening have developed and independent capturing
of food has become possible. Underdeveloped hydrants
are able to capture prey, hold it with tentacles, swallow
and partially digest it. However, they do not form the
reproductive organs, gonophores, where the baby medusas
with sex gonads or the gonads themselves develop. Growth
cessation in zooids is associated with blocking of cell
proliferation within their bodies [40].

The above affects not only the growth of zooids, but also
the duration of their life cycle, because the insufficient
replenishment of cells results in the depletion of the
originally available reserves of the most readily spent
cells, i.e., urticant and glandular cells. That is why hydranth
lifespans known from the literature are shorter in the order
Leptothecata than in Anthoathecata [27, 29, 30, 42, 80].

Filter Feeding
Filtration of small particles from water is a mode of
feeding common to both, unitary and modular aquatic

4 Environmental strategy [150] is a convenient and capacious concept not
limited to nutrition, behavior, reproduction or life forms. For example, the
evolutionary adaptation of hydroids to feed on small prey is accounted for
by at least three specializations: attachment to the substrate, a branched
body shape, and a small size of zooids (miniaturization).

This open access translation of the original Russian paper published earlier shall be cited as
Marfenin N.N. Decentralized organism exemplified with colonial hydroid species.

Biosfera. 2016;8:315-337. DOI: 10.24855/biosfera.v8i3.264

T9



MNPUNOXEHME

invertebrates [83]. The specific feature of adaptation of
modular invertebrates to capturing of water-borne food
particles is their attachment to the substrate and formation
of a kind of net by their branched body. Within the class
Hydrozoa, this environmental strategy is clearly expressed
in the orders Anthoathecata and Leptothecata. Other
modular animals not referred to the class Hydrozoa are
also specialized in consuming small food particles from
the surrounding water mass [82, 106, 136]. Only the most
primitive representatives of modular organisms, such as
some corals that have large and innumerous corallites, are
able to feed on large prey [158].

Hydroids and corals capture food objects with their
specialized harpoon cells, cnidocytes. Bryozoans and
camptozoans filter out small particles with cilia on tentacles
located outside of zooid body. Sponges and ascidians also
filter water with cilia, but by passing it through the cavities
of their bodies.

The transition from the unitary to the modular
organization ensures the formation of a networked
body without significant rearrangements of the primary
structure.

With increasing the number of organs for food capturing,
the success of each individual attempt to retain prey
becomes less significant, whereas the size of the “net”
and the way of its optimal spatial organization become
the main factors of successful feeding. Therefore, of
paramount importance are the order of body branching
and the distance between zooids.

This trend is clearly seen in every group of modular
animals. In hydroids and eight-ray corals (Octocorallia),
the most perfect are the feather-like shoots that are oriented
across the prevailing water current [87, 105, 133, 151,
156]. The formation of such a structure is accompanied
by ordering of its branching and restricting of the growth
of zooids and higher-order branches [43, 103]. The
effectiveness of filtration [45] and, therefore, of growth
and reproduction depends on the ability to withstand the
flow of water. A number of features of shoot morphology
determine the ability to withstand bending, i.e. the
ability to stay across the flow of water [108]. The shoots
of hydroids become stronger when shoot stem diameter
and walls thickness increase, several trunks are fused
(polysiphonism), the inclination angles of hydranth axes
relative to trunk axis are decreased, the calycles are fused
with the trunk, hydranth and calycle size is decreased to
the extent that calycles become constrained inside the
trunk, etc.

Modular organisms of plants have a similar arrangement.
Leaves are analogous to zooids. The size of the leaves
and their optimal distribution in space are important
for capturing sunlight. In the evolution of the modular
organization of plants, the importance of the optimal
arrangement of light-capturing leaves rather than of their
size increased.

Ingrowth into the environment

Sessile organisms usually dwell in a complexly organized
space among other organisms, both modular and unitary.
Being unable to change their position by movements and
other behaviors, modular organisms, nevertheless, can
perfectly conform to the spatial heterogeneity of their
environment [93]. The simplest form of ingrowth into the
habitat is manifested as the dependency of the form of
a colony on the form of its limiting substrate. Thus, the
stolon of the hydroid Orthopyxis crenata grows mostly
longitudinally [6] on the long and narrow leaves of the alga
Phyllospadix iwatensis.

The shape of a coral colony often depends on the
environmental anisotropy, which manifests itself, e.g.,
in uneven illumination or horizontally stratified water
flow [77, 120, 155]. In densely packed communities of
corals, any colony turns out to conform exactly to the
intricate shape of free space between the neighboring
colonies. Coral branch growth stops when adjacent
sessile organisms are approached. Stinging cells shoot
at dangerously approaching objects. Such combats and
their consequences are amply described in the literature
[135]. The same maybe seen in the case of plants [72, 127,
147]. Fir trees that grow on open space are symmetric,
whereas those that grow in a forest close to other trees
are asymmetric. Such asymmetry of an individual tree is
determined by the proximity of the neighboring trees on
its one side and of free space on its other side.

The shapes of all modular organisms are very diverse,
vary in the course of their development and correspond to
the area occupied by them in the environment. In plants,
the growth of branches is inhibited in the shade, including
the shade of a neighboring plant crown [127]. At the same
time, branches grow faster on the illuminated side. In the
case of hydroids, the growth of the pivot of a colony, i.e. its
stolon, and of the outgoing side stolons and shoots depends
on the amount of food received by zooids in a particular
part of the colony [3]. Growth in the direction where food
is most limited slows down or discontinuer. Growth in the
direction where food is ample is accelerated, additional
shoots are formed there, and lateral branches of the stolon,
shoots on them, and lateral branches of the shoots develop.
A colony sort of “grows into the available space” and, as
aresult, closely conforms to it spatially due to branching.
The planes of feather-like shoots of hydroids (Abictinaria,
Sertularia, etc.) and eight-ray corals (e.g., Gorgonaria)
always stand across the predominant direction of water
flow [133].

Modular organism “ingrowth” into the surrounding
anisotropic space is based not only on a certain degree
of independence of processes in the different parts of an
organism, but also on the mandatory general organismal
integrity. The integrity manifests itself, first, in allocating
food resources to those parts of an organism that cannot
feed themselves, primarily to the growth zones, and,
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second, in the termination of growth zones functioning
in the inefficient body parts and in the orderly resorption of
zooids and coenosarc where food is chronically deficient,
followed by digesting the cells of these zooids and by
transporting the nutrients thus released to the other parts
of the colonial organism [5].

Overcoming of Age Restrictions

Changes in the shape of a colonial organism are
facilitated by not only the uneven growth of its various
parts, but also by the short “lifespan” of zooids. The
duration of functioning of food-producing zooids in the
hydroids of the order Leptothecata, e.g. in a Gonothyraea
loveni colony, ranges from two to nine days, whereas the
colonial organism itself lives for more than a year [42].
Zooids in hydroids referred to this order grow old and
dissolve due to depletion of some cells [80, 40] that are
spent in the course prey catching (cnidocytes) or digesting
(gastrodermal cells). This is the price for miniaturization
and specialization in feeding on small prey.

The cells that make up a zooid do not just disappear for
nothing by the end of its life cycle. Instead, they become
digested, i.e., absorbed by their colonial organism not
only where an aged hydranth dissolves, but by other parts
of the body too. During resorption, a zooid undergoes
successive stages of dedifferentiation, similar to the
reverse development, i.e., tentacles become shorter and
then disappear, and the body of the zooid rounds up and
shrinks [98]. At the same time, cells from zooid walls enter
the gastrovascular cavity where they disintegrate, and
their fragments are transported by hydroplasm to other
parts of the colony [73].

If there is enough food in the colony, new zooids form
within 24 hours at the site of the dissolved zooids, but
this does not happen if food is scarce [33]. Upon a more
severe starvation, the oldest part of the colony body, its
coenosarc, undergoes resorption [3, 5]. Thus, the form
of the colony changes not only due to its growth, but
also due to involution depending on the availability of
food. Old zooids and shoots resorption associated with
the continuing growth of stolons slows down colony
movement on its substrate.

Repeated events of zooids formation or coenosarc
restoration is an amazing example of rejuvenation of an
organism [42]. Young zooids replace the resolved ones
thus making it possible to overcome age limitations.

Body decentralization is the main prerequisite
for significant changes in body shape, as well as for
rejuvenation of the components of a colonial organism.

The Size of a Modular Organism

The size of a modular organism, i.e. the number of its
zooids and the extent of their control over the surrounding
space, determines the prosperity of the respective species.
Whereas in the unitary organisms their body weight and

strength and the size of their mouthpiece determine the
maximum size of their prey, in the modular organisms
their body size primarily determines the size of the
“trapping network”, which is a set of small trapping organs
distributed in space.

Since the bulk of food captured by individual zooids is
consumed not by those zooids that have acquired it, but,
instead, is assimilated by the other parts of the colonial
organism [24], the growth, branching, and eventually the
rate of further increase in the colonial organism depend
directly on the number of zooids.

Theoretically, there are no limits to body size and age
in the modular organisms. The most striking findings to
illustrate this assertion have been obtained in studies of
the aspen-poplar (Populus tremuloides), which produces
shoots from a system of branched rhizomes. The estimated
weight of this huge branched organism, which has been
growing for more than 80,000 years over a large area in
the Fishlake forest (the USA), is about 6,000 tons [118].

Colonial animals, so as trees, could grow indefinitely, if
not for external circumstances. Many hydroids die under
layers of precipitates or of sediments formed by new
organisms or die after the death of the algal substrate on
which they grow. Corals can reach enormous ages, up to
hundreds and even thousands years [129, 137], but most
of them live in an overcrowded space where continuous
growth is impossible. Corals may also die because of the
impacts of intense waves able to break calciferous colonies
or because of fouling organisms or environmental changes,
e.g. in temperature regimens. Modular organisms usually
do not die of old age; however, simultaneously with their
body growth, there may take place their spontaneous auto-
fragmentation into parts that continue to grow further [95].
Auto-fragmentation makes it possible to avoid excessive
concentration of zooids in the space occupied by them and
at the same time to continue their vegetative proliferation.

The larger a colony of hydroids is, the longer it is able
to withstand starvation. The physiological integration of
the colony provides for the use of the available cellular
material for nutrition under nutrient deficiency. Whereas
unitary organisms have certain tolerable emaciation
limits, beyond which their organs lose the ability to
perform their functions, a modular organism, by contrast,
reduces the size of its body by decreasing the number
of identical modules [34, 80]. In doing so, the organism
remains viable and can recover even from a single zooid or
a fragment of its coenosarc. The simplicity of organization
and multiplication of all vital organs of colonial organisms
is what ensures their high viability.

The larger a colony, the more prolific it is. The number
of reproductive units produced (medusas, planulas, or
frustules) depends on the size of the colonial organism and
can vary within very wide limits. There are many examples
of high fertility of unitary organisms. The number of germ
cells in one unitary individual may amount to thousands.
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However, this does not mean that the fertility of a unitary
organism can increase thousand times in a favorable year.
The fertility of a population of unitary organisms depends
on not only living conditions, including the abundance
and availability of food, but, also, on the size of the fertile
population, which is determined by the previous breeding
cycles and habitat conditions. No matter how optimal
conditions for reproduction develop in a given year, the
number of breeding individuals usually increases only
slightly (mainly due to reduction in their mortality).

In this regard, the modular organisms are different,
especially those that feature a high growth rate. Under
favorable conditions, a modular organism increases in
size many times before it begins reproduction. Thus, the
modular arrangement is better adapted to rapid changes
in body size and makes it possible to use favorable growth
and propagation seasons more efficiently than it is possible
for the unitary organisms. There is still no direct evidence
in favor of this assertion, but simple calculations show
that the growth and fecundity of fast-growing modular
organisms are much more variable than of the unitary ones.
Only the unitary organisms that are capable of vegetative
reproduction can respond to growth of food resources as
effectively as the modular ones can [10].

The growth rate of a modular organism is determined
by the specific features of its configuration. The slowest
growth rate is featured by massive colonies and the
fastest growth rate, by branched colonies that feature thin
branches. This has been shown in corals [75, 79]. Branched
colonies attributed the genus Acroporacan grow at a rate
of 5 to 20 cm per year, while massive colonies, for example
referred to the genus Montastrea, at a rate of only 1 to
5 mm per year.

In many colonial hydroids, the daily growth rate of
individual branches reaches 1 to 2 mm or more [41, 160].
It is meaningless to calculate their growth per year, since
the time of branches and shoots growth is limited, and
the increase in the length of the entire branched body of a
colonial hydroid depends on its branching. Nevertheless,
it seems worthwhile to cite the following data to compare
colonial hydroids and corals: the length of one stolon of
Gonothyraea loveni or Obelia longissima colony increases
by 5 to 10 cm per month upon moderate uninterrupted
feeding at a temperature of 14 to 16 °C.

Such high growth rate is accounted for by the fact that
stolons and shoots bodies in the colonial hydroids are tubular,
that is almost cylindrical, and the thin walls of the tubes
consist of only two layers of small cells separated by the
basal membrane. Wall thickness of such tubular body is only
20 to 30 m. It is known that generally the surface of a unitary
organism increases twofold when its volume increases three
fold [61]. In colonial hydroids, both the surface and the
volume of their bodies correspond exactly to their linear
dimensions, so by measuring the length of stolons and shoots
one can estimate the weight of the colony by multiplying its

total body length by a certain constant obtained empirically
or by calculations. Upon some allowances, this statement is
also true for all other types of modular organisms: fungi,
plants, other colonial invertebrates [8, 112]. Thus, the modular
structure provides for not only variation of body size within
a wide range, but also for rapid grow under permissive
environmental conditions.

Motility of the Modular Organisms

The vast majority of the modular organisms are sessile,
except for syphonophores (the order Syphonophorae
of the class Hydrozoa), salps and pyrosomes (the class
Thaliacea of the subtype Tunicata), which slowly sail in
water mass due to pulsations of their bell-shaped modules
or whole bodies. This is sufficient for syphonophores to
trap their prey better and for salps and pyrosomes to filter
phytoplankton better. Other sessile modular organisms
cannot travel in space by moving their bodies. However,
they can travel from one place to another due to the growth
of their stolons, which enables them to settle down at new
places at the expense of leaving their died out old parts
behind.

Such subtle and slow displacement along the substrate
can actually lead to significant changes in the conditions
of existence. Many colonial hydroids grow on algae. For
example, D. pumila, G. loveni, and L. flexuosa live on
rockweed thallomes. Dwelling conditions and especially
nutrition often differ significantly on the opposite planes
of the same thallome. On the inner plane, which faces the
neighboring rockweeds, the probability of contact with
a prey is much lower than on the opposite plane, where
water flow in algae thickets is decreased.

Rockweed thallome width does not usually exceed 2 to
3 cm. As a colonial hydroid grows, its stolons reach the
edges of its substrate (in this case, rockweed thallome) and
pass to its opposite side. If hunting conditions are better
on that side, the rates of stolon and shoots growth and
branching increase, thus increasing the number of zooids
and the amount of food received by the colonial organism.

Discussion: extrapolation of conclusions

Studying the decentralized organization as it is
exemplified by the colonial hydroids allows presenting this
phenomenon in its “pure form”, that is, in the absence of
the hierarchically ordered regulation of the vital activity
of an organism and, at the same time, upon multiple
duplications of all processes in it. The parallelisms of
processes and their essential independence from each other
distinguish fundamentally the decentralized organization
from the centralized one. In addition, a system featuring
the decentralized self-regulation is easily represented as a
set of certain processes and simple measurable indicators.

As shown above, the decentralized organization of the
colonial hydroids may be characterized with the following
general features:
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— Multiplication (or, according to Zamorsky,
polymerization [15]) within the limits of a multicellular
organism, which is usually regarded as incomplete
vegetative reproduction;

— The absence of regulatory organs, which are
characteristic of the unitary multicellular animals;

— A considerable independence of components, i.e.
modules and their aggregates (shoots, colony rays), which
is expressed in their independent behavior, growth, and
morphogenesis;

— A high resistance of a colonial organism to impacts
on its individual parts;

— The plasticity of the shapes and a wide variability of
the sizes of adult organisms;

— “Ingrowing” into the surrounding space, that is the
conformance of the shape of a colonial organism to the
surrounding space, which may be anisotropic with regard
to the distribution of environmental factors;

— A network body shape adapted to capture food and to
be fixed on places suitable for life;

— Cyclic morphogenesis, i.e. a repetitive algorithm of the
formation of the modules of a colonial organism;

— Overcoming of age restrictions due to the renewal of
modules by their orderly resorption and substitution with
new ones.

The above characteristics of decentralization are
featured not only by colonial organisms, but also by supra-
organismal biological and social systems, i.c. populations,
ecosystems, and different social groups.

Multiplication

Whereas a colonial organism is formed by incomplete
vegetative proliferation, the populations of any species
exist due to the completed reproduction of organisms,
both sexual and asexual. In both cases, the repeated
reproduction of stereotyped components is indispensable
for maintaining a complex system. It is not much important
how to term this process, i.e. reproduction, multiplication,
transcription or polymerization. The result is anyway a set
of similar elements, which are equivalent and therefore
are not co-subordinated hierarchically in terms of their
interactions. An individual is the module of a population.
A cenopopulation of different species and their groups is
the module of an ecosystem. Humans and their groups are
the modules of a social system.

As the components of a system undergo differentiation,
i.e., as their diversity increases and their functions become
divided between them [13, 50], and as the number and
varieties of interactions grow, the degree of integration
of the whole, which consists of numerous elements
(modules), increases. Integration manifests itself in the
ordering of structure (morphological integration) and in
the enhancement of self-regulation processes (functional
integration).

A colony of independent individuals, such as bees or
ants, is a specialized variant of a part of a population
where relationships between the members of a family
are structured, and individuals are specialized in their
specific functions or even are different morphologically
(polymorphism).

A society is a particular case of population featured
by the species Homo sapiens. A diversity of variants of
centralization is possible within it, and multiplication
manifests itself not only in population size, but also in the
sizes of the groups comprising the population.

Within the multiplication context, an ecosystem is the
community of species. This approach makes it possible to
consider integration processes not only between separate
individuals, but also between the cenopopulations of
different species making up a biogenocenosis. The number
of species is determined by the specifics of the habitat and
by the duration of the stable existence of an ecosystem
[130, 161]. Interaction between species in an ecosystem is
generally represented by mutually complementary trophic
levels, i.e. producers, consumers and decomposers, which
provide for the turnover of substances, that is, for the
renewal of resources.

Essential Independence of Components, i.e. Modules
and Their Assemblages

This is a distinguishing feature of all non-centralized
systems. At the same time, connectivity between the parts
and the whole is still quite evident in animal colonies,
in populations, and in ecosystems. Population density
is important for every member of a population. On the
other hand, the condition of each individual can affect
the entire population, e.g. in the case of the spread of
infectious diseases. At the ecosystem level, the stability
of the entire ecosystem is an important factor for each of
the species in it. The stability of an ecosystem depends
on its size and on the degree of species duplication at its
trophic levels [63, 100, 101, 114, 115]. This also reflects the
reciprocal dependence of an ecosystem upon its species.
Hence, non-centralized systems are characterized by both
the essentialin dependence of their components and their
high integrity. The latter is different from the integrity
of an organism, yet is still indispensable for invertebrate
colonies, for populations, and for ecosystems.

The Absence of Regulatory Structures

All non-centralized systems exist without control
structures. Nevertheless, they are characterized by varying
degrees of integrity. The highest integrity is featured by
organisms. Even a decentralized organism is not disunited
but is an integral body. Each individual parts of such an
organism is connected with its other parts by receiving
food or nutrients from them and by at their disposal
completely; that is, for example, zooids of colonial hydroids
may decrease in size (resolve) locally because of a number
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of causes making their cell mass to compensate for the lack
of food in the other locations of a colony.

Colonial insects also lack control structures, although
the activities of an entire anthill or hive community seem
to be ordered and coordinated. This is caused by a high
interactivity between the members of a colony, which
implies that in their activities every member of the colony
affect the others in one way or another. With all irregularity
and stochasticity of their interactions, instincts inherent in
them predetermine the overbalance of the positive results
of activities vs. the negative one.

Thelack of managing structuresis even more characteristic
for populations and ecosystems. The combination of the
habitat proper and the genetically determined responses
to the environmental factors provides for a certain degree
of integrity of both the populations and the ecosystems.
For example, the existence of a forest biogeocenosis is
possible only under certain climatic conditions depending
on the relief and soil. Ponds and lakes are possible only
in the hollows of a relief. That is how the environment
determines the boundaries of an ecosystem. However,
the ecosystem itself changes its habitat and makes the
conditions that contribute to its self-maintenance. For
example, luminance is lower under forest canopy, and this
affects meadow plants growth negatively and forest plants
growth positively.

High Resistance to Impacts on Individual Parts

This is a typical feature of the non-centralized systems.
The higher system integration is, the greater is the effect
of every system component on the rest of the system, and,
therefore, the stronger are the consequences of an impact
on one of the components of the system for the rest of it
[102, 126]. Vice versa, the lower system integration is,
the weaker are the consequences of an impact on one its
component for the rest of them and for the whole system.
All non-centralized systems, be it a modular organism,
an animal colony, a population, or an ecosystem, easily
survive the damage or even the loss of any of their parts
[49, 116, 134, 157].

By contrast, the centralized systems are very vulnerable
to damage. It is easy to kill a unitary organism and
much more difficult to kill a modular organism. High
centralization becomes possible in nature because
numerous genetically identical organisms are reproduced
in a population. The loss of individual organisms is
compensated for by the reproduction of other identical
organisms. Population is a typical non-centralized system
featuring low vulnerability to local impacts.

It is only due to the existence of the non-centralized
organization that centralization becomes possible in the
individuals reproduced in a population. In other words,
high centralization at the organismal level has become
possible only due to the non-centralized self-regulation
and low integration at the population level.

The very existence of the centralized organization of a
system is possible only if there is a well-developed non-
centralized system of which the centralized one is a part.
Thus, centralized and non-centralized self-regulation
are the two sides of the same coin, i.e. one is impossible
without the other.

The Plasticity of the Shape and the High Variability of
the Dimensions of an Object

These properties are expressed in non-centralized
systems much more strongly than in centralized ones, e.g.
in unitary organisms. Actually both, the plastic form and
the indefinite size, are important advantages of the non-
centralized systems compared with the centralized ones.
Any population can provide for the preservation of its
species, regardless of the shape and size of the population,
if death rate does not exceed birth rate.

“Ingrowth” into the Surrounding Space

This ability is featured not only by modular organisms,
such as colonial invertebrates, plants, and fungi, but also
by supra-organismal systems, i.e. populations, ecosystems,
and social groups. All of them produce excessive numbers
of individuals that settle down “randomly” at all possible
locations. Those that found themselves in favorable
habitats survive, and the rest die. This “trial and error”
method makes it possible to use the available space
effectively and to spot places that are difficult to detect
even by sophisticated targeted searching. This is analogous
to speciation by natural selection, as well as to free (i.e.,
non-centralized) market economy. At the first glance, “in-
growth into the environment” is accompanied in all cases
by significant expenditures in terms of both materials and
time. Many individuals die, and many social initiatives
are doomed to fail in the course of the non-centralized
expansion of a population, ecosystem or market. However,
the positive effects cover the costs by allowing a population
to accommodate to a new place, and, in the case of a
successful company, to a new free market niche to gain
more profit. The idea of costs thus proves to be erroneous,
since material losses must be proportioned not only to the
capacity of a system in the present, but also to its capacity
in the future, i.c. as it will develop.

The Network Shape of a Non-Centralized System

In colonial organisms, their non-compacted bodies with
varying degrees of branching are usually well adapted to
capture prey from water stream. This has been established
by using hydroids and corals as examples [45]. In the true
colonies of invertebrates, family members control a large
area around the nest in order to collect prey and protect
the space occupied by them.

In both of the above variants, the net-like harvesting of
food benefits the system as a whole. In a colonial organism,
food obtained by one zooid is transferred to the other parts
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of the body [20, 29-31, 109, 110, 154]. In bryozoans and
ascidians, this occurs despite the absence of a developed
distribution system. This is also true of the hymenoptera
colonies, where all collected food is available to the whole
family and can be used by not only the pickers but by the
other individuals as well.

The shapes of populations are also network-like, but
the integration effect of this coverage of space is much
lower. Populations of all species usually spread over
territories rather than concentrate in single places, which
obviously corresponds to a network and provides for
covering space with such a network. However, populations
usually are not characterized by trophic integrations and
food redistribution. The main advantage of the network
arrangement of a population is the increased probability
of getting food, at least by some of its members. This may
be enough to save the population itself and thus to preserve
the respective species.

For a unitary organism, that is a centralized system, such
logic is unacceptable because usually it is not enough for
the survival of a unitary organism to provide food to only
a part of it since its survival fully depends on the normal
functioning of all its parts.

Cyclic Morphogenesis

In general terms, this means a regular succession of de-
velopmental states, which ends with the transition to the
initial state. According to such generalized understanding,
cyclic morphogenesis is not limited to the organismal lev-
el alone, but is a particular case of the universal law of
cyclicity of natural processes, which is manifested at all
systemic levels [21, 64, 69]. As it is known, not only bio-
logical processes in bodies, populations and ecosystem,
but many physical (e.g. thermodynamics) and chemical
processes (e.g. the Belousov-Zhabotinsky reaction) are cy-
clic too[7]. Social processes also show clear signs of cy-
clicity, e.g. Kondratyev’s cycles in economy [22, 46]. In
recent decades, cyclic processes in economics, business,
history, politics, psychology, etc. were addressed in many
publications.

The succession of generations in a population and wave
propagation in an ecosystem are the closest analogues
of cyclic morphogenesis among a large number of other
analogues [140]. Under the conditions of overt seasonal
cyclicity in the environment, reproduction in populations
and ecosystems may be possible during certain periods
of the year.

However, the cyclic development does not mean that all
“modules” of a system undergo developmental stages si-
multaneously. In a modular organism, the phases of cyclic
morphogenesis of its component systems may be shifted.
In colonial hydroids, the internodes of shoots and stolons
develop independently, whereas bryozoans are characte-
rized by independently developing zooids, and corals, by
independent budding of new zooids within growth zones.

In populations, the individual developmental cycles,
which usually culminate in reaching the adulthood and in
reproduction, also occur independently of each other. In
ecosystems, the incoherence of species reproduction may
be even more pronounced. However, cyclicity in a habitat
common to all may facilitate the synchronization of the
processes that are essentially independent from each other.

Cyclicity may be of exogenous or endogenous origin.
Exogenous cyclicity depends mainly on external changes.
Thus, the seasonal cyclicity is determined by the position
of the Earth in its orbit and the location of a given site on
the Earth.

The endogenous cyclicity is mainly determined by in-
ternal processes in a system. For example, the states of
wakefulness and sleep regularly alternate in many orga-
nisms, one of the states naturally exhausting itself after
some time and making prerequisites for transition to the
other state. Such endogenous cyclicity does not change the
whole system, i.e. does not drive its development.

In another scenario, endogenous cyclicity is accom-
panied by certain unidirectional changes in the state of
a system after the completion of each regular cycle. An
example is the ecological succession, which is a process of
unidirectional annual changes in the proportions of spe-
cies in a biogeocenosis [78, 117, 146]°.

Another example of cyclicity associated with the succes-
sion of an ecosystem is its periodic rejuvenation, that is, re-
turning to the initial or an intermediate state of ecosystem
development. Being the result of some disturbances of the
mature state of the ecosystem because of fires, tempests, or
storms, this is usually followed by another cycle of secon-
dary succession [128].

Cyclicity means that development leads to repetition. Only
when repetition (multiplication, polymerization) becomes a
means for forming multiple stereotyped components of the
whole, conditions are created for decentralized reciprocal in-
teractions of equivalent parts. Thus, the endogenous cyclicity
of development accompanied by multiplication is the basis of
non-centralized self-organization. Such cyclicity is manifes-
ted not only in the formation of a colonial organism, but also
in cell divisions at the previous level of organization, i.e. in
the course of the formation of the multicellular unit organism
of a colony, and at the subsequent levels of organization, i.e.,
at the population and ecosystem levels. The social variants of
“cyclic morphogenesis”, which have their own specific fea-
tures, may be considered by analogy with processes at the
levels of organisms, populations and ecosystems.

Overcoming Age Limitations

Comparison of unicellular and multicellular organisms
offers insights into their age-related features. In unicellular
compared with multicellular organisms, lifespans are
usually shorter by orders or magnitude (if the existence

5 There are various types of successions, but mostly they are driven by inter-
nal factors.
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of the encysted forms of unicellular organisms is not taken
into account). It is difficult to determine the lifespan of
individual cells in a multicellular organism. Nevertheless,
preliminary data about the lifespans of individual types
of human cells suggest that epithelial cells live for 5 days,
epidermal cells for 2 weeks, erythrocytes for 150 days,
and muscular cells in adults, for 15 years on average [150].

In hydras, all cells are renewed during 20 to 30 days
[152], whereas an individual hydra can live for many years
[145]. According to our data, the lifespan of a hydranth of
the colonial hydroid Gonothyraea loveni ranges from two
to fourteen days, whereas the entire colonial organism can
live for several years [42].

Age limitations in the organismal systems are much
more stringent than in the supra-organismal ones.
Adaptation to the environment proceeds better at the
levels of ecosystems and populations and worse at the level
of individual organisms, being limited by their lifespans.

The lifespans of species, which are typical non-
centralized systems®, exceed many times the lifespans of
individuals that constitute them. The maximum lifespan of a
multicellular animals rarely exceeds 100 years, and in many
species is limited to several years [66], whereas the average
duration of species existence, according to paleontological
data derived from various sources, varies from 10,000 to
5 million years [94, 113, 114, 131]. At the same time, it should
be emphasized that at the species level, there is a regular
sequence of stages of the historical development of a species,
including its formation, youth, primetime, and decrement
[90].

At the ecosystem level, adaptation is reflected in varying
species composition of a community depending on the
conditions of its existence. The tundra, the taiga, the steppe
and the desert are vivid examples of responses of respective
biotas to their environments, as manifested not only in
different species composition, but also in the balanced
mutual adjustment of different species to each other, which
is expressed in stable turnovers of biogenic substances.
Considering ecosystems in their development with due regard
to their successions makes it obvious that their lifespans are
indeterminate, although they depend on the stability of living
conditions.

Populations are able to adapt to the specific features of
their habitats due to their genetic variability. The duration
of the existence of a population is difficult to define.
A success of adaptation of ecosystems and populations to
their environments depends not on the duration of their
existence, but on the life expectancy of organisms. A shorter
life expectancy is associated with a higher probability of
rapid adaptation of a species or community to changes in

© Species relate to systems with unclear boundaries and insufficiently de-
fined integrity, because there may have been transitional forms between
species. Nevertheless, a species is a vivid example of a non-centralized
system from the viewpoint of internal relations, i.e. the interaction of indi-
viduals.

conditions, even though the speed of evolution depends on
the duration of life cycle not exclusively, but is determined
by a number of other factors [74].

The nodular organisms represent a variant of partial
removal of age limitations inherent in unitary organisms,
because the modular organization provides for the non-
centralized regulation, which provides for a higher stability
of a system due to an increase in its morphological and
functional plasticity.

Within the above context, age limitations of unitary
organisms are necessary because they increase the probability
of species survival due to adaptation to environmental
conditions.

Combination of the Centralized and Non-centralized
Forms of Self-regulation and the Emergence of
Centralized Regulation at the Level of the Biosphere

The centralized form of self-regulation has emerged in
the course of evolution two times, and, perhaps, the third
time is underway nowadays.

Unicellular organisms were the first centralized
organisms. The function of a regulatory organ was
performed by DNA in them [141, 142]. The emergence of
multicellularity was associated with decentralization, i.e.
the transformation of the unitary organisms was into the
modular ones [18, 123, 124]. The present-time sponges and
trichoplaxes prompt an idea about the arrangement and
functioning of multicellular organisms without central
regulation.

Progressive differentiation of cells [88, 91, 96], body
parts and organ systems enhanced the morphological
and physiological integration in multicellular organisms,
whereas the development of the nervous system was
associated with the consolidation and subsequent
strengthening of the centralized form of self-regulation
[1, 96, 144].

Simultaneously, another decentralization took place
at the multicellular level through incomplete vegetative
reproduction. As a result, the modular multicellular
organisms developed [33]. However, progressing
centralization of multicellular organisms remained to be
the leading vector of evolution to result in the development
of species having a sophisticated brain and higher nervous
activity.

Homo sapiens, which is one of such species, has
become a monopolist. This species has no competitors,
and this has led not only to its prosperity and rapid
intellectual development, but also to increasing pressure
on the nature. Human race has become a powerful
factor affecting the biosphere. Concerns about possible
catastrophic consequences of imbalances in the turnover
cycles in the biosphere made incentives to revise nature
management procedures in the 20" century [37]. However,
the imperfection of social processes hampers the practical
implementation of the recognized principles and methods

T16

This open access translation of the original Russian paper published earlier shall be cited as

Marfenin N.N. Decentralized organism exemplified with colonial hydroid species.

Biosfera. 2016;8:315-337. DOI: 10.24855/biosfera.v8i3.264




MEPEBOM HA AHITIMMCKUM

of rational and sustainable management of nature that
provide for the opportunity to maintain the equilibrium of
the biosphere long enough (by our standards), despite the
anthropogenic impact, which is increasing significantly.

If the Mankind overcomes social contradictions, then,
hopefully, H. sapiens would be able to manage not only
its relationships with nature but also the natural processes
themselves, which would mean the consolidation of the
potentialities of the initially decentralized self-regulation
with the centralized control and with adequate corrections
of deviations from the normal biospheric processes.
Actually, this is what V.I. Vernadsky believed in when he
envisioned the possibility that the biosphere may enter a
qualitatively new state, called the noosphere by him [38].

However, it should be born in mind, no matter how
perfect the centralized organization is, that the highest
reliability is, nevertheless, ensured by the decentralized
self-regulation [9, 85, 86], which thus requires much more
attention than it has received so far.

CONCLUSION

Colonial invertebrates are a vivid example of
decentralized organization. It is believed that coloniality
emerged as a result of the vegetative reproduction, which
was not brought to its completion, that is, because many
of the daughter individuals remained connected to the
maternal one. Plants have a similar structure, except
for that their bodies consist not of individuals, but of
multiple parts referred to several varieties. Both, colonial
invertebrates and multicellular plants, are similar in that
they are characterized by the formation of multiple body
parts, none of which becomes dominant or controlling.
This process, which is universal in nature, is called
polymerization. Parts combined to form an integrated

whole can undergo specialization and integration. If both
of the two processes are not expressed, then such a system
(an organism in the present case) remains non-centralized
yet integral, because, although all its parts (modules) are
equal to each other, their interaction is sufficient to provide
for systemic processes. The non-centralized organization
has several advantages over the centralized one. Thanks to
polymerization, that is multiple duplication, decentralized
organisms are resistant to external impacts and easily
overcome damage or disintegration into fragments. Under
favorable conditions, they can increase their size more
quickly and significantly than their unitary “relatives” can.
The forms of modular organisms vary widely; and due to
that, they can better fit the space occupied by them. The
lifespans of modular compared with unitary organisms
are less limited because the former undergo constant
renewal associated with that younger body parts develop
to replace the older ones, which die or dissolve. Such
features make modular (non-centralized) organisms well
suited for having network-like structures and functioning
modes. Colonial hydroids are a convenient model to
study and simulate such principles of self-organization,
which are featured by other systems, such as populations,
ecosystems, social associations of various levels, and
ultimately the biosphere at large.
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The World2 model of the global socioeconomic system (GSES) was modified using the Mathcad software environment. Based on the resulting
World2-MC model, long-term scenarios of the evolution of GSES were considered, upon the premise that only fuel resources are unrenewable, and
were compared with the main conventional global models and the respective algorithms of transition of modeled systems to stable equilibriums.
With account for the ecological demography data about convergent oscillations of populations in the course of their transitions to steady states
below the maximum population sizes that can be sustained with environmental resources, it has been shown that such convergence may occur
if resources for growth have been accumulated before the growth started. This is what is exactly true for fossil fuel resources. The initial level of
unrenewable resources is underestimated three- to fourfold in the World2 model. The developmental scenarios realized with the World2-MC model
show that increasing the initial levels of resources may lead to oscillations of all components of a modeled system. The numbers of the oscillations
range from two to four, and population size in each of the oscillation is limited by not fuel resources but by food deficit and environmental pollution.
Each scenario leads to a stationary population size ranging from 1.3 to 1.5 billion. In scenarios accounting for shale oil resources, oscillations
number may be as high as 15. Increasing the available power with thermonuclear power production will fransform developmental trajectories into
undamped harmonic oscillators. Only population conirol measures can be effective in preventing the repetitions of population size oscillations.
The first oscillation is already inevitable. The time to prevent it has been lost. A stationary state is possible only following the first or the second
oscillation. The optimal time of transition to a final stationary state depends on the position of the local stationary state of population size in time.
This state is determined by the phase portrait in the “population size — relative population increment” plain (Allee curve). Population size in a
local stationary state is assumed as the initial condition in the logistic model of population growth, and the tolerable threshold of population
size is found to be 1.5 billion. The time to Lyapunov stationary state of GSES critically depends on a single parameter, which is the coefficient of
population size increment at a local stationary point.

Keywords: civilization, global model, fuel resources, oscillatory development, stationary state.

INTRODUCTION

of making models of social systems and conducting

The humankind is currently going through demographic,
socioeconomic, and environmental crises prone with
catastrophic consequences, which are unrecognized by
ignoramuses and disregarded by optimists. The recent concept
of “sustainable development”, i.e. development that meets
the needs of the present without compromising the ability of
future generations to meet their own needs, is comforting;
however, it cannot be helpful in searching for approaches to
preventing or ameliorating the looming collapse.

Helpful in this regard may be the mathematical
models of global development. Jay Wright Forrester who
developed the first of such models declared his concept
of global modelling at a special meeting of the US House
of Representative as the following: “The human mind is
not adapted to interpreting how social systems behave.
In the long history of evolution it has not been necessary
until very recent historical times for people to understand
complex feedback systems. Social systems are far more
complex and harder to understand than technological
systems. Why then do we not use the same approach

laboratory experiments before adopting new laws and
government programs? I suggest that we now do know
enough to make useful models of social systems”.

The shrewd investigator delineated the critically
important components of the global system to include
them in his World2 model, which makes the basis of a
number of further global modelling attempts, including
the one described in the present paper.

The paper is about long-term prospects for human
civilization as it depends on the global socioeconomic
system (GSES). It will be shown below that in the
XXI century the humankind will face not a collapse
but a profound crisis followed by recovery. In the
third millennium, GSES will go through a number of
developmental cycles, which will depends on power
availability. Any transition to a stationary trajectory,
which may be tolerable for the biosphere, is possible only
after the first or some subsequent developmental cycle is
completed. The logistic model of population size growth is
shown to be the most relevant for such transition.
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1. Searching for ways to global
equilibrium
1.1. Malthus’s concept

In 1798, the English cleric and scholar Thomas Robert
Malthus issues the book “An Essay of the Principle of
Population” where he proposed the simplest model of
population size (P) growth, which may represented with
the equation:

dpP

—=gP ’ )

t
where ¢ is time, and & = const > 0 is the rate of natural may
be called population growth factor.
The solution of Eq. 1 is:

P(t)= Re™ ™ ),
where P is population size at , and e is the base of natural
logarithm.

In classic ecological demography, the plot of an expo-
nential increase in population size (Eq. 2) is called biotic
potential curve. The increase is consistent with that when
time (not resources abundance!) increases arithmetical-
ly, population size increases geometrically if there are no
factors that restrain population growth. Population size is
constant when ¢ = 0 and decreases when ¢ < 0.

In wild animal populations, negative correlations between
¢ and P are typical suggesting the existence of factors that
limit population growth to an optimal size corresponding
to the carrying capacity of the environment. The only spe-
cies that features a positive correlation between ¢ and P is
Homo sapiens (human intelligent). Indeed, during the last
190 years the total human population increased from ca.
1 billion in 1827 to 7.3 in 2016, the values of ¢ increasing
too: &(1880) = 0,0065, £(1945) = 0,0133, &(1968) = 0,0191,
£(1981) = 0,0179, £(1993) = 0,014, and £(2006) = 0,0128.
Thus, human population on the Earth was increasing in
1827 through 1968 even faster than it may follow from the
Malthus model. By the words of M. Mesarovich and E. Pes-
tel who developed one of global development models, the
world is affected by cancer, which is the human race.

In the model by Eq. 2, no factors can limit population
growth. It is assumed on an intuitive basis that food shor-
tage will ruin GSES and, therefore, the apocalypses may
be delayed by wars, epidemics, and famines. The antihu-
man and unsubstantiated spirit of such assertions were
the reasons for proponents of communism to criticize the
Malthusian concept severely and to treat it as an antiscien-
tific and reactionary theory.

1.2. Malthuses with computers, or
prophets?!
In 1971-1974, JW. Forrester and O.L. Meadows
developed the first global models of GSES development,

! Christopher Freeman. Malthus with a computer, Futures, Volume 5, Issue
1, 1973, Pages 5-13, ISSN 0016-3287, https://doi.org/10.1016/0016-
3287(73)90053-0. (http://www.sciencedirect.com/science/article/pii/
0016328773900530).

World2 and World3. The models are based on systemic
dynamics principles implemented in a method of studies of
complex systems having nonlinear feedbacks, which had
been developed at Massachusetts Institute of Technology
[32, 39]. The English economist K. Freeman who was
dissatisfied with the apocalyptic prophecies derived from
World3 modeling nicknamed World3 author as “Malthus
with a computer”. The nickname may be judged as either
areproach or a compliment. The reproach is for predicting
demographic, economic and environmental catastrophes
by the end of the XXI century. The compliment is for
the clarity of the model providing for understanding the
validity of its predictions.

The model World2 is, basically, a system of 5"-order
ordinary differential equations. The right parts of the
equations are defined with graphic or tabulated data
presenting nonlinear relationships between the components
of GSES, such as population size P, capital investment’
K, the share of the agricultural capital investment X,
environmental pollution Z, and nonrenewable natural
resources R [32]. Equations for the above variables are
constructed based on the balance principle:

dp/dt=V'-V",i=1,2,3,4; 3)
where: V" and V" are the rates of increases or decreases in
the components of a system, and ¢, is one of the components.

In equations for the variable R, the balance principle is ir-
relevant. Nonrenewable resources can only decrease at a rate
V.-, which depends on population size and living standards.

GSES development in 1900 through 2100 was modeled.
The initial conditions were defined based on available global
statistics data. The model segment related to 1900 through
1970 was represented analytically, and its parameters were
determined by varying their values and tabulated relation-
ships at accuracies defined by available historical data.

World2 computations suggested that, upon current deve-
lopmental trends, the explosive development of GSES in the
XX century will be followed by GSES collapse associated
with the exhaustion of the unrenewable natural resources,
including all sources of food, and with environmental pol-
lution (Fig. 1).

Starting from the years 2020-2030, global human
population growth is envisioned to discontinue and
then, over the subsequent 75 years, population size
must decrease by 2 billion. There will be left less than
1/3 of the initial amount of natural resources. By 2050,
environmental pollution will be 7 to 8 fold higher than in
1970. Diminished natural and labor resources will lead by
mid-XXI century to considerable decreases in industrial
and agricultural outputs.

In search for means of preventing the catastrophe,
J. Forrester suggested the concept of transition to global
equilibrium based on zero GSES growth. Several
modeling scenarios have shown that such a transition is

2 This term is adopted in the book by J.W. Forrester “World dynamics”.
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Fig. 1. The temporal variability of GSES components according to the basic scenario of World2 model [32]. The initial natural resources

(100%) are assumed to amount to 900% 107 resource units (RU)

feasible within the years 1990-2100 upon the following
constraints: the consumption of the nonrenewable natural
resources must decrease four times relative to its rate as
of 1970; pollutants generations must decrease two times;
investments in economy must decrease two times; food
production, by 20%; and birth rate, by 30%. Obviously,
these constrains are unrealistic.

The apocalyptic prophecy aroused much tumult in
public. Critical comments, such as that GSES structure
is too simple and comprises no means to control its
development, motivated the Club of Rome to continue
sponsoring the development of global models. The
next model World3 was developed by the team lead by
D.L. Meadows [39].

The model World3 comprises 12 basic first-order ODE,
16 accessory ODE designed to capture the effects of
smoothing and temporal delaying of some socioeconomic
parameters, and a number of algebraic and tabulated
inputs. The components of the model include four age
groups of human population, capital investments assigned
to industrial and servicing enterprises, the areas of

potentially cultivable lands, urbanized areas, soil erosion
areas, environmental pollution, and nonrenewable natural
resources.

The sophistication of Wold3 structure produced no
significant effects on modeling results. Computations
suggested once again that, in the second half of the
XXI century, there must occur demographic, economic
and environmental catastrophes caused by rapid population
growth, food shortage, environmental pollution, and
nonrenewable resources exhaustion. The only means to
prevent the collapse of GSES, that is to come to “a global
equilibrium”, is, according to World3, the immediate
(i.e. starting from early 1970ies) implementation of the
following: birth rate must not exceed death rate; population
size must be stabilized at a level as of 1945 (ca. 2.6 billion)
and industrial production, as of 1980; per capita resource
consumption must not exceed 1/8 of the level as of 1970;
the lifetime of capital investment must be increased
1.5 times, and pollutant generation per production unit
must not exceed Y4 of the level as of 1970. Obviously, this
all is unfeasible.
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1.3. Spatially compartmentalized
global models

The above global models did not account for the regional
differences within GSES. The subsequent elaboration
of models made them increasingly complex because of
transition from pointwise (spatially homogenous) to
blockwise models that were structured in spatial terms
(compartmentalized). The world was regarded as not a
whole, but as a differentiated entity. Novel economic,
demographic, and environmental components were
devised, and the previous ones were disassembled. Diverse
mathematical techniques of representation of mental
images of the real world were devised. The new projects
included “Strategy of Survival” (M. Mesarovich and
E. Pestel [40]), Latin American Model (Herrera et al. [33-
35, 42]), and the Japanese “New Vision for Development”
(Y. Kaya [36]).

The trust in an increasingly closer correspondence
between a model and the original resulted in the emergence
of monster models, which in fact obscured the principles
of GSES functioning and shortened the tractable temporal
ranges of modeling, e.g., to 19752025 in “Strategy of
Survival”, 1975-2100 in the Latin American model, and
19702010 in the Japanese model.

“Strategy of Survival”

An exemplary monster model is “Strategy of Survival”,
where interactions between 10 regions (North America,
West Europe, Japan, Australia and South Africa, East Eu-
rope, Latin America, Middle East and North Africa, Trop-
ic Africa, Southeast Asia, and China) are treated. Each
region is represented with a system of sub-models related
to economy, demography, energetics etc. For each region,
19 categories of industrial, 2 of agricultural, and 5 of en-
ergetics-related capital investments are envisioned. Sepa-
rately considered are asserts related to fishery and mining
industries. The region are interconnected via migration,
export, and import.

The preoccupation of the authors of the model with dif-
ferentiation and particularization is apparent from the fol-
lowing examples. In demographic sub-models, mortality
and age transitions of 85 age-stratified subgroups are con-
sidered. In production sub-models, net production rates
of 26 foods, including eggs, honey, and giblets, are in-
cluded. In a review of reports for the Club of Rome?, it is
noted that, whereas the Meadows’s model includes about
one thousand equations, there are more than two hundred
thousand equation in the model devised by Mesarovich
and Pestel.

Clearly, the model “Strategy of Survival” violates one of
the key principles of systems analysis, i.e. not all, but only
the most significant relationships within a system under
study should be mapped onto its model. This is because

3 http://www.ihst.ru/~biosphere/Mag_3/gvishiani.htm

the equations included in a model cannot describe the re-
lated phenomena exactly, and data obtained by socioeco-
nomic and environmental monitoring are burdened with
noise generated by measurements and sampling errors.
Since the equations are essentially nonlinear, the noise
is not dampened but instead is amplified by solving them
thus making the solutions probabilistic rather than deter-
ministic [4]. Therefore, on long time intervals, the mod-
els World2 and World3, which are pointwise, in terms of
T.A. Aizatullin’s classification®, are preferable over com-
partmentalized models.

The main inference from the model is that GSES is un-
der the threat of not a single global catastrophe in epy
mid-XXI century, but of a series of regional catastrophes
at different times and in different regions due to different
reasons. The “novelty” of this conclusion in association
with its labor intensiveness prompted to S.D. Dadayan the
metaphor “computer without Malthus™ for the team of its
developers [10, p. 145]. The structure of the model may be
characterized as so excessively complicated that it takes
months to understand what it is about if not to believe it by
default. This makes it is hard to tell genuine conclusions
from the input assumptions of the model.

The Latin American model of global development.

This model relates to four regions: Africa, Latin
America, Asia, and developed countries. It includes five
sub-models related to population, economy and housing,
urbanization, education, and nutrition. The regions interact
via trade and gratuitous aid. The global crisis is assumed
to have already occurred because of the fallaciousness
of consumer society. The crisis is not associated with
natural resource exhaustion and environmental pollution.
It is assumed that R&D progress will allow cost effective
developing of minefields even upon their constantly
decreasing productivity, that nuclear synthesis will
become an inexhaustible source of energy, and that the
development of waste treatment technologies will solve
the environmental protection problems.

The development of each region is modeled by solving
an optimization problem. The shares of capital investment
and labor resources are assumed as the guiding parameters.
Two scenarios are modeled. According to the first one, the
developed countries refuse to provide gratuitous aid. Then
the components of the developed countries sub-model
must reach stationary conditions in 20-30 years after the
starting time, i.e. by 1980. The same must occur ten years
later in Latin America and never in Asia and Africa, even
upon an optimum governance. According to the second
scenario, aid is provided to developing countries starting
from 1980. Ten years after that, the aid reaches 2% of the
annual product of the capital generation sector of economy
of developed countries. According to this scenario, a

4 https://studopedia.ru/2_32769_tipi-matematicheskih-modeley.html
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governance regimen that ensures stationary conditions of
all regions is possible. In Asia and Africa, the stationary
conditions are reached in about 60 years.

Thus, it has been shown, using a spatially
compartmentalized global model, that economic aid
provided by the developed countries to the developing
regions of the world can prevent catastrophes and drive
GSES to stationarity.

Global economic models

Some models are designed to tackle specific global
problems. Often such models either lack some of the
subsystems of the global system or include them as
external or predefined variables. “Such approaches are
prone with the loss of the main advantages of global
modeling, i.e. the systems analysis of reciprocal influences
of different factors and processes on each other. Such
specialized models should be constructed by not excising
of blocks from the general structure of a global models but
by disaggregation of one or several blocks upon obligatory
preservation, let it be even in a most aggregated mode,
with the rest of the global model [11, p. 20].

A special place among economic models belongs
to the project “The Future of the World Economy” run
under the guidance of the Novel Laurecate V. Leontief
[37]. The project is based on the method of intersectorial
modeling known as input-output production analysis.
For each of 15 world regions, 45 sectors of economy are
modeled, including 22 industry and construction sectors,
4 agriculture sectors, and sectors related to trade, services,
transport, and communication. Environmental pollution
is modeled with account for 8 types of pollutants and
5 waste treatment methods. The model, which comprises
2500 equations, envisions 8 scenarios of global economy
development in the period of 1980—2000 and is aimed at
designing the economic development of the world.

The system LINK developed by the Nobel Laureate
L. Klein [12] is an agglomeration of independently
designed models of countries and regions of the World,
which are combined via the international trade sub-model
to form a Global Model. The system includes the models
of the economies of the USA (207 equations), Canada
(183 equations), France (32 equations), United Kingdom
(226 equations) etc. — more than 20 regional models. The
system is designed to make economic prognoses for up to
three years ahead.

Of special interest is the model “The Future of Civilization
and the Strategy of Civilizational Partnership”, which
has been developed under the aegis of Pitirim Sorokin-
Nikolai Kondratyev International Institute in Russia and
Kazakhstan by a team of researchers [1]. The forecasting
technique in this case is based on additive logistic and
cyclic models. Their parameters are determined by
applying the least square method to time series related
to the period of 1950-2006. The model has yielded a

prognosis of advances in technologies and labor force
balances in 12 local civilization and countries therein.
However, the model is, basically, a statistical one and thus
may be regarded as fully workable only a posteriori, so
as other similar models. The modeled prognoses for up to
the year 2050 may be valid only as far as the economic
situations of 1950-2007, which were used for learning,
may be recapitulated.

Models of regional development

The first modeling-based reports presented to the
Club of Rome, «especially “Limits to Growth” with its
worldwide resonance, gave a strong impetus to global
modeling efforts in 1970ies. However, the more models
were being developed, the less public attention they
were attracting, and thus interest to them was becoming
increasingly limited to a narrow group of specialists. The
Club of Rome gave heed to the reprimands related to its
preoccupation with techniques and started searching for
broader approaches to global problems»’. This resulted in
a sort of inversion of the different phases of global studies:
systems analysis was replaced with system approach, and
mathematical models were replaced with verbal reasoning.

However, such inversions do not last for long. “Narrow”
specialists went on to develop global and regional models.

The first spatially structured regional model was,
perhaps, another recapitulation of World2 applied to
a study of interactions of “rich” and “poor” regions of
Switzerland [43].

The regional model of the system “USSR—Cities—
Villages—Leningrad”, which was developed at Leningrad
(currently Saint-Petersburg) University, is a symbiosis of
World2 and World3 models [26, 27]. Tabulated relationships
between demographic, economic, and environmental
processes accounted for in the models were obtained
from State Statistical Records of the USSR. The model
implemented the principle of priority of upper hierarchical
levels over lower ones, i.e., a country can influence its
regions being independent from their influences.

More detailed descriptions of the above and other
important pointwise and spatially compartmentalized
models may be found in the monograph “Global
Models of Humankind Development” by G.V. Osipov
and V.A. Lisichkin [14]. In a useful review [44] the
methodology of studying of what its authors name
anthropocene is discussed, and a list of publications that
address socioeconomic systems modelling is presented.

1.4. Restoring the finite natural
resources
A number of papers published in the USSR and the Rus-
sian Federation addressed the issue of searching for algo-
rithms that can lead global models to stationary conditions

5 http://www.ihst.ru/~biosphere/Mag_3/gvishiani.htm
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(global equilibrium). The authors did not construct novel
models but rather modified the models World2 and World3.
The studies were based on the idea of reallocation of world
capital investment investment in favor of the industrial res-
toration of spent unrenewable natural resources and the gen-
eration of useful products from pollutants. This was assumed
as implementable worldwide during the nearest 30—50 years
of model time, i.e. the period predicted by the developers of
World2 and World3 to precede the global catastrophe.

The first such modification of World2 was suggested by
V.A. Yegorov et al. [11]. The authors introduced to the right
parts of the equations that capture the nonrenewable resour-
ces and environmental pollution the additive control mem-
bers ( KUJ/CQ ) and ( KU2/CY ), and to the right part of
the equation that captures the agricultural capital investment
they introduced the multiplier (1-U,? ). The parameters U,
U, U/ are the shares of capital investment K that are allo-
cated to restoration of natural resources, mitigation of en-
vironmental pollution, and management of agriculture, re-
spectively. C%=0,3 and C)= 0,4 are the amounts of capital
investment units (CU) that are required to restore one unit
of resources and eliminate one unit of pollution. The controls
for UJ, Uland U are functions of time. After they have
been defined, it is possible to reallocate capital investment
K between traditional and novel industrial sectors. To define
the control functions, the optimum control problem have to
be solved by defining a criterion and finding a function that
maximizes the criterion. This variational problem was solved
for the period from 1975 to 2100, and the solution sugges-
ted that it is possible to prevent a global catastrophe in the
XXI century. For that, the capital investment of enterprises
intended for restoration of resources and prevention of pol-
lution must increase annually to become in the XXI cen-
tury comparable to the capital investment of all industries
“...that is, human labor intended for prevention of the eco-
nomic crisis must be quantitatively comparable with human
labor in all other fields of human activities” [11, p. 140]. The
questions however remains how long can the restoration of
resources last after the year 2100. The resources are finite
all over the geographic envelope and, according to World2
algorithm, are consumed for production and cannot all be
restored completely.

A thorough modification of the global model World2 and
World3 was performed by a research group led by V.M. Ma-
trosov. In addition to the traditional World2 components, the
modification included new variables, such as technological
progress, political tension, and total plant biomass, which in-
fluence capital investment reallocation in favor of restoration
of the nonrenewable resources and correction of agricultural
capital investment as it interpreted by the V.N. Yegorov. No
optimization procedures were used in the model. Neverthe-
less, upon the use of only the functional relations between
model components, stable stationary conditions of GSES
were reached. The algorithm of the model is advantageous
in taking account for causal relationships between technolog-

ical progress, political tension and ecological variables and is
disadvantageous in adopting the hypothesis that it is possible,
at least in the nearest decades, to restore the nonrenewable
resources, except for rare metals.

One more World2 modification, perhaps the most interes-
ting one, is designed by S.A. Makhov [17]. In this model, so
as in Yegorov’s one, a part of capital investment is allocated
to restoration of resources and to prevention of pollution;
however, no controls for agriculture are introduced. The con-
trols U, and U, are not functions of time. To define them,
World2 is supplemented with two equations:

dU, _ Gr(Ry) = Uy , @)
dr T,

and dUz — Gz (Zv) - Uz s (5)
di T,

where: G, and G, are investments in industries for resto-
ration of nonrenewable resources and for removal of pollu-
tants from the environment; R, and Z are the shares of the
remaining resources and of the specific pollution (these are
World2 variables); and T, and T, are the periods of the
losses of the capital investment of the respective industrial
sectors.

For G, (R,) and G,(Z), functions have been found that
guarantee stationary conditions of GSES, and their para-
meters have been determined. In particular, it has been estab-
lished that G, (R,) must be hyperbolic, whereas G,(Z) must
be linear. The equations of the modified World2 model were
integrated on the period between the years 1900 and 2200. It
was found that transition to stationarity must occur before the
year 2150. It has been also determined that “good” stationary
solutions are possible upon G,= 0, i.e. the constancy of pol-
lution level. Possibilities for such stationary regimens have
been shown to exist only if the industries designed for resto-
ration of resources and elimination of pollution re launched
no later than in 2030. Regretfully, such bright prospects are
based, once again, on the assumption that the capital invest-
ment of the newly developed industries in the XXI century
is comparable with that of the traditional industries.

2. Developmental cycles are typical
for the evolution of civilization
2.1. Cyclic phenomena in population
ecology

From the standpoint of population ecology, the
apocalypse predicted by Wold2 and World3 models
does not seem fatal. The rational for this assertion is as
follows. The two known types of population growth are
characterized with J- and S-like growth curves [20]. With
a J-like curve, a population first increases exponentially,
and then, due to negative feedback from the environment,
the growth discontinues. The population exhausts available
resources. Proliferation ceases and mortality increases.
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A decrease in population size is followed by relaxation
oscillations (Fig. 2A, A,). Many species featuring
complex and lengthy life cycles exhibit S-like curves for
changes in the sizes of their populations. A population first
grows, and then its size undergoes damped oscillations
near some equilibrium level (Fig. 2B,, B,). The level is the
maximum corresponding to the carrying capacity of the
environment.

Two causes of oscillations of animal populations are
envisioned [20]. The first cause is that nutrients and other
vital resources may have accumulated before the start
of the S-growth of a population. For a time, organisms
have sufficient resources for overshooting the maximum
population size that the environment can support
constantly. The second cause relates to a lag between
population size increase under favorable conditions and
the negative feedback from the environment, which
develops when overpopulation is achieved. The lag, which
is roughly equivalent to the maturation period of the
organisms, makes it possible for the population to exceed
the maximum size sustainable by the environment.

A
The limit for N -~

I )
2
k7
=
[
o

Time —»
A-l
A-2

The same factors must be at work when it comes to the
humankind. As a component of fauna, the human race
cannot but obey the laws valid for the whole biosphere.
Fossil fuels, ores and other resources, which are consumed
by humans due to technological advances, have been
accumulating over geological epochs and today sustain
human population size above the level that the environment
can bear on a constant basis.

According to E.P. Odum’s opinion on this matter (see
[20]), the Mankind has two options. The first one is to allow
the unlimited growth of population until its density will
exceed limits determined by the availability of food and
other resources. After that, most humans will die or fall
into misery until population density will decrease (or limits
increase, if possible). This is the time when more population
bursts may occur if no control measures will be taken (Fig. 3).
The other options is to acknowledge that overpopulation is
the problem. By taking responsibility for it, humans will be
able take appropriate measures, such as global birth control,
limited land use, environmental protection and restoration,
and refusal from stimuli for economic growth.

B-1

- —— i — ks

Fig. 2. Examples of population growth curves [20]. A — Exponential growth: the J-curve and variations thereof. B — Logistic growth: the

S-curve and variations thereof
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Fig. 3. Changes in population size of the Australian psyllid Cardiaspina albitextura, which feeds on the eucalyptus Eucalyptus blakelyi
[20]. Normally, population density is limited by the combination of factors, such as weather, predators, parasites, which may be either
dependent on or independent from the density, and thus is stabilized at a relative low level. Occasionally, the population evades the

natural regulation and exhibits overshoots to higher density levels

2.2. Estimating the critical size of
global human population

The estimate is based on the biospheric concept of
the development of GSES. The concept put forward by
V.G. Gorshkov and K. Ya. Kontratyev [8, 13] is derived
from the theory of natural biological regulation. The
authors believe that the biosphere is able to remain stable,
i.e., to compensate for any disturbances caused by human
activities as far as the consumption of the biotic output
by humans is within ca. 1%. The rest 99% of the output
is required to stabilize the environment. The authors
estimate that the 1% threshold was exceeded early in
the XX century. In the recent decades, humans directly
use 6-8% of the biotic output. Moreover, 30% to 32% of
the annual output of the “intact” biota is consumed by
humans indirectly, i.e. by replacing natural biocenosises
with agrobiocenosises in combination with urbanization,
desertification and so forth [13].

The critical size of global human population may be
calculated based on the estimates of the primary output
of the biosphere and of the nutritional norm of human
population with account for the Lindeman-Odum “10%
law”.

Several estimates of the primary output of the biosphere
have been made. According to E. Odum [20], the
productivity of the terrestrial biomes is 57.4 - 10'° kcal/
year, and of the marine biomes, 43.6 - 10'° kcal/year.
Assuming that the energy value of terrestrial plants is
4.5 kcal per 1 g of dry matter, the annual output of the
terrestrial biomes may be estimated as amounting to

127 - 10° tons of dry matter, and of the marine biomes, to

97 - 10° tons. Tentative estimates of annual net terrestrial
and marine outputs are 63 - 10°and 48 - 10° tons of dry
matter, respectively.

According to Whittaker and Likens (see [5]), the net
annual primary output of the biosphere is 164 - 10?tons of
dry organic matter. R.H. Whittaker’s estimate is 170 - 10°
tons, including 115 - 10°and 55 - 10° tons attributed to the
terrestrial and marine ecosystems respectively (see [23]).
F. Ramade [23] thinks that these estimates are inflated.
He prefers the ones suggested by P. Duvigneaud: 83 - 10°
for the entire biosphere, 53 - 10? for terrestrial biomes and
30 - 10° for oceans, which is close to Odum’s estimates.

Letus now apply the Lindeman-Odum law to the trophic
chain “primary producers — herbivores — humans”. The
law posits that the output of a trophic chain link is 10%
of its input. The rest 90% is dissipated by ecological
metabolism. The primary annual output amounting to
53 - 10° tons of dry matter is equivalent to 2.385 - 10"
kcal/year. With account for the above assumption, the
1% tolerable disturbance threshold of the biosphere is
2.385 - 10" kcal/year.

An equivalent of the annual nutritional minimum for
a human is 230 kg of wheat. This corresponds to 770000
kcal/year (2110 kcal/day). Nutritional norms depend on
human age and occupation, that is (kcal/day): 700-900
for infants, 1000-1300 for children aged 1 to 3 years,
1500—1900 for children aged 3 to 8 years, 2000—2400 for
children aged 8 to 10 years, 2500-3500 for adolescents,
3000 for sedentary workers, 3500 for machine operators,
and 4000-5000 for people employed in hard physical
work. With account for typical proportions of the above
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population groups, 3800 kcal/day (1387000 kcal/year) may
be assumed as an average.

The critical population size sustainable by the biosphere
is defined as the ratio of 1% of its primary output and
the average human nutritional norm. This will make
1.73 billion people.

2.3. The global energy resource
potential

The energy resource potential, by analogy with the land
resource potential, is a component of the natural resource
potential. It may be regarded as the totality of energy
resources available at given level of technologies and
socioeconomic relationships. The potential includes both
renewable and nonrenewable resources and increases in
the course of the development of GSES.

During the Paleolithic, humans obtained energy
from the renewable resources of the intact biosphere
by hunting, foraging and plants burning of. The size of
human population in those times was 200-300 thousand.
Fire was used for cooking and rewarming (about 40% of
total energy consumption); however, this energy could not
compensate for expenses required to maintain temperature
homeostasis [18].
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In the Neolithic and Bronze Ages, the energy turnover
of human GSES significantly increased. By this time, the
traditional rural GSES developed based on agriculture
and cattle breeding. About 10 thousand years ago, human
population reached 5 million people.

Later on, in slave-owning and feudal societies, wind and
water energy resources were harnessed. By the time of
formation of the Rome Empire, human population reached
150 million, and by 1650, 500 million people [23].

In the Industrial Era, when steam and gas engines,
turbines, and electric generators and motors were invented,
energy supplies for human GSES originated mainly from
fossil hydrocarbons. The rate of their extraction increased.
In line with increasing energy availability, human
population increased exponentially to reach 7.3 billion
people by January 1, 2016.

In the Postindustrial Era, controlled thermonuclear
power is expected to supplement nuclear power and
thus to solve forever the problem of energy supplies. The
question arises what law will determine changes in human
population size under such conditions.

The development of productive forces is limited by
natural resources according to the law of decreasing
resource availability. Indeed, for a certain type of
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Fig. 4. Exponential growth of energy production as a sum of logistic curves related to different sources [2]. The scale on the left shows

dimensionless orders of magnitude
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socioeconomic system equipped with a given repertoire of
technologies natural resources become increasingly costly
in terms of energy spent to obtain them from dwindling
available stores [23]. Productive forces develop gradually
until resources become exhausted. This is followed by
a crisis, which becomes resolved due to revolutionary
changes in productive forces brought about by scientific
and industrial revolutions. The verbal models of limited
economic growth are usually illustrated with an S-like
logistic curve, which shows how the initial exponential
growth gradually transforms into an asymptotic approach
to a limit featured by a given socioeconomic system.

E.A. Arab-Ogly suggested a series of logistic models of
power availability, which were used to construct a verbal
model of exponentially growing power availability [2,
p- 211]. This approach has three shortcomings.

The first shortcoming is that the logistic models of
changes in energy resource potentials related to renewable
and renewable resources are treated on equal terms (Fig. 4).

In his polemics with the authors of World2 and
World3, E.A. Arab-Ogly declared the following: “One
needs no special mathematical imagination to see that
the exponential growth of aggregated parameters can
last much longer than the separate components of the
resulting aggregate can grow. An exponent is formed in
such a case by a series of logistic curves. This may be
confirmed, e.g., by that the exponential growth of energy
production lasting far beyond foreseeable future is formed
by a sequential involvement of the mechanical energy of
humans and animals, wind energy, water energy, thermal
energy obtained by wood, coal, oil and gas combustion,
nuclear energy, and thermonuclear energy. This is true
even more with regard to such economic parameters
as gross national product, per capita national product,
working efficiency etc.” [2, p. 210-211].

However, the chemical energy of life is derived
by photosynthesis from the sunlight energy, then
is transmitted via food chains up to humans and is
assimilated and dissipated by ecological metabolism. The
chemical energy of food is what sustains human activities
at all of the stages of the development of the humankind.
This energy is limited by the productivity of the biosphere.
World2 and Wold3 models take account for this important
aspect of life. They treat separately the energy of food and
the nonrenewable resources consumed by industry.

The second shortcoming is underestimation of shale oil
stores and overestimation of coal stores. The logistic curve
attributed to coal should be attributable to shale oil and
vice versa.

The third shortcoming of the model of the exponential
growth of power availability is that the use of
thermonuclear power refutes, albeit in an indirect way, the
law of decrease in the potential of natural resources. For
the sake of justice, it should be mentioned however that
in Fig. 4 its author timidly bends the energetic exponent

towards a logistic curve. Another Sun cannot be ignited
on the planet Earth.

One more remark relates to the idea of restoration of
nonrenewable natural resources as it is realized in World2
and World3. The authors of the idea ignore the fact that
the resources include the material and the energetic
components. To recover secondary raw materials, energy
is consumed. The nonrenewable fuel resources include
hydrocarbons, which store the chemical energy generated
by photosynthesis and assimilated by consumer organisms
over the past geological epochs, whereas the nuclear
fuel is a sort of ash of long burnt-out stars where light
atoms collisions formed the atoms of uranium, while the
hydrogen fuel, the oldest of fuels, is a sort of ash of the Big
Bang (according to G.A. Gamov).

According to one of formulations of the Second Law of
Thermodynamics, energy transformation processes can
be spontancous only upon energy transformation from
its concentrated to dissipated forms. Fossil fuels feature
low entropy and “high-quality” energy, which is suitable
for being transformed into useful work. Fuel combustion
is a spontaneous process associated with dissipation of
energy and reduction of its “quality”. According to the
fundamental asymmetry of Nature, the quality of energy
cannot be transformed from low to high. Therefore, fossil
fuel stores cannot be restored. An objective of civilization
is to find means for more efficient management of high-
quality energy that is to decrease entropy production.

2.4. The initial reserves of resources in

the models World2 and World2-MC

World2 algorithm may be used to confirm E. Odum’s
hypothesis that civilization may develop in cycles. The
algorithm has been published [32], and its implementation
using programming DYNAMO language facilitated its
implementation in MathCad environment [29]. The latter
implementation will be called World2-MC hereinafter. It
was compared with the original World2 (Fig. 1) by solving
the same problems within the 1900-2100 interval. The
solutions were identical.

In World2, nonrenewable fuel and non-fuel mineral
resources are not distinguished, and their initial reserves
R, are defined in relative terms. The unit of resources
(resource unit, RU) is assumed to amount to the annual
resource consumption in the basal year 1970. It is assumed
that at the basal annual consumption the resources are
sufficient for 250 years. It remains unclear, however,
what method was used to make an integral assessment
of numerous non-fuel resources, such as common and
rare metals, agrochemical and chemical raw materials,
construction materials etc.

The uncertainty of the integral estimate of non-fuel
resources and the primary importance of combustible fossils
as energy sources are arguments in favor of a revision of the
basal condition R =9 - 10" RU adopted in World2.
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In the basal World2-MC scenarios, R, is defined
with account for world resources of oil, gas and coal
all lumped under the term “traditional fuel and energy
resources”. Their reserves are well assessed and their
estimates, which are periodically revised, are expressed
with CI units, i.e. Joules. Besides that, the possibility to
increase fuel resources with promising sources, such as
shale, bituminous sand, and nuclear and thermonuclear
energy, is stipulated. To preserve links between World2
and World2-MC, let us still regard the year 1970 as basal,
and resource consumption in this year as resource unit
(RU). The numerical estimates of RU are derived from
plots shown in Figs. 5 and 6. The plots were also used
World2-MC validation.

In devising the scenarios of the development of GSES,
the algorithm of calculating the period of full exhaustion
of fuel resources is of primary importance. The algorithm
is as the following. The resources “oil”, “oil + gas = mobile

ERINT3

hydrocarbons”, “mobile hydrocarbons + coal = traditional
fuel resources”, “traditional fuel resources + shale oil =
hydrocarbon fuel”, and “traditional fuel resources + nu-
clear and thermonuclear energy = future fuel resources”
are taken into account consecutively. The terms R, and R ,
V and V ,and r and 7, designate reserves, consumption
rates, and exhaustion periods of the m-th and n-th resource

respectively; Ron is the amount of the n-th resource, which
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Fig. 5. Global oil production (according to UN and US Bureau
of Mines) [31]. The calculated fuel efficiency is 9 - 10°J/barrel

is consumed during the time of exhaustion of the m-th
resource; RAn is the residue of the n-th resource left af-
ter the exhaustion of the m-th resource; VZ is the rate of
consumption of the n-th resource after the exhaustion of
the m-th resource; and z is the period of exhaustion of the
n-th resource after the exhaustion of the m-th resource.
With this notation:

T =R /V

R, =V xt_

R, =R —-R, ©)
Vs =V..7,

T =R,/ Vz

T =t +t71

Now let us designate the initial conditions for the nonre-
newable resources in the models World2 and World2-MC as
R,=9-10"RUand R; andast, =250 yearsandz (the pe-
riods of exhaustion of the resources in the respective models),
respectively. R; is found by solving the proportion

R/R =7 /T". )
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Fig. 6. Global consumption of different energy sources (accor-
ding to UN) [31]
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An estimate of recoverable oil and gas resources, which
is one of the most reliable a close by its time to the basal
year 1970, was published in the proceedings of World En-
ergy Conference held in 1980 (see [31]). Assuming that the
caloric value of oil is 44 MJ/kg, of gas is 40.8 MJ/m’, and
of coal is 29.4 MJ/kg, oil reserves Row) are equivalent to
1.5 - 10%2J; gas reserves Rl(fgg) to 1.1 - 1022], and coal re-
serves Rsed to 21 - 102 J.

The estimates corresponding to the year 1900 may be ob-
tained by the integration of the plot of oil recovery (Fig. 5)
over the interval from 1930 to 1980 years, and of that of
gas and coal recovery (Fig. 6) over the interval from 1955
to 1980 years. This will make AR®"? = (.25 - 10> J, AR®*
=0.07 - 10 J, and ARV = 0.23 - 10** J. Thus, the world
reserves of mobile hydrocarbons are estimated as Rl(gélo) =
175 - 102 J and REY ~ 1.2 - 102 ).

Upon the rates of consumption of oil and gas in 1970
estimated as 0.95 - 10?° J/year and 0.35 - 10* J/year re-
spectively, their reserves will be sufficient for consump-
tion during 184 and 343 years respectively. Upon the
assumption that gas will be consumed at the same rate
when it will replace oil after the exhaustion of oil re-
serves, the Egs. (6) and (7) suggest that mobile hydrocar-
bons will be exhausted in 227 years and that Rg =11.1
- 10" RU. This estimate is close to 9 - 10" RU assumed
in World2.

It was estimated at the World Energy Conference that
recoverable coal reserves amount to 13800 billion tons.
This figure is likely inflated. By P. Averitt’s estimate, re-
coverable coal reserves may be as high as 7135 billion
tons, which is equivalent to 21 - 10?2 J (see [31, p. 59]). The
recoverable reserves are assumed to be those present in
rows that are not less than 30 cm thick and not more than

2 km deep, with account for that it is impossible to recover
all coal and that 50% recovery is rated as good [31]. Upon
coal consumption rate 0.6 - 10*° J in 1970, coal reserves
will be sufficient for 3500 years. Upon the assumptions
that coal will replace oil and gas after their reserves will
be exhausted, and that the total rate of consumption of the
traditional fuels will not change, all fuels will be exhaus-
ted, according to Egs. (6) and (7), in 1034 years, and R, is
equivalent to 37.2 - 10" RU. Thus, this initial assumption
of World2 is 4.16-fold understated.

The reserves of oil, gas and coal in 2014 amounted, ac-
cording to BP Statistical Review of World Energy 2015,
to 239.8 billion tons, 187.1 trillion m?, and 891.5 billion
tons respectively. These values are equivalent to L%ﬁ =
1.06 - 102J, L&) =076 - 102, and L% =26.2 - 1021,

With the rates of resource consumption assumes to be
the same as in 1970, it may be estimated that = 0.65 - 10%2],
RS =0.6 - 102 J, RYD = 25.41 - 102 J (the initial re-
serves being R'n) = 1.75 - 102J, R& =12 - 102 J, and
RV =26 - 102).

Thus, the biases A = L-R are estimated as A®? =
0.41 - 10*? J and A®® = 0.16 - 10> J. Positive biases may
be caused by new hydrocarbon deposits discovered after
1980, such the Shtokman Field. In any case, such bia—
ses only increase the estimates of R; . Coal bias was not
calculated because of tenfold discrepancies between the
estimates of coal reserves. The reasons of the discrepan-
cies may include different ideas about coal production ef-
ficiency and uncertainties concerning the fuel efficiency
of coal, which is different in brown coal (15 MJ/kg), black
coal (22 MJ/kg), and anthracite (29 MJ/kg).

Notably, fossil fuels are not limited to mobile hydrocar-
bons (Table 1)

Table. 1

Potential fossil fuel reserves [31]
Combustible fossils Total reserves (1022 J) Recoverable reserves (10?2 J)
Coal 42 21
Oil and gas 2.1 2.6
Dead oil 2.5 0-?
Unstripped oil (bitumen sand) 5.0 0.5-2.5
Nontraditional natural gas 10+ 0.07-?
Combustible shale (above 40 L/ton) 200 1.0-?
Combustible shale (below 40 L/ton) 10000 ?
Global oil and gas consumption in 1983 0.018
Global energy consumption in 1983 0.03
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2.5. Model scenarios of the
development of GSES upon expanding
the energy resource potential with
traditional fuel resources

For World2-MC scenarios realization, the same initial
conditions as for World2 are stipulated except for the non-
renewable resources: P, = 1.65 - 10° people; K, = 0,4 - 10°
CU (it is assumed that, in 1900 compared with 1970, four
times less per capita capital investment was available);
X,=0.2; R, depends of the scenario chosen; and Z = 0.2 -
10° PU (it assumed that, in 1990 compared with 1970, per
capita pollution was eight time lower). The subscript * at
R, will be omitted hereinafter.

Let us first consider four scenarios featuring fixed va-
lues of the global energy resource potential. The first sce-
nario will be associated with the current estimates of mo-
bile hydrocarbon reserves, which at the current rate of
their consumption will be exhausted in 250 years, i.e. by
2150. Their reserves are assumed as 100%. The starting
condition is R, = 900 - 10° RU.

The second scenario models the prospect of expanding
of energy resource potential due to oil and gas resour-
ces found on the shelves and the continental slopes of
the World Ocean. Mobile hydrocarbon reserves are as-
sumed to increase to 150% thus making them sufficient for
375 years, that is till the year 2275, and the initial condition
is R = 1350 - 10°RU.

The third scenario models the situation of using coal to
substitute for the exhausted mobile hydrocarbon recour-
ses; however, coal production is limited by the efficiency
of available technologies. Fuel reserves are assumed to
increase to 300% in this case, making them sufficient for
700 years, i.e. till the year 2600; and the initial condition
is R, = 2700 - 10° RU.

In the fourth scenario, requirements to the threshold ef-
ficiency of coal production are reduced to make coal stores
sufficient for 1000 years, i.e. till the year 2900; and the
initial condition is R = 3600 - 10° RU.

With regard to the above scenarios, additional com-
ments are required.

1. According to World2, «Natural resources are a system
level. The only rate of flow is the outgoing usage rate. As
defined here, natural resources include only those nonre-
placable materials in the earth. They do not include wood
and any products that can be grown and replenished, for
the latter are classed as part of the agricultural sector» [32].

However, the fuel resources of GSES are the sum R of
renewable and nonrenewable resources. Therefore, the
equation for the resources should be:

dR_
dr

Ve-v-,

where: V' is the primary productivity of terrestrial
systems (the rate of assimilation of solar energy by

terrestrial plants); and ¥~ is the rate of consumption of the
nonrenewable fuel resources

The annual productivity of the terrestrial ecosystems is
estimated as 53 - 10° tons of dry matter, which is equivalent
to 10" J/year. The rate of consumption of the traditional
nonrenewable fuel resources in the reference year 1970
was 1.9 - 10*°J/year. This is one order of magnitude higher
that the productivity of the terrestrial ecosystems. This
difference in scales makes it possible to simplify the above
resource equation:

d—R =~V .
d¢

In this way, the productivity of the terrestrial ecosystem
is adopted by default (implicitly) in World2-MC. This
approach is useful for explaining the stationary flux
of population when resources and population size are
constant, and GSES exists at the expense of consumption
of the renewable resources, the population size being less
than 1.5 billion people.

2. People obtain foods from agricultural lands, which
are withdrawn from the native biosphere and feature the
productivity estimated to amount to 9.1 - 10° tons/year
[24]. This estimate is 5.8 times less than the productivity
of the terrestrial ecosystems. Therefore, the equivalence
of agricultural production and the renewable resources of
the terrestrial ecosystems, which is assumed in World2,
is false. In World2-MC, the agricultural production is but
an apparent part of renewable resources accounted for by
default.

Modelling based on the above premises (Fig. 7 and 8;
Table 2) suggest that an expansion of the energy resource
potential in GSES is associated with oscillations of all
components of the potential. The number of oscillations
increases as the amount of available resources increases.
Upon increasing the resources to 150% vs. the norm
adopted in World2 (9-10" RU), two oscillations of
population size emerge. With 300%, there are three
oscillations, and with 400%, there are four. The amplitudes
of the oscillations are 2 to 5 billion people. The time of the
peak of the first oscillation will not shift significantly with
increasing the potential (from 2018 to 2033), and that of the
second and third oscillation will shift within the limits of
33 and 45 years respectively.

Notably, the numbers of the oscillations of environmental
pollution and of the share of the agricultural capital
investment are always one unity less than the number of
oscillations of human population.

Nonrenewable natural resources do not limit population
growth, which is limited by agricultural production and
environmental pollution. These two factors act perpetually
over all time intervals when population decreases. The
maximums and minimums of pollution and agricultural
capital investment a delayed by one or two decades relative
to those of population.
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The capital investment of economy gradually decrease
in all scenarios and correlate with decreased reserves
of nonrenewable resources. Small oscillations of capital
investment are phase-shifted and thus lag behind the
oscillations of population. This likely reflects deficits of labor
resources during the descending phases of GSES cycles.

In each of the scenarios, the final oscillation of
population size is followed by its stabilization, which

occurs in 437 years in the scenario with a 150% expansion
of the energy resource potential, in 609 years with a 300%
expansion, and in 1000 years with a 400% expansion.
Stabilized is a level between 1.3 and 1.5 billion people,
probably the maximum number of humans sustainable by
the natural and socioeconomic environments.

Along with population size, other components of GSES
also reach stationary conditions (Table 3).
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The possibility of a cyclic development of GSES
followed by a stationary phase has been independently
demonstrated in [44] based on very different premises.
The authors used the classic Volterra-Lotka model
of prey-predator relationships supplemented with
interspecies competition between preys. The idea to treat
the environment as a prey and the human population as
a predator and to use the Volterra model of biological
systems comprising producers, consumers and substrates
(resources) proved to be fruitful (a similar model was

discussed in the monograph by Yu.M. Svirezhev and
D.O. Logofet [25, p. 130-169]). The authors of [44] treated
the property-related structure of human society, which
consists of “rich men” and “common people”, by analogy
with the species structure of a biological community. Birth
and death rates in different strata of a human population
were assumed to depend on the allocation of production,
which is generated by common people and distributed
by rich men. The authors have shown that excessive
exploitation of resources and inequality of incomes are the
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Table 2
The maximums and minimums of global populations and the years of their achievement according
to World-2MC scenarios of global development
Population size P - 10°
R, % of the reference value Year
Min Max
1900 1.65
100 2022
5.29
2450 1.25
1900 1.65
2033
150 2084 0.87 262
2163
3.54
2600 1.26
1900 1.65
2021
2075 0.54 381
300 2132
3.05
2179 0.97
2271
4.43
2880 13
1900 1.65
2018
2075 0.51 5.83
2130
400 2170 0.83 2.95
2226
3.08
2265 1.01
2363 4.53
2900 =
Table. 3

The years of achievement and the levels of stabilization of GSES, according to different World2-MC scenarios [29]

. Population, Nonrenewable Capital The share of agricultural EnVlI‘OllIflelltal
Scenario | Year J . U pollution
billion people | natural resources | investment capital investment
150% 2600 1.26 3.10 - 10" 323108 0.18 2.77 - 108
300% 2880 1.30 7.58 - 10" 4.82- 108 0.18 3.33 - 108
400% 2900%* 1.50 10.8 - 10" 6.96 - 108 0.19 4.82-108

* The system is not stabilized completely on a 1000 years interval
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two independent factors of a series of catastrophic events,
and openly declared the necessity to level off incomes and
to reduce resource spending.

2.6. Model scenarios of GSES
development upon expanding the
resource and energy potential due to
prospective fuel resources

Shale oil

Currently, shale oil field development is considered as
cost-effective if one ton of shale contains not less than
90 liters of oil®. World reserves of such shale amount to
650 trillion tons, which makes 26 trillion tons of oil. This is
13 times more than mobile oil reserves. Upon shortage of
energy, the cost-effectiveness threshold may be reduced to
40 1/ton [31]. According to 1980 World Energy Conference,
the reserves of combustible shale that contain more than
40 1 of oil in one ton is equivalent to 200 - 102, which is
8.5 times more that may be yielded from world reserves
of oil, gas and coal.

The extremely rich combustible shale fields in Estonia
may yield 320 | of oil products from 1 ton of raw shale.
The development of the fields started in 1915. The annual
yield of shale oil was 315 thousand tons. For years, oil and
gas were successfully extracted from shale in the USSR
and China’. Following the World War II, Leningrad was
supplied with gas extracted from Estonian shale. Let us
assume that shale oil has been being produced starting
from the year 1900.

The assumed reserves of fossil hydrocarbons (traditional
oil, gas, coal, and shale oil) are equivalent to 223.9 - 10*2]
(Table 1). Let us assume that the calorie value of shale oil
is 44 - 10° J/kg, and its production before the exhaustion
of the traditional fuels is equal to that in 2013, i.e. 1.1 -
10? barrels/year, which is equivalent to 6.6 - 10" J/year.
Upon the assumption that shale oil will substitute for
the traditional fuels after their reserves will have been
exhausted and that shale oil will be produced at a rate
equivalent to 1.97 - 10?° J/year, the time of exhaustion of
all carbohydrates determined using the algorithm defined
by Eqgs. (6, 7) will be 10117 years. The proportion (7)
suggests that R = 36.4 - 10'> RU. Upon the assumption that
cost-effective oil production from shale having oil content
above 40 L/ton makes 28% of world reserves, the estimate
of R, will be 8 - 10" RU. This is 8.9 times more that the
reserves of resources adopted in the World2 model. The
time of exhaustion of resources according to the present
scenario is 2220 years, i.c., they will be exhausted by the
year 4120.

Fig.9 illustrates the realization of GSES development
scenario upon the initial reserves of carbohydrate fuels
amounting to 8 - 10?2 RU (a 800% scenario). The number
of oscillation of population size increase to 15, and of the

¢ http://vseonefti.ru/neft/slancevaya-neft.html
7 https://ru.wikipedia.org/wiki/Crnantesas_HedTb

other components of GSES, to 14. With increasing time,
carbohydrate reserves decrease in a piecewise-linear
manner and reach a stationary regimen. Capital investment
reaches maximum during the second oscillation and then
goes through damped oscillations around the main trend,
which correlates with the fuels trend.

Environmental pollution will reach maximums during
the first oscillations because of rapid growth of capital
investment and then will reduce the maximums of
population size during the second and third oscillations.
To prevent hunger, GSES will have to increase the share
of agricultural capital investment up to 0.9 to the total
capital investment. The subsequent time trajectories of
agricultural capital investment share and of environmental
pollution will be analogous to the behavior of “dry friction
oscillators”. In the theory of oscillations, such dissipative
structures are known as oscillators with perpetual
“Coulomb” friction. The role of friction in the present
case is played by perpetually decreasing fuel resources
and closely associated capital investment, which attract
GSES components to equilibrium states.

Maximum population size will reach 5.6 billion people
during the first oscillation and decrease to 2 billion
during the second one. The latter figure us slightly above
the maximum carrying capacity of the biosphere. The
subsequent time trajectory of global population size
corresponds to a “system of compelling forces”. This term
is used in the theory of oscillations to designate systems
where a force that is applied to a component compels it
from an equilibrium. The role of compelling forces is
played in the present case by decreases in environmental
pollution and agricultural capital investment share upon a
rather high total capital investment.

Global population size during the final oscillation
reaches the second high maximum (4 billion people), and
the period of the oscillation is the longest (up to 500 years).
These anomalies are caused by that environmental
pollution and agricultural production reach stationary
conditions by that time and do not limit population growth.
At the same time, because of the temporal lag of birth
rate, population gradually comes a to stationary flux at a
level about 1.6 billion people, which is consistent with the
tolerable threshold of disturbance of the biosphere.

Thermonuclear energetics

Recent advances in controlled thermonuclear synthesis
make reason to consider a scenario of GSES development
based on the assumption that energy potential expansion
will be brought about by using the thermonuclear energy.

The first cost effective (in terms of the Lawson’s
criterion, i.e. the ratio of applied and yielded energy)
thermonuclear synthesis has been carried out at Institute of
Plasma Physics of the Academy of Science of China using
a Tokamak-type reactor EATS.® By 2014, the effectiveness

8 https://ru.wikipedia.org/wiki/Yipasiisiemplii_TepMOsIICPHBIA CHHTE3
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Fig. 9. Time-dependent changes in GSES components modeled with World2-MC at R = 8 - 10'2 RU (the 800% scenario). See text for
explanations

of synthesis reached 1/1.25, and it is planned to increaseis | first industrial thermonuclear reactor is expected to be
up to 1/1.5 in near future. . available in mid-XXI century.

It is claimed that at Max Planck Plasma Physics Institute The above makes reasons to assume that the use of
(Germany), the experimental thermonuclear reactor : thermonuclear energy in global economy will start in
“Stellator” stably produced more energy that it was 2075 and that the time trajectory of its increase will be
applied. ¢ close to logistic.

The construction of the international thermonuclear Let us present the logistic model of energy availability

reactor “ITER” is planned to be completed by 2025. The i R to GSES with the following equation:
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dR
—=(x—7R)R,
py (a@—=1R) @®)
where: ¢istime and a > 0 and y > 0 are the parameters of
the linear dependence of r (factor of increase in available

energy) on R, i.e.

r=oa—yR.
Eq. 8 may be solved [25]:
aR,e”
R(1) = > ©)
o+ R (e” —1)
where: R, is available energy at ¢ = 0.
Available energy has an upper limit:
limR(t) =«
) =afy a0

t— o

For the numerical modeling of the scenario of expanding
the resource potential due to thermonuclear energy, the
model World2-MC is modified with regard to the equation
related to the nonrenewable fuels. The equation adopted in
World2 [32] is used for the period from 1900 to 2075, and
the logistic model (Eq. 8) is used for the subsequent time.
The conjunction of the right parts of the equations and of
the solutions thereof is performed continuously. For this,
the solution by Eq. 9 is not used, and Eq. 8 is transformed
as the following:

d—R =17, —(Rma" R) R, (11D
de (R —Ry)

The resulting system of fifth-order equations is solved in
World2-MC using a Runge-Kutta method.

In Eq.11: R, = 1.9 - 10" is the reserves of fuel resources
in the year 2075, which are assumed as the initial
condition in the logistic model; 7, is the factor of increase
in thermonuclear energy at #,=2075; R __ = 21 - 10" RU
is the upper limit of energy available to GSES, which is
approached asymptotically by Eq.11 solution.

The derivation of the right part of Eq.11 is the same as
in Section 3.3 of the present paper.

Fig. 10 illustrates the realization of the thermonuclear
power scenario. Before 2075, when population size is
locally stable (see Fig. 12), GSES develops by the R, =
27 - 10" RU scenario. In 2075, upon the corresponding
reserves of traditional fuels, the operation of industrial
thermonuclear reactors begins to produce a logistic (Eq.
11) increase of energy available to GSES up to R =
21 - 10" RU. This level will be sustained indefinitely
long. As seen in Fig. 10, all other GSES components after
2075 will experience harmonic oscillations featuring
constant amplitudes relative to their stable (according
to Lyapunov) stationary trends. This means that widely
used thermonuclear power will be associated with an
endless series of profound economic, environmental and
demographic crises.

3. Alternatives to the cyclic mode
of GSES development
3.1. The concept of ecological
dominance of humankind
in the biosphere

In taxonomic terms, the species Homo sapiens is
referred to the kingdom of animals, and hence the
ecological concept of dominance [20, p. 185] is applicable
to humans as well. According to the concept, only some
of numerous species included in a biocenosis determine
its state because of the sizes of their populations, trophic
levels, involvement in ecological metabolism or other
reasons.

Humans as biosocial entities are not limited by the
natural environment where they are certainly dominant.
Humans have developed their own environment, which
comprises, besides the natural environment, the economic,
social, technological, and cultural environments. An
industrial (socioeconomic) metabolism has emerged. It
is poorly controlled by the society and increases with
increasing production. Socioeconomic anabolism, which
consumes renewable and nonrenewable natural resources,
and catabolism, which results in environmental pollution,
have increased to extents able to undermine the natural
reserved of the planet Earth. Humankind dominates not
only biota but also the whole biosphere. The force of the
dominance V.I. Vernadski equates to the geological forces
that formed the present-time appearance of the Earth
[7]. Therefore, attempts to achieve global equilibrium
by limiting the industrial metabolism are futile without
correcting the power of the principal generator of the
metabolism, i.e. the size of human population.

By the words of K. Ya. Kondratyev: “If humankind
were able to return to limits determined by the capacity
of the biosphere to bear industry, all environmental
problems would have disappeared automatically, so as
the anthropogenic distortions of the environment. It
is, however, necessary for that to take measures aimed
at a stabilization and then at the reduction of human
population” [13, p. 37].

Being aware that it unfeasible in the near future to
implement “the global strategy of reducing the size
of human population”, K. Ya. Kondtratyev seeks
solutions in the restoration of the natural communities
of the biosphere: “It is necessary to reduce the areas
compromised by humans from current 61% to 38%, that
is by 23% or 3.2 million km?” [13, p. 38]. These estimates
are based on the assumption that the primary biological
productivity of the restored areas is the same as the global
mean. However, the reduction of areas distorted by the
civilization will disturb the socioeconomic metabolism.
Anabolic assimilation will decrease, and the decrease
with result in a decrease in human population size. This
problem will be considered below in more detail.
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Land reserves of GSES

The terrestrial area of the Earth is 146 - 10° km?, of
which 70.6 - 10° km?is suitable for life. Arable land and
pasture make 15 - 10° and 25 - 10° km? that is 21% and
35%, respectively, of inhabitable territories.” The area of
natural grassland and steppes is 9 - 10® km? [24]. This
area should be abstracted from all pastures to estimate the
area of anthropogenic interferences, which thus amounts
to 16 - 10° km?. On a whole, the area withdrawn from the
biosphere for agriculture makes 31 - 10° km?, i.e. 44% of
inhabitable terrestrial areas.

The urbanized areas was 4.7 - 10° km? in 1980 and
increased to 19 - 10° km?, i.e. to 27% of inhabitable areas,
in 2007%.

Thus, the total area of land disturbed by GSES is 50 -
10°km?, i.e. 71% of inhabitable areas. To restore the natural
communities of the biosphere, the area disturbed by humans
as of 2007 should be reduced from 71% to 38% (according
to K.Ya. Kondratyev) that is by 33% or 23.2 - 10° km?.

Restoration of the productivity of the biosphere

This is possible at the expense of areas currently used for
agriculture and (or) urbanized areas. The options for that
will be considered below.

L. Restoration of the productivity of the biosphere at
the expense of agricultural lands

First, let us estimate the number of people sustainable
with foods obtained from the current agricultural areas.
At human population size equal to 6.5 billion people and
at agricultural area equal to 31 - 10°km? as of 2007, the
per capita agricultural area is 0.48 hectares. “Calculations
suggest that to sustain each one human on the Earth with
foods, 0.4 to 0.5 hectares of land is required, provided
that productivity is the maximum of what is possible” [3,
p. 24]. Thus, the current agricultural areas can sustain
6.5 billion people.

Upon the withdrawal of 23.2 - 10° km? from the current
agricultural area, 7.7 -10° km? will remain, and the per
capita area will be 0.12 hectares, which is four times
less than the above estimate. Thus, the restoration of the
productivity of the biosphere due to the reduction of the
agricultural area will result in a four-fold decrease in
human population that is down to 1.63 billion people.
Notably, this is compatible with the 1% threshold of the
consumption of the primary production of the biosphere
that provides for its stability (see Section 2.2.) and with the
initial values of P in the models World2 and World2-MC
for the year 1900.

2. Restoration of the productivity of the biosphere at
the expense of urbanized areas

Urbanized territories arca makes 38% of all areas
disturbed by GSES and thus must be withdrawn

? http://www.activestudy.info/zemelnye-resursy/
10 https://ru-ecology.info/term/12651/

completely if treated as the only reserve for the restoration
of the productivity of the biosphere. In this case, 6.6 billion
humans will have to return to the primitive way of life in
forests and caves.

3. Restoration of the productivity of the biosphere at
the expense of a partial reduction of agricultural lands.

In a scenario implying that 19 - 10° km? of the urbanized
area is not withdrawn, and the current area of agricultural
lands (31 - 10°km?) is reduced to 19 - 10°km?, an area of 2 -
10° km? becomes restored. In per capita terms, this makes
0.18 hectares, which is 2.5 times below what is needed
to sustain a human with food and thus is associated with
a decrease in human population from 6.6 to 2.5 billion
people.

The general conclusion is that restoring the productivity
of the biosphere at the expense of reducing the areas
currently disturbed by GSES is impossible without the
concurrent decrease in the ecological dominant of the
biosphere, i.e. the size of the global human population.

3.2. Local stationary points
in the trajectories of the cyclic
development of population size

An exit from the series of civilizational crises, which

are predicted by the model World2-MC, should be
sought based on the dominant role of humankind in
the development of the biosphere. The equation of the
demographic component of the model World2 may be
written as the following:
4P _p p. (12)
dt
where: B and D are birth and death rates (humans/year)
and P is population.

B u D are defined as the following:
B=P-C,-B.-B.-B,-B,, (13)
D=pP-C,-D.-D,.-D,-D,, (14)

where: C, = 0.04 (1/year) and C, = 0.028 (1/year) are birth
and death rates in the reference year 1970; B.= B (C) and
D.=D.C), B,= B,(F)and D, = D.F), B, = B,(P,) and
D,=D,P,) and B, = B(Z) and D, = D(Z) are the
functions which are defined graphically (or in a tabulated
format) to capture the dependencies of birth and death rates
on living standards C, nutrition F, population density Pp,
and environmental pollution Z. In the reference year 1970,
these functions are equal to unity and do not influence the
rates of birth and death. When living conditions become
worse or better, the functions become, respectively, smaller
of greater than unity. The arguments of these functions
depend on the conditions of the components of the model.
With account for the above, Egs. 13 and 14 may be
generalized:
B=b(R, R, X, Z)P, (15)
D=dR, K, X, Z)P, (16)
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where: b and d are birth and death coefficients;
however:
B-D=E, a7
where: £ is the rate of population size increase.
It is obvious that:
E=¢R, K, X, Z)P, (18)
where: ¢ is the coefficient of population size increase.
With account for Egs. 17 and 18, Eq. 12 may be
parameterized as the following:

9P _ (REK.X.2)P. (19)
or 1d fiP

——:g(R,K,X,Z)- (20)

P ds

Recall that in the system of World2-MC equations, all
variables are functions of time. The left part of Eq. 20,
i.e. //P(dp/dt), which is identically equal to (R, K, X, Z),
allows constructing a phase trajectory using the paramet-
ric form [e(?), P(f)], where time is the parameter. The same
trajectory may be constructed as a set of points in a {//P(f)
[dP(t)/df],P(¢)} plane. Fig. 11 shows the plane trajectory
for the 300% scenario upon the initial reserves of fuel re-
sources R =27 - 10"RU.

In population ecology, the spiral phase trajectory in Fig.
11 is called the Olley curve. It is typical of populations
featuring expressed altruistic behavior of their members,
such as collective protection from predating, joint care for
progeny etc. [25]. Olley curve appears to be featured by
humankind too.

Spline approximation of an Olley-type trajectory makes
it possible to solve Eq. 19 numerically. This solution is
approximated by the behavior of P(f) in World2-MC.

A stationary trajectory of a global model is the limit
to which it approaches. A specific case of stationary
trajectory is an implicit equilibrium where all rates
defined by differential equations of a model turn to zero.
Considering an equilibrium as global is possible only if
there exists a point in the phase space of all components
where all of the right parts of equations in a model turn to
Zero upon t — oo,

Let us denote local stationary points with the
superscript®. The local stationary points P© of Eq. 19 are
defined by dP/d¢ = 0. In an Olley-type trajectory, several
local stationary points are possible. There are six such
points in the R, = 27 - 10" scenario (300%). The stability
or instability of these points is defined by the sign of the
derivative E[ g(P)P] at the stationary point P© [25].

The derivative may be expressed as the following:

de(P) dpP de(P)
P)P]l=P——+&(P)—=P——=+¢(P
£(P)P] 1P &( )dP &(P) . 1)
With account for Eq. (20), it may be written:
d de(P) 1dP
—[e(P)P]=P +——. 22
ap O T e 22

However, dP/dt is O by definition at a stationary point.
Therefore, Eq. 22 may be replaced with the following:
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Fig. 11. Olley-type plots for World2-MC population size at R,= 27 - 10" RU (the 300% scenario)
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de(P)

dpP

A local stationary point is stable if de(P)/dP < 0 at this
point and is unstable if de(P)/dP > 0. The sigh of a deri-
vative is defined by the tangent of ¢(P). It is seen in Fig. 12
that the R, = 27 - 10" RU scenario features two stable
P and three unstable PV stationary points and a trend,
which shows Lyapunov’s stability and approaches the limit
density P". In the present case, P" is 1.3 billion people.

With any nonzero values of P, a population will tend to
local stationary states. A population will tend to a station-
ary state P, at P € (P, P“V); to P, at P € (P, P,[);
and to P'at P € (P, o) (Fig. 12). Clearly, the local sta-
tionary state P ¥ is the optimal P in a scenario implying
an accelerated transition from cyclic to stationary GSES
trajectory.

%[g(p)m _p 23)

3.3. Accelerated transition from cyclic
to stationary time trajectory of GSES

On Jan. 1, 2016, the population of the People’s Republic
of China reached 1.378 billion people, the annual incre-
ment being 7.28 mun'!, despite economic measures (one
family, one child) taken to reduce birth rate. This is far
above stationary values suggested by World2-MC. By
the same date, the population of India reached 1.252 bil-

1" countrymeters.info/ru/China

lion people'2. In 1994, a UN Conference on Population
and Development was held in Cairo'®. The conference has
shown that corporative, national and confessional egoism
dominates over universal interests. Global population has
increased by 1.622 billion since those times and achieved
7.296 billion on Jan. 1, 2016". Global economic crises and
numerous local wars in a unipolar World distract enor-
mous resources from solving global problems. This being
true, only overt social optimists may believe that every-
thing will be all right be default. The right time for refor-
ming the world system has been already missed. The first
oscillation of global population is most likely inevitable.

The second and the third oscillations of the global popu-
lation may be prevented if after the demographic crisis of
the XXI century the global population will be controlled
according to the logistic model:

dar =(a—)P)P. (24)
dt

where: ¢ = oo — P is the coefficient of increase in popula-
tion P; and a > 0 and y > 0 are the parameters of the linear
dependence of the coefficient ¢ on P.

Population cannot increase infinitely. Its size has an
upper limit:

12 countrymeters.info/ru/India
Bhttps://www.unfpa.org/sites/default/files/event-pdf/icpd rus.pdf
“https://ru.wikipedia.org/wiki/Hacenenne 3emiu

- h(lO8

- 2x10°

_ ti0”

The rate of change in population

— 4x10® ;
0 2x10

ax10° 6x10°
Population P

Fig. 12. Phase diagram of the model dP/dt =¢(R, K, X, Z)P upon the starting traditional fuel reserve R, =27 - 10", P_ - trivial stable
state; P9, P.*) — locally stable stationary states; P ), P, P_*) — Jocally unstable stationary states; P* — limiting population density
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limP(t)=a/y =P,

>

25
t—>

where: P is the limit approached by P asymptotically.

Eq. 24 may be rewritten as:

dP 1 «
C_—E&-pp, )
iy (7/ ) (26)
or, with account for Eq. 25, as:
dP 1
& -~ -P)P. @7)
d vy

where g is an independent parameter.
The parameter y may be expressed with other constants,
P, and ¢, which are population size and the coefficient of

its increase, respectively, at time 7. Clearly, ¢ = &,(P,).
Let us assume that:
1 & %)
B — 28
?/ [)max - PO

Putting Eq. 28 in Eq. 27 will yield the following:

d_P =&, M P. 29
dt (P —B)

Eq. 29 is equivalent to Eq.24. Obviously, the linear
dependence of the coefficient of population increase on
population size is defined as
(Poax = 5)

An accelerated transition from cyclic to stationary GSES
development may be exemplified with the R =27 - 10" RU
(300%) scenario, which is the most likely one. According
to it, the first local stationary state must be achieved in
2075 at P (cs) = 0.54 billion people (Fig. 12). This size may
be assumed as the initial condition P, = 0.54 of the logistic
model. Let us assume that is 0.02 in 2075 and that Pmax is
P* = 1.5 billion people, i.e. corresponds to the stationary,
according to Lyapunov, trend of population size.

Fig. 13 illustrates an accelerated transition of GSES
to a displaying a stationary Lyapunov’s trend in time. It
is seen that, at ¢ = 0.02, population becomes stationary
approximately in 160 years, that is by 2240. The transition
may be delayed or accelerated by varying the parameter ¢,

To explain the temporal variability of GSES components
in the present scenario, historical examples and the flux
diagrams that show feedbacks in the model World2 [32]
will be used below.

After the end of the first demographic crisis, global
population size will fall to 0.54 billion people. This is
similar to what had been achieved in mid-XVII century
[23]. In those times, water wheels and windmills were
used as engines. Population reached 1.5 billion in late
XIX century when steam was mainly used in engines and
wood was used as the main fuel. Humankind existed in

e=¢, (30)

those times due to the renewable resources. Now let as have
a look into the future. The logistic growth of population
will result in 1.5 billion people, and this population size
will be constant during subsequent centuries. Population
will be in a stationary flux sustained mainly due to the
renewable natural resources. The nonrenewable natural
resources will be virtually unneeded after 2075 and will
be in a stationary flux at a levels of 19 - 10" RU.

According to World2 flow charts, the economic capital
investment (the capital investment of industry, services,
and agriculture) depend on population size (the number
of investors) and living standards, which depend in their
turn on the current reserves of fuel resources. The capital
investment (1.3 - 10'° capital units, CU) built up during the
ascending phase of GSES development in 1900-2022 due
to the investors that have sufficiently high living standards
(5.82 billion people) feature a considerable lifetime of
about 40 years and the corresponding temporal lag of
their development. In the descending phase of population
size changes in the years 2022 to 2075, this lag maintains
the basic asserts at a level of about 7.5 10° CU. In the
phase of the logistic growth of the global population (the
number of investors by inference), the capital investments
increase up to 10" CU and enter, following the size of the
population, a stationary phase.

The share of the agricultural capital investment among
the entire economic capital investment is determined
primarily by the nutritional conditions of population and
by the lifetime of the agricultural capital investment.
During the phase of population increase, the share of the
agricultural capital investment increases up to 0.75 of the
entire economic capital investment. A small temporal
lag of agricultural capital investment (15 years) does not
present their degradation during the phase of population
decrease. By 2075, their share must decrease down to 0.06.
During the phase of the logistic grown of population, the
share of the agricultural capital investment must increase
up to 0.9 and reach its stationary level.

Environmental pollution depends on the rates of
pollutants generation and destruction. Generation rate
is a function of population size and per capita capital
investment. Destruction rate depends of the level of
pollution and the rate of environmental self-cleansing.
During the phase of increases in population and capital
investment, pollution increases up to 1.7 - 10" pollution
units (PU). During the phase of decreases in these
components of GSES, pollution decreases due to a decrease
in the generation and an increase in the destruction of
pollutants. During the logistic phase of capital investment
increase, pollution increases up to 2.5 - 10" PU and reaches
its stationary level.

It may seem that stationarity returns GSES back to the
XIX century. To see that this is not so, it suffices to compare
the initial conditions of GSES components with their levels
upon reaching stationarity. Clearly, basic asserts increase
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so as the material component of living standards does. | the total capital investment multiplied by the share of the
The nutritional component becomes increased too. Indeed, agricultural capital investment, was 0.08 - 10° CU in the
the agricultural capital investment, which is defined as year 1900 and must be 0.9 - 10° CU in 2500.
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4. GSES development cycles
are associated with the
developmental phases of the global
hyper-ethnos: a hypothesis

A smooth transition of global population to stationarity is
possible, by all appearances, only upon the formation of a glob-
al hyper-ethnic system based on a common mentality of pop-
ulation, that is on mental features and outlooks shared by all
people. This assertion will be considered in more detail below.

The formation of a global hyper-ethnos is taking place al-
ready because of globalization. The postindustrial era that
have come to existence at the turn of the XX and XXI centu-
ries is characterized by the explosive development of trans-
national corporations and common market, which transforms
global economy into an international enterprise. The natural
landscapes, which accommodate ethnoses, become increa-
singly degraded. Information technologies are developing to
an unprecedented scale. The world-wide web, telecommuni-
cation networks, and satellite TV are forming a unified in-
formational medium. The mass culture is ousting the classic
and folk cultures. Education is adopting international stan-
dards based on intergovernmental treaties, and languages are
increasingly being adopted to the English language, which
has become a means of international communication. Inter-
national logistics is rapidly developing. Humankind is being
stratified to form, in particular, a hunger belt along the equa-
tor through Africa, Middle East, South-East Asia, and Latin
America where up to 30% of people are starving [14]. These
inequalities in socioeconomic development drive planned
and spontaneous labor migration, which results in ethnic mi-
xing. All these factors promote the development of a unified
mentality and the formation of a global hyper-ethnic system,
which may be able to control birth rate upon the transition of
the global population to the logistic mode of growth.

In [30], the development of North-American, Western
European, Chinese, Islamic, and Eurasian super-ethnoses was
considered. It was concluded that the most likely core for the
formation of a global hyper-ethnos is the North-American
super-ethnos because it is the youngest and the most dyna-
mic and “passionate” (in the Gumilev’s' sense of the word)
of all super-ethnoses.

The below discussion will be based on the assumption that
a global hyper-ethnos is developing already in the course
of globalization based on the core comprised of the North-
American and West-European super-ethnoses, which are
highly “passionate” and similar to each other in the basics of
their mentalities. This is the most likely scenario as of today.
Among the three World2-MC scenarios of GSES develop-
ment, the scenario to consider implies 300% greater reserves
of nonrenewable resources than it is assumed in the Wold2
model. With account for the fact that resources are increa-
singly consumed and the cost of their production is increasing
with time, this scenario seems to be the likeliest. A three-fold
increase in reserves is equivalent to R = 2700 - 10° (starting

Shttp://discovery.ucl.ac.uk/1446515/1/U602440.pdf

from the year 1900, the reserves are sufficient for 750 years,
the rate of the consumption of the resources being the same
as in 1970). The initial conditions for all other model compo-
nents are assumed in this scenario to be same as in the basic
World2 variant: P, = 1.65 - 109 people (global population),
K,=0.4-10° CU ( global capital investments; it is assumed
that per capita capital investment in 1990 was four times less
than in 1970); X = 0.2 ( the share of the agricultural capital
investment); and Z, = 0.2 - 10° PU (environmental pollution; it
assumed that per capita pollution in 1990 was eight time lower
than in 1970). The results of modeling of GSES development
under these conditions is illustrated in Fig. 14.

The abscissa in Fig. 14 shows the timescale, which
ranges from 1900 to 2800, and the phases of ethnogeny.
The ordinate scale is the same for all components. Figure
captions indicate the names and graphic identifies of the
components and the divisors for dividing the values of
components derived from the respective plots in order to
obtain the actual values.

Modeling results suggest that the oscillations of GSES
components qualitatively correspond to the phases of
ethnogeny discovered by L.N. Gumilev in his studies
of human history. This makes it possible to consider
jointly the ethnic and the socio-ecological aspects of the
development of civilization.

The ascending phase of hyper-ethnos

This phase comprises to stages: the latent and the manifest
ascent. The latent ascent may be assumed to start in the ear-
ly XVIII century, the time of increasing migration of “pas-
sionaries” from Europe to North America and the onsets of
the industrial era (pre-monopolistic capital investmentism)
and the demographic explosion (in 1650, global population
amounted to but 550 million people [23]). This stage, accor-
ding to L.N. Gumilev’s estimate, lasted for 150—200 years.
Thus, the manifest stage of the ascending phase began in the
early XX century.

During the manifest stage of the ascending phase, the
passionarity of an ethnic system drastically increases. The
bearers of passinonarity consolidate within the field of their
action the masses of ordinary personalities. This time is dis-
tinguished by highly expressed manifestations of all types
of activities within a hyper-ethnos: demographic explosion,
economic growth, environmental problems, inner conflicts,
rapid proliferation of ethnic subsystems, and the emergence
of highly disciplined ethnic collectives.

An exponential growth of a population is associated with
a similar increase in the number of “passionaries”. Because
of their high fertility, their number may increase even faster
than the number of ordinary people does.

Another evidence of an increased passionary intension is
the breakdown of the colonial system after World War II.
Former colonies became independent states thus making the
complexity of the global hyper-system to increase. An in-
ternational ruling body that emerged is the United Nations.
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Increased activities of the economic agents of the hy-
per-ethnos at the manifest stage of its ascent are expressed
in the transition from the pre-monopolistic to monopolis-
tic capital investmentism, the emergence of transnational
companies, and the explosive growth of the gross domestic
and gross national products. The driving force of the market
economy are businessmen, who are usually excessively en-
ergetic and striving for maximal gains at minimal expenses.

According to World2-MC, the capital investment of glo-
bal economy increased from 0.44 - 10° CU in 1900 to 0.65 -
10° CU in 1990, that is 15.6 times. Population growth made
it necessary to increase the share of the agricultural capital
investment from 0.2 in 1990 to 0.32 in 1990. Environmen-
tal pollution gradually increased. The reserves of the nonre-
newable natural resources decreased from 27 - 10" mo 24 -
10" RU. Thus, only 10.8% of the initial reserves were spent
during the manifest stage of the ascending phase of the de-
velopment of the hyper-ethnos.

The acmatic phase of hyper-ethnos

The acmatic phase, according to L.N. Gumilev, is a fluc-
tuation of the passionary intension that occurs at the ulti-
mate level of passionarity following the ascending phase.
The time when the ascending phase ends may be determined
by changes in the type of relationship between the coeffi-

cient of population increase and population size: a positive
correlation is replaced by a negative one. Formally, this cor-
responds to the bending point of population growth curve,
where (d*P(t)) / (dt*>) = 0. Upon a discrete representation
with l-year intervals, the bending point is determined by
the equation P, — 2P+ P_ = 0. World2-MC suggests that
the acmatic phase started in 1990. According to demograph-
ic statistics, global population size was 5 billion people in
1987, 6 billion on 2000, and 7 billion in 2012. Thus, the in-
crease in global population was stabilized, in conformance
with modeling results.

During the acmatic phase, passionaries develop a desire for
maximal personal self-assertion even if the desire contradicts
the interests of one’s native ethnos. A recent example of such
self-assertion may be found in the history of USSR break-
down, when the political leaders of Russia, Ukraine, and Be-
lorussia at their meeting in Belovezhskaya Forest signed the
treaty stipulating that their republics will come out of the
USSR in spite of the results of general referendums in these
republics. As a result, 15 new states have emerged in the for-
mer USSR territory.

Inflated individualism associated with increased passio-
nary intension brings the hyper-ethnos to an “overheated”
state. In this state, excessive passionarity is spent in intereth-
nic conflicts, which may be exemplified with the sovereign-
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ty parades of FSU countries, Nagorno-Karabakh conflict,
armed conflicts between Georgia and Abkhazia and South
Ossetia, wars between former republics of Yugoslavia etc.
During the acmatic phase, the number of ethnic subsystems
and the frequency of significant events in ethnic history are
maximum. The phase is not ended yet, and much may happen
during the rest of its time.

According to World2-MC modeling, population must in-
crease from 4.82 billion people in 1990 to 5.81 billion in
2022 during the acmatic phase. However, population growth
rate must gradually decrease to zero. The capital investment
of global economy continue to grow stably from 0.6565 -
10'°CU in 1990 to 1.1 - 10" CU in 2022, that must increase
1.7 times. The continuing population growth requires further
expansion of agriculture. The share of the agricultural capital
investment during the acmatic phase must increase from 0.32
to 0.37. Environmental pollution also continues to increase.
The reserves of the nonrenewable resources must decrease
from 24.1 - 10" to 21.9 - 10" RU during 32 years.

The breakdown phase of hyper-ethnos

According to L.N. Gumilev, the breakdown phase is
associated with a dramatic decrease in population size.
The number of passionaries decreases proportionally.
The passionary intention in an ethnic system decreases
deeply. This is associated with ethnic field fracture, acute
conflicts, and increasing number of indifferent people. The
indifference is expressed in inability to control instinctive
lusts and in asocial behavioral traits, parasitism, and
insufficient care for progeny. Such people usually
concentrate in cities and are responsible for increasing
alcoholism, drug addiction, and criminality.

World2-MC modeling suggests that the time of transition
from the acmatic to the breakdown phase is determined
by the time of reaching the first maximum of population
size. This must occur in 2022. During the next 55 years,
global population will decrease from 5.81 billion people
to 0.54 billion because of extremely low birth rates. This
is nothing else but a profound demographic crisis.

For living standards improvement and demographic
crisis prevention during the breakdown phase, global
capital investment must increase from 1.1 - 10°°CU in 2022
to 1.26 - 10" in 2040. The share of the agricultural capital
investment must increase drastically, from 0.37 in 2022 to
0.72 in 2040. The intensification of economic development
will result in a catastrophically increased environmental
pollution, which must reach 1.8 - 10" PU by 2054. This is
1000 time more than in the year 1990.

The economic measures will not stop the depopulation
process. Labor force deficit will lead to economic recession
and then to stagnation. By the end of the breakdown
phase, world capital investment will decrease to 0.88 -
10'°CU, that is to 30% of the maximum. The share of the
agricultural capital investment will decrease to 0.36, that
is will two times less than its maximum.

The inertial phase

During the phase named by L.N. Gumilev as inertial,
population grows again. Because of the genetic drift, the
number of passionaries increases. A characteristic feature
of this phase is the consolidation of governmental power
and social institutes. Material and cultural treasures
accumulate. Environmental landscape are actively
transformed. The predominant personality traits are
loyalty and workability. Labor is perceived as not a burden
but a valuable prerequisite of wealth. Enormous useful
work is carried out.

It is tempting to supplement this characteristic of the
inertial phase according to L.N. Gumilev’s analysis of
the past with what follows from V.V. Olenyev’s and M.P.
Fedorov glimpse into the future: “The task of developing
a controlled world may be fulfilled only based on a
controlled and planned socioeconomic system, such as
‘ecological socialism™ [21]. In L.N. Gumilev’s theory
of ethnogeny, one of the main factors that determine
the development of an ethnos is the development of the
productive forces, which transforms productive relations
and, hence, social organization. It follows from the law of
conformance of productive relations to productive forces
and the law of decreasing potential of natural resources
that the “environmental-social-economic development (of
a socio-environmental system) corresponds to the formula
[24]: (potential of natural resources) <> (productive forces)
< (productive relations).

When economic growth discontinues (deep depression
during the breakdown phase), market economy becomes
needless. The capital investmentistic mode of production,
which is based on achieving maximum gains at minimum
expenses, most often operates at the expense of destruction
of the biosphere and thus is dangerous for the humankind.

Modeling suggests that the time of the end of the
breakdown phase and of the beginning of the inertial
phase is determined by the date of achieving of the first
minimum of population size (the year 2075, 0.54 billion
people). In the subsequent years, population will increase
due to a decrease in death rate and an increase in birth
rate. The capital investment will increase again after their
short-term decrease to 7.52 - 10° CU in 2097. The share of
the agricultural capital investment increases again after its
drastic reduction to 0.07 in 2095. Environmental pollution
decreases to 1.22 - 10" PU in 2097 and starts to gradually
increase again.

If the hypothesis that ethnogeny phases are associated
with GSES cycles is true, then the transition to the logistic
growth of population size is possible without economic,
social and environmental cataclysms. The negative
experience of the breakdown phase and the transition
of dominant personality traits from sub-passionary to
harmonized in the inertial phase will facilitate birth
control ensuring the maintenance of a current population
size.
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Conclusions

The World2-MC scenarios of global development
lead to conclusions, which, although do not forecast the
development of GSES, still point at significant trends:

1. Inthe XXI century, the humankind will experience not
a catastrophe forecasted by Wold2 and World3 models, but
rather a series of profound crises followed by recovery. Less
profound regional crises having other origins have been ex-
perienced by the humankind not once in the past.

2. The global socio-environmental system (GSES) has
the potential to develop in a cyclic manner during the
third millennium. The number of cycles must increase
proportionally to energy availability for humankind. Each
cycle ends with a crisis. When the resource and energy
potential is limited by the traditional fossil fuels reserves
(oil, gas, and coal), three to four cycles may be expected.
Upon expanding the potential due to shale oil, there may
be up to 15 cycles followed by stationary (in Lyapunov’s
sense) developmental trends of GSES components.

3. Upon widely used controlled thermonuclear
synthesis, the number of cycles must increase infinitely,
and GSES must enter a harmonic oscillator regimen and
thus experience fluctuations around an equilibrium state.

4. The humankind is the ecological dominant of the
biosphere within each separate cycle of GSES development.
Capital investment, food, and environmental pollution,
which are the products of the socioeconomic metabolism
of the humankind and depend on the current reserves of
energy resources, limit human population size within a
cycle but do not determine the number of cycles.

5. Inthe five model scenarios, which differ in their initial
reserves of fuel resources, the stationary levels of population
size reached by GSES after its final cycle range from 1.3 to
1.6 billion people. Population size that corresponds to a 1%
threshold of primary product consumption, which provides

for the stability of the biosphere, amounts to 1.7 billion
people. A similar calculated population size (1.63 billion
people) is sustainable by the biosphere in the scenario
that implies the complete recovery of the present-time
agricultural lands. Thus, the threshold population size,
to which the logistic curve of population size approaches
asymptotically, ranges from 1.3 to 1.7 billion people.

6. Computations suggests that the restoration of
the ecological systems that are currently substituted
with agricultural lands and urbanize territories, which
is proposed in the biospheric concept of sustainable
development as an alternative to the reduction of human
population size, is unfeasible without the proportional
and simultaneous reduction of the latter. Means to restore
ecosystems are discussed in the biospheric concept,
whereas means to reduce human populations are ignored.

7. The cyclic trajectory of changes in global population
is a manifestation of the spiral shape of the curve that
reflects the dependency of the coefficient population
growth on population size. In population ecology, this is
known as Olley curve. The curve explains the existence
of several stable and unstable local stationary states of the
cyclic development of population. The stable states provide
for the possibility of an accelerated transition of GSES to
stationarity.

8. GSES may transit from the cyclic to the stationary
mode of its development starting from a stable local
stationary state via the logistic growth of population size,
its saturating size being 1.5 billion people.

9. A smooth transition is possible, by all appearances,
only after the formation of a global hyper-ethnic system
featuring a common mentality, i.e. common mental
traits and general outlooks, of all people in a controlled
and planned socioeconomic system of an “ecological
socialism” type.
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