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OBJECTS FROM ICE AND SNOW IN THE SPHERE OF CULTURAL TOURISM: RUSSIAN
EXPERIENCE
OBBEKTHI N30 JIbJIA U CHET'A B COEPE KYJIBTYPHOI'O TYPU3MA: POCCUMCKUI ONIBIT

Summary: The article is devoted to the study of cultural tourism directions in Russia. The domestic experi-
ence of architecture objects construction, and ice and snow sculptures production is considered. A number of the
winter architecture and sculpture festivals-competitions organizing examples are presented. The photo illustrations

of the examples are given. The conclusions and prospects are indicated.
Key words: cultural tourism, architecture and sculpture from ice and snow.

AnHoTanusi: CTaThst MOCBAIIEHA UCCIICIOBAHUIO HANIPABICHUH KyIbTypHOTo Typu3Ma B Poccun. Pacemor-
PEH OTEUECTBEHHBII OIBIT CTPOUTEIHCTBA OOBEKTOB APXUTEKTYPHI U IIPOU3BOICTBA CKYJIBITYPHI U3 JIbA M CHETA.
[IpencraBnen psx MpUMEPOB OpraHU3alNy 3UMHUX (pecTHBaNEH-KOHKYPCOB apXUTEKTYPhl U CKYIbNTYpHL. [Ipu-
BezieHb! poTomuTtocTpanuy npuMepoB. OO003HAYEHBI BHIBOBI U IIEPCIEKTHBBL.

Kniouegvie crosa: KynbTypHBIN TypU3M, apXUTEKTYpa U CKYJIBITYpa U3 JIbJla U CHETa.

IHocTanoBka npodaemsbl. Ilo nanHeiM Bcemup-
Hoi Typuctckoit Opranmzanuu (BTO), kynsTypHBIiI
TYpPHU3M CETOJIHS ABJISIETCS TTaBHBIM HAIIPaBJICHUEM TY-
pHCTCKOIl AesTenbHOCTH B Mupe. JloXomsl OT cdepbl
KyJIbTYPHOTO TypH3Ma TaK BEJINKH, YTO CIIOCOOHBI MOJT-
HOCTBIO 00ecneunTh (MHAHCUPOBAHUE MEPOIPHUSITHI
M0 COXPAHEHUIO W Pa3BUTHIO KYJIBTYPHOT'O Hacleaus,
4yTO OTMeYasoch B 1998 rony Ha MexayHapo1HOM KOH-
tdepermm KOHECKO B Crokronsme (I1IBenms).

KynbTypHBIil Typr3M — 3TO IMyTenIecTBUS 3a Ipe-
JIEJIBI TIOCTOSTHHOTO MECTa JKUTENbCTBA, IeJh €0 — 3Ha-
KOMCTBO C MaTepUalIbHON U HEMATEPUAIbHOU KYJIbTY-
PO KOPEHHOTO HACEJICHNUS, TPOKHUBAIOIIETO HA TEPPH-
TOpusiX  oTApIxa. K COBpEeMEHHBIM  IOJABHAAM
KYJIBTYPHOTO TypH3Ma, PACKPBHIBAIONIINM MOTEHIIHAT
MePUOIUIECKNX KyIbTYPHBIX COOBITHIA, OTHOCSTCS 00-
30PHBIHA, KyJIbTYPHO-TIO3HABATEIbHbIM, JKCKYpCHUOH-
HBIH, COObIMUTINGIL MYypU3M, 8 TAKKE MYPUsm enedam-
nenuti [1], KOTOpbIE PaCKPBIBAIOT LIEHHOCTD U aKTyalu-
3UPYIOT  COXpaHEHHE  KyIbTYpHOTO  Hacleaus
MECTHOCTEH, OpPraHU3YIOIIUX TYPUCTCKYIO JesATelb-
HOCTb.

Cobvimuuneir mypusm  (event/festival tourism)
MpeIHa3HaYeH pean30BaTh HHTEPEC TYPUCTOB K KyJIb-
TYpPHBIM COOBITHSAM B MecTax oTabIxa. [l aToro opra-
HHU30BBIBAIOTCS (DECTHBAIH, BBICTABKH, KOHKYPCHI, SIp-
MapKH, TPaJWIHOHHBIC M PEINTHO3HBIC IPa3JHUKH,
KOHLIEPTHI U Tak ganee. OCHOBHAsA yacTb OpraHusye-
MBIX COOBITHH, M3HAYaJIbHO OPUEHTHUPOBAHHAS TOJIBKO

Ha MECTHBIX XXHTeNeH, co BpeMeHeM Iprodpera moy-
JIIPHOCTH AJI BHYTPEHHHUX TYPHUCTOB, a 3aTe€M IOCTe-
NEHHO OKa3ajach IPUBJIEKATEIbHOW W ATl BHEIIHHX
TYpPHCTOB.

Typusm eneuamnenuui (experience tourism) mo-
TPY’KaeT TypUCTOB B KyIbTYPHYIO CPENy TEPPUTOPHI
OTIbIXa, JAaeT BO3MOXKHOCTb IO3HAKOMHUTBCS C MEpPO-
MPUATUSAMHY, BEIXOJSAIIAMU 32 PAMKU CTaHAAPTHBIX TY-
POB, a TaKkXke CPOPMHUPOBATH HABBIKK ITOCPEACTBOM
JIMYHOTO Y4YacTHs TypUCTa B HCTOPHYECKHX PEKOH-
CTPYKIMAX, HHTEPAKTUBHBIX MY3€iHBIX IpOrpaMMax, B
pEeMecCIIeHHBIX MacTep-Kiaccax, B TOM YHCNEe, B KOH-
Kypcax JISASHBIX CKYJIBITYP, a TAKXKE B TPAIUIIHOHHBIX
Mpa3IHUKaX, IpMapKax, TYISTHAAX U PEeCTUBAIAX.

AHaJN3 NOCJeHUX HCCIeA0BaAHMIT U My0IuKa-
muid. B Poccun moreHuuan KyJabTypHOTO TypU3Ma
obecrieunBaeTCs yYHUKAJIBHBIM KYJIbTYPHO-MCTOpPHYE-
CKUM HAaclleIU€M U IIUPOKUM HTHUYECKHUM COCTaBOM
HaceleHus ¢ OOraThIMM KYJIBTYPHBIMH TPaIHLUSIMU.
Pocr cripoca TypucTOB Ha COOBITMHHBIA TYpH3M M Ha
TYpHU3M BIIEYATIICHUH CBHIETEILCTBYET O HEOOXOIH-
MOCTH apXWTEKTYpHOH OpraHW3aluu OCOOBIX 00BEK-
TOB, MIPEIHA3HAYCHHBIX K BOBJICYEHUIO TYPHUCTOB B CO-
OBITHHHBIN Typu3M. B KOHTEKcTe BCero BEIIIE CKa3aH-
HOT0, OCBOCHHE JIEIOBOI apXUTEKTYPHI U CKYJBIITYPHI,
C OJJHOW CTOPOHBI, — OJIMH U3 KpaTyalMX IyTed pe-
IeHUS TPOOJIEMBI, a ¢ IPYrol CTOPOHBI, — Hauboee
JOCTYIIHBIN U B TO XK€ BpeMs BOCTpeOOBaHHBIN c110co0
OpraHU3alMK JOCYra KOPEHHOTO HaCEIEeHUs.
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[IpakTrdeckas AeITENEHOCT IO OCBOCHHUIO CHETa
W JbJja KaK NEepPCIEeKTUBHBIX CTPOUTEIFHBIX MaTepHa-
noB B niociegune 10-15 mer Bemercsa B Poccun mocra-
TOYHO aKTHUBHO. UTO KacaeTcs TEOPETHUECKUX pa3pa-
00TOK, TO TyONWKAIMiA MO JEJOBEIM OOBEKTaM He-
MHOTO, psi7 paboT W3JaH aBTOpaMH HACTOSIIEH CTaThi
[2-4].

Hean craTbu. Brie nepedncieHHoe akTyaaTu3u-
pyeT Hcclie[ioBaHue Tpo0ieM B 0COOCHHOCTEH Mpak-
TUKU WCIOJB30BAHUS CHEra W JIbJia TMPU BO3BEICHUU
APXUTCKTYPHBIX OOBEKTOB M W3TOTOBJICHUHU CKYJIbII-
Typ. [To3TOMY HEOOXO MBI U3YUCHHE 1 aHATIH3 OTEYC-
CTBEHHOTO OITBITA JICIOBOTO CTPOMTENHCTBA IOCIEI-
HMX JICT, 9TO U SABJISICTCSI OCHOBHOM IIENIHIO HACTOSIICH
CTaThH.

=i
e

S5

Droii 3UMOii JiesiHO# ecTuBab B apke [ooe s
Ha [lokoHHON rope NoCBsIIEeH IpAgyIIeMy YEeMIHO-
HaTty Mupa no ¢yrboimy. JlenoBeie mMacrepa ycraHo-
B Oonee 40 NeATHBIX 00BEKTOB U CKYIBITYD, 00B-
€MHEHHBIX B BOCEMb KOMIIO3UIMNA — MO KOJIUYECTBY
rpymn YM-2018. T'octi MOTYT moJiexkaTh Ha PYCCKOU
MIeYn, MOCH/IETh Ha IIAPCKOM TPOHE, 3a0paThecs Ha Jipa-
KOHA WM B TOJUTAHACKYIO MEJIbHUILY.

IMoceturenn yBuasaT kapaBan u3 CayaoBCKOH
ApaBun, UAYIIUH MIMO ETUIIETCKUX MUpamMu. Psgom
MOCTPOCHBI PYCCKHE HW30BI M IEPKBH, 3HAMEHHUTHII
ypyraiickuii MoHyMeHT «Ilanbup». Enie Ha BoicTaBKe
MpeJCTaBICHB MUHU-Konnu bur-bena, nensHple Mu-
HuaTiopsl [lanamckoro kanana, DideneBoil damHn 1
cobopa Ilapmwxckoit boromarepu, neasHas nupamuga
Kykynbkana ungeiines Maiis B Mekcuke, nesHas Ko-
s 3aMKa Oeroid narm Xumea3u B SIMOHUA U pyrue
CUMBOJIBI  cTpaH-ydacTHun UYM-2018. IlenTpans-
HOU (UTYpOH SBISETCA JeAsHAs KOsl MOCKOBCKOTO

Domo 1. Jleosinvie komnosuyuu Ha niowaoxkax Mockewl

H3aokeHne 0CHOBHOr0 MaTepuaJja. B KoHTek-
CTe 3asBICHHBIX BOIPOCOB PACCMOTPHM HECKOJBKO
00BEKTOB, TOCTPOCHHBIX B psAAC KPYIHBIX TOPOIOB
Poccun.

MockBa, KOMIIO3ULINY U3 JIEJIIHBIX COOPY>KEHUN U
ckynbnryp [5].

B kaHyH HOBOrOJHHMX MpPa3JAHUKOB B CTOJIHIIC
Ka)XJIbIi TOJ CO3/Ial0TCS HOBBIC JIEIOBbIE KOMITIO3HIINH
Ha msITH Tiomaakax: Ha IloknonHoii rope, Ha KpacHoii
IIpecne, na BJJHX, B CokonpHukax u B Jly>kKHHKax
(doto 1). Mocksa mpeoOpakaeTcs, TIaBHON ¢ 3UMHEH
JIOCTONPHUMEYATEILHOCTEIO CTAHOBATCSA IE€PEINBAIO-
IIecsl BCEMH IBETaMU Pajyrd JIeASHBIE OOBEKTHI,
HAaJIOJITO OCTAOIIMECS B TaMITH MOCKBUYCH.

Kpemns ¢ nareio OamHsiMu. BbicoTa cKyJabnTyp co-
CTaBJIIET TPU-LIECTh METPOB.

Pycckue ckynbnTypsl U3 JbJla IPEACTaBIEHBI B
I'anepee na Kpachoii Ilpecue. B 3manun nnomansio
450 KB. METPOB KPYIJIOTOJJUYHO COXPAHSIETCI MUHYCO-
Basi TEMIIEpaTypa, MOJJIEPKUBACTCS MPOQECCHOHATb-
HAasl IOJICBETKA U 3BYYHT My3bIKa. JIydIIIMu CKyIbIITO-
pamu Poccun U3roToBI€HBI GUTYPHI TIEPCOHAXKEHN TPO-
U3BEICHUN pycCKOW nurepaTyphl: OaceH Kpsliosa,
cka3ok [lymkunaa n EpmoBa. DKCo3uIys MOKET ObITh
HWHTEPECHA U B3POCIBIM, H AETSAM, COOTCUECTBEHHUKAM
u TypuctaM. [IpoekT yHUKaIbHBIH, HA CO3/IaHUE IKCIIO-
3ULUU YIUIO AEBSHOCTO TOHH JbJla U3 POJHUKOBOHI
BOJIBI.

B paiione BAHX 3uMoil TpaguLMOHHO 3ajliBa-
eTcsl KaTOK, KOTOPBIH CUUTAeTCs CaMbIM OOJBIINM B
mupe. Bce karaioTcs BOKpYr 3HaMEHUTHIX (POHTAHOB
«Kamennsiii iBetok» u «Jlpyx06a Hapomos». B 2017
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TOIIy TIOCPEN 03epa BO3ABUTHYT JieJssHOW MocT «Ce-
BepHOe cusHHE». [Iporpamma QecTuBans CHEXHBIX
CKyJNbITYp «BblOoroBeit» HacTONBKO HACHIIICHA, 3/1€Ch
KOKIBIA HAWIET 3aHATHE 110 TyIIe: CAaHU, CHOYOOPIbI,
JBDKHU, KOHBKA. BOKPYT €JIKH yCTpanBaroTCsS HOBOTO/I-
HUE 3a0aBbl, OPTAaHU3YIOTCS APMAPKH, HAPOIHBIC T'yJIs-
HUS, BBICTYMAIOT HAPOIHBIC KOJUICKTHBBEL. 371ECh XKe
MOJKHO OTBEJaTh HAIMOHAIBHBIC KYJIHHAPHBIC YTOIIle-
HUS U TIONUTH FOPSIUUi vail.

B 3namennToMm napke B CokojbpHHKaxX paboTraer
My3ei JiefsHbIX cKyapntyp «l[lonmspHas 3Be3may, rae
MOCKBHUYH M TOCTH CTOJIMIIBI CMOTYT ITO3HAKOMHUTBCS C
TpaJUIIMOHHBIMY XWHIIaMu HaponoB Ceepa, coba-
YbUMHU  YOPSDKKAMH, aTpUOyTaMU JKHU3HU CEBEPSH.
31ech ke MOXHO YBUACTh QUTYPHI MIMHI'BUHOB, THOJIC-
Hel, KWUTOB, OENBIX MenBenel, MOpKEH, KacaTok.
Jlangmagt CeBepHOTO TMOJIIOCa W MHOTO€ JIPYyroe 3a-
CTaBUT IOCETHUTEINEH ITO-HOBOMY B3TJISIHYTh Ha MHOTHE
BEIIIH.

®ectuBanp «JlenHUKOBBIN TTepruoa» B JlyxxHMKax
MIPOXO/NT €KETOIHO C Hadaia 3UMBI U 0 BECHBI. Tep-
pUTOpHSI IETTUTCS Ha JIBE MOJOBUHBEL. B ogHOI pacmo-
JIO’KEHBI JICTCKHE aTTPAKIIUOHBIL: JICASHBIC TIeIIEePHI, JIe-
JITHOW aKBapuyM, JJAOUPHHT, JIOBYIIKH U TOpkH. JIpy-
ras 9acTh TOCBSIIEHAa MYIbTOMIEMY «JIeTHUKOBBIN
MepHo», TAKXKE 3/1eCh pa3MellieHa rajnepes «Kamemnory
C phIIapsIMK, 3aMKaMH, ApakoHamu. Beero mns dectu-
Bayst B Jly)kHUKaX M3roTaBmuBaetcs 6omnee 70 gpuryp us
JIbJIa U CHETa.

Cankr-IlerepOypr, uctopuyeckuit JIensHoH 1BO-
peu [6].
B 2006 rony B IletepOypre Ha J[BOPIIOBOW IIO-
m1au OBLT IIOCTPOCH JISASHOM TBOPEI] — TOYHAS KOTIHS
XOpOM, BO3BEJICHHBIX BO BpeMeHa AHHBI l0aHHOBHBI B
ITerepOypre B 1740 roxy (doto 2). Torma B mepBsIii pa3
B Poccum nen wcmosnp30Baiy B Ka4eCTBE CTPOHTEINb-
HOTO MaTepuaia, a Bo3eneHue JleassHoro goma ObLTO
nocBseHo 10-TeTHI0 BOCXOXKACHHSI Ha MPECTON pyc-
CKOii mMIiepaTpuilbl AHHBI MoaHHOBHBI U moOese B
BoiiHe Hax Typuueil.

Domo 2. Jleoanoit oom Auner Hoannosnul,
socnpouseedennvlii 6 Cankm-Ilemepbypee 6 nawu Onu

Nmenno B atoM JlensiHoM nBopiie 6 despans 1740
rofia COCTOsUIach 3HAMEHUTAs CBaJb0a LIYTOB KH3s
T'onmunpina u BoBe! by:xeHnnHoBoil. IIpoekt JlensHoro
JoMa ObLT pa3paboTan apxurekTopoM Ilerpom Muxaii-
noBuueM EponkunbiM, a camMa IOCTpONKa IPOU3BOAM-
Jlach MOJ JIMUHBIM HaOuogeHneM AHHbI M10aHHOBHBI
HECMOTPS Ha COPOKArpaayCHBIE MOPO3BI.

CoBpemeHHbIH Jie1oBbIN KomIuieke 2006 rona co-
CTOSUI U3 JIBOpILA, OaHU, IBYX CIOHOB M APYIUX HCTO-
pUYECKUX JIEJIOBBIX KOMIO3HMLHUHN, BOCCO3AAHHBIX IO
onmucaHWI0 akagemuka [lerepOyprckoit AxanemMuu
Hayk ['eopra Bonbeganra Kpagra [6]. BeicoTa nopiia
OKOJIO IIECTH METPOB, a 00Ias IIomaab — MpUMEepPHO
CTO KBaJIpaTHBIX MeTpoB. [yt ero KoMHaT Obla U3ro-
TOBJICHa MeOEeTb W30 JIbJa — CTOJBI, CTYJIbS, KPOBATb,
rnocynaa u 3epkajiga. BoccTaHOBIEHHBIM «ITaMSTHUK ap-
XUTEKTYPBD» TOCETHIIA THICSIN TeTepOypxkIeB. 12

Mapta 2006 rona ¢ HaCTYIIIEHUEM BECHBI U B CBS3H C
oracHoCThI0 00pymeHus JlensHoi aBopen ObII CHe-
CeH.

SIkyrck, Beepoccutickuii pectruBann «3uMa Hauu-
Haetcs B Akytun» [7].

B nenoBoM mapke «CeBepHoe cusiHue» I. SIkyTcka
B ILIECTOM pa3, a B CTaTyCce MEXAYHapOAHOTO — BTOPOH
pa3, NPOBOJAUTCS MEKIYHAPOIHBIM KOHKYPC JIEOBBIX
U CHEXKHBIX CKynbITyp «Bbprmmmuanter SAxytun» (¢poto
3). Yuactaukamu cranu 6osiee 30 komann u3 Kuras,
Mounronuu, [Nomnanauu, ®panuuu, benopyccun, bai-
KoproctaHa, Pecniyonuku Teia, Uysarmu, Cankr-Ile-
TepOypra, MockoBckoit obmnactu, Skytun. D10 mpo-
(eccuoHaNIbHBIE W CaMOJESTENbHBIE XYJOXHHUKH,
CKYJIBITOPBI, MacTepa MPUKIaTHOTO NCKYCCTBa, pado-
TaOIUE ¢ TAKUMU HE IPOCTBIMU MaTE€pHAJIaMU KaK JIE
U CHeT.
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Cpenu HUX HPEToAaBaTeNId U CTYICHTH BY30B,
koyuteked, yunnuin PO u u3 3apybexbs. Bospact
Y4acTHHKOB — OT 18 jeT u crapuie, u3 HUX GopMHUpO-
BaJIMCh KOMAaHJBI IO JBa 4YeJIOBEKa. YCTPOHUTEIH U
YYaCTHUKHM OBUIM JIOBOJIbHBI: SIKYTCKHH JI€J| CaMbli
Jy4IlIM¥ — IJIOTHBIM U OJHOBPEMEHHO YUCTBIH, IIPO-
3pauHblii, 0€3 BCAKOIl KEITU3HBI U TIeCKa.

KoHkypchl NpOBOAKUINCE B ITaBHBIX HOMHUHALUSIX
«JlenoBast ckynmenTypa» u «CHEXHas CKyJBOTYpa», a
TaKKe MOOETUTENISIM OBUTH PUCBOCHBI IIPEMUH CIIOH-
COpPOB B HOMHMHaNMsAX «Tpaanuiuy U caMOOBITHOCTBY,
«Macrep cHera u 1b1a», «IBopueckuii moner», «Opu-
THHAJILHOCTH KOMIO3UIMNY U «MacTepcTBO pe3nObI».

decTuBaNIb HaNpaBJIeH Ha OPraHU3aIMs KyIbTyp-
HOI'O OTZBIXa >KUTeNeH U rocreil SIkyTcka B 3UMHEE U
BECCHHEE BpeMs, a TaKXKe CO3/JaHHe IPUBJIEKATEIHHOTO
UMUKa ropoaa SIKyTcka Kak IeHTpa ApPKTHUECKOH
KYJIBTYPBHI.

XabapoBCK,  KOHKYpC
«Amypckuit xpycTaiby [8].

B XabapoBcke eXeroIHbIH KOHKYPC JIEJOBBIX
CKYJIBITYpP «AMYpPCKHH XpyCTalb» NPOBOAUTCS B 15-i
pa3. TBopueckue cOpeBHOBaHUS MIPOXOAAT Y HAPSIHOU
HOBOTOJIHEN €JKH B FOPOACKOM Mapke OoTAbixa «Jlu-
HaMo». Kak 0OBIYHO, B «JIEJOBOM CPa)KEHHN» y4acT-
BYIOT 10 KOMaH]I, COCTOSIIINE U3 JBYX YEJIOBEK KaXK1asl.
Cpenu 20 KOHKYpCaHTOB MPOQECCHOHANBHBIE ¥ CaMO-
JiesTeNIbHble XabapOBCKUE XyTOXKHUKU U CKYJIBITOPBI.
MHorue aBTOPHI CKYJIBNTYp NPHHUMAIOT ydacTHe B
TBOPUYECKOM IIEPBEHCTBE HE INEpBbIi roa. Hexotopsie

JIEJIOBBIX __ CKYJIBIITYD

@omo 3. Pabomsl kouKkypca aedoswix gueyp « bpuinuanmor Axymuuy

13 MacTepoB, MOOEKIABIINX B KOHKypCaxX IMPOILIBIX
JneT, npeacraBisuin Xabaposck B Xapoune (Kurail) Ha
MexnyHapoHOM (hecThBalie CHera  JibJa.

I'maBHast TeMa JIEJJOBBIX CKYJIBITYP 3a BCE BpeMs
CYIIECTBOBAaHUsI KOHKYpCAa OCTAeTCs HEU3MEHHOH —
«3uMHSISI cKa3Kay. [ BOIUIOIEHUSI CBOUX 3aMBICIIOB
KakJasi KOMaHJa IMoJIy4aeT JISASHOW OJIOK pazmMepom
2x2x0,5 metpa. Ha m3roroBnenne o05eMHOM, IBYXCTO-
POHHEH CKyJBNTYpHl yJacTHHKAM HaeTcs TPU JHS.
CKynbITYpHI OIIEHUBAIOTCS 10 PSILy KPUTEPHEB: YUH-
THIBAIOTCSA TEXHUKA W MAacTepCTBO OOpabOTKU IbAa,
CTETICHb 3aKOHYCHHOCTH ITIPOU3BENICHHMS, PAI[HOHANb-
HOE HCTIONIb30BaHNE MaTePHaIa, OPUTHHATIBHOCTh KOM-
MO3UIIMOHHOTO pEelIeHHs U o0llee BICYATICHUE OT
MIPOU3BEICHUS, CKIIaIbIBatoIIeecs y myomuku (GpoTo 4).

VYcnoBust paboOTBI: MPU  CO3AHUU  CKYJBITYP
MOXXHO IIPUMCHSATE JIE, BOAY, a TAK)KE MaTE€pHUaJbl, IO~
JIy4eHHbIe TIpH 00paboTKe Jib/ia (ABTOPHI UMEIOT PABO
HaMOpaXXnBaTb Ha OCHOBHO# 0JIOK JICAAHBIC YaCTH U
JIeTaJIl N3 KyCKOB, paHee OTKOJIOTHIX OT Hero). Henb3st
UCTIONIb30BaTh UCKYCCTBEHHBIE OTOPHI, JEKOPAaTHBHBIC
9JIEMEHTHl U TOKpacKy ibjaa. Ilo 3aBepimieHMH KOH-
Kypca BCE CKYJBNTYPbl OCHAIAIOTCS LBETHOW MOA-
CBETKOH M OCTAaIOTCSl Ha MECTax B MapKe 10 KOHIA (eB-
paJis, TIe UX MOTYT 0003peBaTh MOCETUTEIH U TOCTH.

KOMaHJlI)I, 3aHABIINC NIEPBOC U BTOPOC MECTA B
KOHKypce «AMYPCKHI XpYCTajib», OTIpAaBSTCS Ha
MexnyHapoHblid (ecTUBabL CHEra W JibAa B TOPOJ
XapOuH.
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KOHKYpca «Amypckutl xpycmaiey 6 2. Xabaposcke

KpacHospck, decruBaib-KOHKYpe «BoumeOHbIit

aén Cubupu» [9].

«Bomme6nsrit 1€q Cubupn» npoxoaut B KpacHo-
sipcke ¢ 2013 roma. IepBsiii pecTrBab OBLIT OCBAIICH
165-oii rogosimHe co aus poxaeuus B.M. Cypukosa
u 385-0if rofoBIIMHE CO JHS OCHOBaHHMs I'. KpacHosip-
cka. B mocmemyromme roAapl XyTOXKHHUKH TBOPHIN
Ha CBOOOIHEIE TEMBL.

B Kpacnosipcke B pamkax VI MexIyHapomgHOro
¢ectuBans-koHkypca «BommeOnsiii n€n Cubupm»
3a npu3oBble MecTa 6opoinck 1o 10 koman: MacTepa
u3 Anonun, JlatBuu, benapycu, SAxkytun um ropojos
Poccun — Mockssl, [lepmu, [llenexoBa, XabapoBcka,
Kpacuosipcka u CocHoBo6opcka (doto 5). B crenyro-
LIEM TOJly INTAHUPYETCsI, 9TO (PeCTUBAIIBL-KOHKYPC CTa-

HET 4YacThlO0 KYJIbTYpPHOM MHpPOrpamMMbl YHHUBEPCHA/IbI
2019 rona.



@omo 5. Jleosuvie komnosuyuu,
xoHukypca «Bomuebnwviii 180 Cubupuy (2. Kpacnospcek, 2016-2018 ze.)

BoiBoabl M npensokeHusi. VI3BecTeH MHOTOJIET-
HUHN TIOJIOKUTEIbHBIH MHPOBOM OIBIT OpraHu3aluu
KOHKYPCOB JIEIOBBIX 00BEeKTOB, SAAnonus u Kuraii — 310
T€ CTpaHBl, TJ€ OBLIM 3aJ0KEHBI OCHOBBI TPAIUINH U
TEMBI A7l CO3aHUs U3JENUi U3 Ibja U cHera. Tema-
THKA 3TUX KOHKYPCOB C KaXKIbIM I'0JIOM pacUINpsieTcs,
BKJIIOYast B Ce0s1 N3TOTOBJICHHUE NIPON3BEICHUI OT Mell-
KOro IITYYHOTO MaciuTaba 10 NMPOM3BOACTBA OIPOM-
HBIX apXUTEKTYPHBIX KOMIUIEKCOB, TAMATHHKOB apXU-
TEKTYpBI, YTO MO3BOJSET MOBBICUTh MO3HABATEILHBIN
3 deKT n pacIIupUTh UHTEPEC YUACTHHKOB U Hacele-
HUSI, @ TaKXKe, COOTBETCTBEHHO, TOBBICUTH 3KOHOMHUYE-
ckuit 9h(HeKT OT MPOBEACHHUS MEPOTIPUATHI.

Kak nokassiBaeT npakTHKa, TEXHUYECKUN U XYJ0-
KECTBEHHBII YPOBEHB CKYJIBITYpP OTEUECTBEHHBIX (e-
CTUBAJECH JIENSHON apXUTEKTypbl M CKYJIBOTYp He-
CKOJIBKO HM)KE 3apyOe)KHBIX, I09TOMY OYEBHJICH BEK-
TOp  Pa3BUTUS HAa  MOBBIIIEHHE  TEXHHUUECKUX
BO3MOXKHOCTEH, PacCIIMPEHUE TEMAaTHKH KOHKYPCHBIX
paboT M yKperuleHHe HWHTepeca HaceneHus. Otede-
CTBEHHbIC (DECTHBAIIM JIEITHBIX U CHEXXHBIX MPOU3Be-
JICHUH KpOME TOTO, COCOOCTBYIOT YKPEIUICHHIO MEX-
KYJIBTYPHBIX KOHTaKTOB: B POCCHHCKHX (ecTHBAIAX
BCE Hallle YJacTBYIOT 3apyOe)KHBIE CKYIBIITOPHI U XY-
JOKHWKH, @ HAIlli CHEIHAIHNCTBl CTaparoTCs NMPHHH-
MaTh y4acTHE B MEPONIPHATUAX cTpaH EBporisl n A3un
[7-9].

OO0o01eHre ONbITa OTEYECTBEHHBIX (hecThuBaleH
JeITHOM apXUTEKTYPhI U CHEXHBIX CKYJIBITYpP MO3BO-

JIUJIO BBIJEIUTD IJIaBHBIE L€ 3TUX MEPONPUATHH, KO-
TOpBIE€ HAIIPaBJIEHbI HA MOMYJISAPU3ALUI0 U COBEPLIEH-
CTBOBaHHE MCKYCCTBAa MAacCTEPOB XyA0KECTBEHHOI1 00-
paboTKH JIbJia U CHETa, MOJAACPKKY XYJI0KECTBEHHOTO
MOTEHLHAJa TaJaHTIUBBIX MOJIOJBIX XYJO0XKHHUKOB U
CKYJIBIITOPOB, BOBJIEUEHHUE B3POCIIOr0 HACEIEHUS U MO-
JIOIEXU B MHTEPECHBIM M MO3HABATENBHBIA OCYT; Ha
pa3BUTHE KOHKYPEHTOCIIOCOOHOW OTEYECTBEHHOH TYy-
PUCTUYECKON MHAYCTPUHU, NPU3BAHHON MOBBICUTH UH-
Tepec K HAIMOHAJILHOW KYJIbTYpE, IPUBJICUEHHUE UHTE-
peca K caMOOBITHBIM TPAIMIIUSAM MECTHOTO HACEICHUS
KaK y CBOMX XKHUTeJeH, Tak U y TOCTeH; popMupoBaHue
CTPYKTYpbl OpraHu3aluu KyJbTYpHOTO OT/AbIXa Hace-
JIGHUSI B 3MMHEE BpEMs: OpraHu3alys HAPOJAHBIX TYJIisi-
HUH, IPMAPOK, MPUYPOUEHHBIX K 3UMHHUM (pecTUBAIISIM
U TPaJULHAOHHBIM HAllMOHAJIBHBIM U PEJIUTHO3HBIM
npa3JgHuKaM, TakuM, Hampumep, kak MacieHuna u
Kpeuienue; nocTuxkeHrne BBICOKOTO IKOHOMUYECKOTO
a¢deKTa OT MOCEICHHS HACSICHHEM U TYPUCTAMU JIie-
JIOBBIX (pecTHUBAICH.
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THE HISTORY OF THE CREATION AND THE PRESENT STATE OF THE LARCH ALLEY IN
THE BOTANICAL GARDEN «KHUTOR GORKA» ON SOLOVKI
HCTOPHUSA CO3JIAHUSI U COBPEMEHHOE COCTOSIHUE TMCTBEHHUYHOM AJLJIEM B
BOTAHUYECKOM CALY «XYTOP I'OPKA» HA COJIOBKAX

Annotation: The Solovki world is the image of human existence, the interrelationship of the cultural and
natural heritage. The object of our study is the botanical garden of the Solovetsky Museum-Reserve, and the object
of study is a larch alley planted with the hands of prisoners.

The avenue is a unique memorial to the unyielding creative spirit of the Russian people and is preserved as a

planning and de-corer element in the garden.

Key words: botanical garden, larch alley, camp period, Makaryevskaya desert, Khutor Gorka, Solovki.

AHHOTalIl/Iﬂ: COJ’IOBGHKI/Iﬁ MHUp — 3TO 06pa3 YCJIOBEYECKOI'O 6I>ITI/I$I, B3aMOCBA3b KYJbTYPHOI'O U NPHUPOJI-
Horo Hacneaus. OOBEKTOM HAIIeTO WCCIeI0BaHus ABIsieTCsl OoTaHndeckuil cax COJIOBEIIKOTO My3esl — 3aIllOBE/I-
HHUKa, a TPEAMETOM U3YUYCHUS - IUCTBCHHUYHAA aJUICA, TOCAKECHHAA PyKaMU 3aKJIIOYEHHBIX.

Ades aBisieTcs YHUKAJIIbHBIM MEMOPHUAJIbHBIM ITAMATHUKOM HecrndaeMoro TBOPYECKOI'0 JyXa pyCCKOro 4e-
JIOBEKA U COXPAaHACTCA KaK HJ'I&HPIpOBO‘IHBIfI )5 IIGKOpaTPIBHBIﬁ QJIECMCHT Ha TCPPUTOPUH Cala.

Kntouegvle cnosa: GOTaHMYECKUH call, TUCTBEHHUYHAS ajules, JJAarepHBIA Meproa, MakapbheBcKas IIyCTHIHb,

Xytop I'opka, ConoBkm.

Solovetsky archipelago includes more than two
hundred islands. Ancestors called the surrounding
White Sea Frozen: the water temperature in it only
reaches the maximum + 8°C by the end of summer. The

archipelago is associated with the Valdai glaciation
about 9 thousand years ago.

Solovetsky Islands, with all their natural original-
ity, initially were of little use for the permanent life of
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people. And people began to transform the islands for
the convenience of life, creating what was not intended
by nature.

The Solovetsky State Historical, Architectural and
Natural Museum-Reserve was established in 1967 as
one of the largest museum-reserves in Russia.

In 1992 was included in the list of objects of cul-
tural and natural heritage of UNESCO as an outstand-
ing monument of world culture, where a great variety
of town-planning, architectural, historical and hydro-
technical monuments of the 16th-20th centuries re-
mained.

Botanical Garden " Khutor Gorka " (Makar-
yevskaya Pustyn) - a place in the Russian North that is
rare in beauty, microclimate and rich history.

In his book "Solovetsky Islands” even GA. Bo-
guslavsky wrote: "Do not forget visit Khutor Gorka and
admire the larch alley and cedar grove" [1].

The history of the Makaryevskaya desert (Khutor
Gorka was named in camp time) is closely connected
with its development and at present is a complex for-
mation, including the remaining fragments of planning,
elements of plantations of different historical period
and the exposition of plants of the modern Botanical
Garden.

Four main periods are distinguished in the study
of the territory: "Monastic" - 1822-1920;
"Campground" - 1923-1939; "School" - 1959-1968 gg
.; "Museum® - 1974 to the present.

In 1822, Archimandrite Makarii chose this place
for poustinia and solitude from monastic fuss. Presum-
ably, it was then that the main layout of the area was
laid: on the southwestern hill, a forest was cleared and
the road to the nearest lake was laid, a wooden clock on
the top of the hill was created, and below it were two
cells [2].

One of the first channels of the monastery, created
at the end of the XV century, connected Lake Nizhny
Perth (Lake Khutorskoye) with Lake Melnichny. The
first monastery mill, using water energy, was working
on the canal [3].

The new arrangement of the territory had already
begun under the rector Archimandrite Alexandra in
1854. It included the construction of a stone staircase
from the chapel down to the main entrance road, the
installation of a worship cross. Perhaps, at the same
time, on the opposite Alexander hill was placed the
Poklonnaya Cross, viewed from it and so the mountain
began to be called Poklonnaya [1].

In the 60s of the XIX century, under the rector of
Archimandrite Porphyry, a house that had been pre-
served to the present time and was called the Archiman-
drite's Dacha was built.

Not far from the dacha was built a small chapel for
the solitary mole-tion of the abbot of the monastery. At
the same time, various exotic species were brought
from different parts of the world. In the second half of
the XIX century, greenhouses, greenhouses were built,
vegetable gardens and flower gardens were broken.

A new stage came with the appearance on the is-
lands of the Solovetsky camp of the SLON in 1923 -
1939. The head of the camp was accommodated in the
Archimandrite's dacha, the commandant's house was

built, and neighboring areas around it began to be used
for growing crops. Prisoners performed garden work.
From this period, the following plantings were pre-
served: the alley from Siberian larch, Siberian fir, Men-
sis falsi, small-leaved poplar, Balsamic poplar, Penn-
sylvania cherry, ordinary ash, common hazel, etc.

After the closure of the camp, in 1939, they placed
the training unit of the Northern Fleet - this was the pe-
riod of desolation of the garden. After the abandonment
of the Northern Fleet, in 1959 an ode on the territory
under study housed the training and experimental farm
of the Solovetsky secondary school. The children with
the teachers cleared the overgrown areas and looked af-
ter the preserved plantations [2].

In 1974, the Solovetsky State Historical, Architec-
tural and Natural Museum Reserve was established,
which included the garden in its structure. The works
on introduction and prophylactic care of plants were re-
sumed. In 1982, the garden was included in the system
of botanical gardens in Russia and was given the status
of Botanical [3].

A feature of the Botanical Gardens "Khutor
Gorka" is the geomorphological features of the terri-
tory, which determined the uniqueness of this botanical
and historical and cultural object. It is located in a hilly
- hollow glacial plain and is located at the intersection
of two differently oriented moraine ridges. It is always
several degrees warmer and creates a microclimate, as
the hills protect against the penetration of cold northern
winds.

Therefore, the period of the monastic development
of the territory of the Botanical Garden "Khutor Gorka"
was a clear example of the rational and thought-out use
of natural potential. The natural harmony was not dis-
turbed by the presence of man, but on the contrary it
was supplemented by it and acquired features of ex-
pressiveness and comprehension.

In the days of the Gulag, in the camp, on the terri-
tory of Khutor Gork, the Solovki Society of Local His-
tory was active, and natural science work was con-
ducted. Then the first nurseries were laid in the area of
the Green Lakes, on Varvarka and in other places of the
Solovetsky Island. It is likely that during this activity,
Siberian larch saplings were planted in the period from
1933 to 1936 [4].

To date, the larch alley is a historical and cultural
monument and a memorial to the "camp" period. It rep-
resents a 138 m long road, on two sides lined with 2-
2.5 m steps.

The first research was conducted by LF Ipatov, he
has counted 83 trees, and Boguslavsky in 1978 has al-
ready recorded 80 Siberian larch. There is evidence that
in 1978, at the age of 47, the average height of the leaf
was 20 m, which corresponded to the 1st class of
bonitet [5].

In 2001 LLC Landscape Restoration Workshop
"Russian Garden" conducted a felling inventory of the
larch alley. It is the main entrance road, which has be-
come one of the most interesting natural features of the
territory in the perception of the historical landscape,
and one of the most important visual connections is the
view of the Alexander chapel - the Poklonnaya cross

(Fig. 1).
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So, when examining a larch alley, VA. Agaltsova
and LM Fursov recorded 76 trees - Siberian larch and 2
pcs. leaf-wreath of the Daurian (young planting). In
2001 (70 years), the maximum height of the larch was
22 m and the minimum height was 14 m. The maximum
trunk thickness was 66 cm and the minimum height was
18 cm. The alley condition was good, the growth and
development corresponded to the | and Il bonitet
boundary [5].

Sixteen years later, in August 2017, a larch alley
was surveyed by the staff of the Department of Land-
scape Architecture of the Moscow State Technical Uni-
versity. N.E. Bau-mana, together with the head of the
botanical garden, Grishanova O.V. She reported that as
a result of a strong wind, on September 30, 2016 there
were five piled up (No. 37, No. 38, No. 39, No. 48, No.
49).

i { i [ mm”" .
Figure 1. Relief of Makaryevskaya desert (Khutor Gorka):
1- Archimandrite's dacha, 2- Alexander mountain,
3- Bowed cross, 4- Larch alley.
The plan-scheme was completed by LLC LRM. The "Russian Garden" in 2001.

Methods of research. The collection of historical
materials was carried out on the basis of archival and
literary sources.

The inventory of the larch alley was carried out
according to the generally accepted methodology de-
veloped by the Academy of Public Utilities named af-
ter. K.D. Pam-filov. Measurements of the diameter of
the trunk were carried out at an altitude of 1.3 m (at the
chest level of an adult person), using a tape measure
followed by a transition from the circumference to the
diameter. The altitude was measured with the Suunto
altimeter to within = 1-2%, and the length of the crown
was measured with an ordinary measuring tape.

Results. Inventory in 2017, showed that at present
the total amount of Siberian larch is - 71 pcs, age - about
86 years. In 2017, the minimum stem diameter was 26
cm and the maximum diameter was 80 cm. The condi-
tion of the alley is good, but sanitary pruning of dry
branches is required (Fig. 2).

Figure 2. The current state of the botanical garden on Solovki:
1 - Archimandrite's dacha, 2 - Alexander Hill, 3- The bowed cross,
4 - Cedar Grove, 5 - Larch Alley, 6 - Khutorskoye Lake ("Lower Perth™).
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The remaining trees have all the vertices intact, but
copies of No. 11, No. 27, No. 29, No. 42 have a double-
top. The crowns of all trees are turned to the side of the
world and have a flag-shaped form. The reason for the
appearance of one-sided crown in larches is the effect
of unilateral winds blowing from Lake Nizhny Perth.
Some trees lose their branches and branches from the
leeward side.

A lunge from the larch tree alley is possible be-
cause the root system is mostly surface and wood plants
are very tightly connected to the earth's surface due to
long roots. Therefore, more often from strong winds the
barrel breaks, than the tree with a root is turned out.

The area of the larch avenue is about 1.09 ha.

We conducted a comparative analysis of data on
the larch alley in 2001 and 2017, which are presented
in Table 1.

Table 1. The size of Siberian larch on the «Khutor Gorkay (2001 and 2017).

Year of sur- Age (indicative), lgleurn;; The height of trees, m. | The diameter of the trunk
Vey years trees medium limits medium limits
L.M. Fursova, V.A. Agaltsova
2001 | 70 | 76 | 2049 | 14-22 | 4290 | 18-66
V.A. Leonova, A.V. Frolova
2017 | 86 | 71 | 2902 [119-464] 5100 | 26-80

From Table 1, we see that in 2001 the average
height of the tree is 20.49 m, and in 2017 - 29.02 m, and
the average diameter of the larch tree in 2001 is 42.90
cm, and 16 years later - 51 cm. The increase in the di-
ameter of the trunks for 16 years on the average is 9.31
cm. The ratio of height and diameter of the leaf is very
wide.

In the course of the survey, we found a slight dis-
crepancy between the diameters of the trunks: in 2017
the diameters were less than in 2001. three trees: No.
33, No. 57, No. 64, which may be due to some technical
error in the design of data for 2001.

Data on the diameter of the crown in 2001. but we
made measurements in 2017. The smallest diameter of

the crown is 2.2 meters, the largest diameter is 12 me-
ters, the average diameter of the crown is 5.58 meters.

On the basis of the collected data, we see that of
the 76 investigated Siberian leaflets, marked in 2001,
there are only 71 trees left. In 2016 five trees were
turned out by a hurricane together with the root system.

In addition, a survey of larches showed that they
have morphological and logical changes: in 2001, two
peaks were broken at two trees (No. 37, No. 66), and
specimen No. 67 has two peaks. In many trees, the
crowns are deformed due to lack of light and are ori-
ented to the north-east and south.

We also analyzed the diameters of larch on the
steps of thickness, the results are shown in Table 2.

Table 2. Distribution of trees according to the steps of thickness in the larch alley on the «Khutor Gorka» Farm-
house according to the data of the 2001 and 2017 accounts

Number of trees and survey years Number of trees
No Stages of thickness in%
2001r. 2017 r.
1 10-20 1 - 0,68
2 21-30 9 2 7,48
3 31-40 20 12 21,77
4 41 -50 31 21 35,37
5 51 - 60 14 22 24,50
6 61-70 1 11 8,16
7 71-80 - 3 2,04
Hroro: 76 71 100%

From Table 2 it can be seen that almost 90% of all
larches account for the thickness of the steps from 31 to
70 cm.

Conclusions. On the basis of the conducted re-
search it is possible to draw the following conclusions:

1. The state of trees is good, which is facilitated by
the biological period of maturity of larch and annual
sanitary pruning of dry branches inside the alley.

2. The height of trees has almost doubled since
2001. This suggests that the development of the tree
goes to the height, since a small step of planting re-
stricts the area of root nutrition and does not allow the
development of the crown in width.

3. Most trees form an uneven shape of the crown:
the main part of it is stretched to the illuminated side,
and the inner part is covered by branches of other trees
obscuring each other. In addition, in the alley twice was
sanitized and treated by biologists, hundreds of people
(a company from Moscow), after which the tree crowns
became flag-shaped.

4. To date, the larch alley is preserved as one of
the important and decorative elements of the planning
structure of the garden. On both sides of the avenue the
thick-leafed bean - one of the first introduced species of
the 19th century - is preserved and grows well, and
forms a kind of biogeocenosis in combination with the
Siberian larch.
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Abstract. This article presents theoretical justification of the methodological foundations for the use of un-
manned aerial vehicles and GIS technologies during registration and mapping of road accidents. A technological
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Problem statement. The relevance of the chosen
topic is explained by the social and economic signifi-
cance of the tasks of increasing the accuracy, efficiency
and complexity of registration the place, conditions,
causes and consequences of road traffic accidents
(RTA), the number of which has recently increased
with the growth of motorization in the country. The
quality of data on RTA affects not only the quality of
administrative and legal decisions regarding RTA par-
ticipants, but also the analysis quality of the causes of
accidents, the determination of places of RTA concen-
tration and the engineering solutions making in order to
improve traffic management schemes.

A brief review of publications on the subject. It
should be noted that the problems of creating a geoin-
formation system and the tasks of photogrammetric
processing of aerial photographs of this article were the
subject of study of such scientists as V. Glotov [1], S.
Derekh [2], Y. Karpynskyi [3], V. Katushkov [4], P.
Krelshtein [5], A. Lanovyi [6], A. Liashchenko [7], A.
Salamanov [8] and others.

Identifying of previously unresolved parts of
the general problem. Despite the existence of a signif-
icant theoretical basis on the research question, in the
domestic scientific practice there are still no fundamen-
tal studies on the automation of the process of registra-
tion and mapping of accidents based on geoinformation
technology using unmanned aerial vehicles.

The goal. The purpose of this research is to im-
prove the efficiency, operability and quality of registra-
tion and mapping of road traffic accidents in modern

conditions based on the use of unmanned aerial vehi-
cles (UAVs) and GIS technologies.

Results and discussions. The use of UAVs for
mapping purposes has great potential in comparison
with alternative land geodetic and topographic meth-
ods, and therefore they are increasingly used in geo-
detic and cartographic production, especially work that
involves regulatory compliance. Unmanned vehicles
with a digital camera make it possible to obtain carto-
graphic products, the quality of which depends on the
processing methods.

One of the leading companies that produce UAVs
for aerial photography is DJI, which is known for the
quality of its products and the high level of innovative-
ness of its platforms [9]. To study the developed geo-
information technology of RTA registration and map-
ping the model Phantom 3 Professional was used.

The developed technological scheme of RTA reg-
istration and mapping is shown in Fig. 1.

The police inspector, who is a member of the po-
lice patrol department of RTA documenting, before
starting the RTA registering using a UAV must to:

1) be trained on special UAV Management
courses;

2) familiarize himself with the technology of reg-
istration and mapping of accidents with the help of
UAV;

3) study in detail the recommendations on the
choice of altitude for the registration of accidents and
parameters related to the use of UAVs during various
weather conditions.
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Downloading the application DJI
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¥
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| |
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¥ I | Processing of aenal photographs :
Generating RTA report in pdf 1—: of RTA site I
L e e e e e e e e e = 1

Print RTA accident report
Fig. 1. Technological scheme of RTA registration and mapping.

The police patrol car should be ensured with: a
quadrocopter with a camera resolution of 4K; a tablet
and a portable printer; paper; pen and USB cable.

At the RTA scene, the inspector performs an acci-
dent registration according to the proposed scenario for
recording RTA using a UAV (Figure 2).

Police inspector W
examines the
attached situation of

the place of the
road accident site

|‘Inspectcr uploads

materials on the
web portal

“Information and

Analytical Center
for RTA

Monitoring”

Inspector processes
aerial photographs
ona web portal

Selects the optimal
survey height in
accordance with the
recommendations

Implementing the

W Launches model over

model setting for the the location of the
flight in accordance accident concentration

J L with the instructions J onselected fixed height

RTA participants
move cars that were

involved in road
accident from the
roadway

Saves the processed
aerial photographs in
the database of the
web-portal in pdf-
format

Assesses the attached
situation on the screen of
the monitor and, in case
of meeting the regulatory

requirements, performs

digital aerial surveys

Carries out the UAV
landing on a flat
open area

RTA participants are \
provided with printed
documents. After
studying them, if there
are no objections from
both sides, the documents
are signed by the RTA

Prints documents

using a portable
L printer

participants and the
inspector who
documented the road
accident

N\ _/

Fig. 2. Scenario for RTA registration with the use of UAV
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In order to register RTA and obtain a report, the The source address of the “Information and ana-
inspector must process the resulting RTA digital mate-  lytical center for RTA monitoring” web portal (IAC for
rials on a computer device that has a downloaded web ~ RTA monitoring) - DTP-BPLA.dp.ua (Fig. 3).
portal or has an Internet access.

Tosonna el Hopmarunua 6asa Hpo nac Kouraxm Admin Buitrn

Jhw aeraasnol inopsatul npo JUTTT wa kapri, saricnits wa sianosiamndi Mapkep

Typoaes o DPAMOKARY Cnomonc Teme T

Moaa Nososares ' Jenenoe None /
 neenarna Cogmenss
Newmoe o’
| @ Py gl
Kowwposss

] . :
2 ! Mapaanonss o
" w.m‘}: ; POSCHINA

! | LSRR ) &) 2 Xenton
Fig. 3. Main page of the web portal "IAC for RTA monitoring"
The process of processing an aerial photograph be-
gins with the click on "Add an aerial photograph" sub-
section (Figure 4).

- B loaate aeposaivor: | NI

Fig. 4. Window of the command "Add an aerial photograph"

As a result, a window is opened (Figure 5), in
which you should click on "Select file" and chose the
required RTA aerial photograph (Figure 6).

““" He ewipan [ JL18 MoMATKY PoGoTH 00epiTh AepoInivMoK. ]
Fig. 5. "Add an aerial photograph" window

%

N oHTAKTH Admin Buiitn

b aeposuivoK. |

Fig. 6. Window of the process of choosing RTA aerial photograph

When uploading digital aerial photographs, the  (length), w, = 540 pixel (width), preserving the aspect
size of the photograph changes to l, = 960 pixel ratio (k =16 _ 1,77) (fig. 7).

9
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Fig. 7. An example of an aerial photograph prepared on a web portal for processing

Distance between given points 1 and 2 with coor-
dinates(1(X,, Y;); 2(X;, Y5)), which has to be shown
on the aerial photograph is calculated by the formula in
pixel

S=J0 - XD+ (Y, —Y))2 @
Subsequently, the algorithm of the program allows
you to automatically convert the pixel of the adapted
digital aerial photograph into the meters of the terrain
area. To achieve the task, you have to enter the height
of the survey, and then the program calculates the
length [,, and width w,, (in meters) of the area, which
is captured in the digital image.

a
h=2Htgs. )

2-H-tgy
=177 ®)

Where a — field-of-view angle of the camera, H —
UAV flight altitude.

In order to find the scale m, that is, the number of
pixel per meter, the program compares the length and
width (in pixel) with the corresponding values in meters
and finds the average value of two results.

b, W
(2+3)
m= > . 4
In this case, 1 meter of the terrain area corresponds

to 12.77 pixels of the adapted digital aerial photograph
(Fig. 8).

Bucota 35

o] |

Macmrad: 1 merp = 12.77 nikcenin ]

ASPOTHIMAHHA (M)

o)

Fig. 8. Window of the flight altitude entry process

The following is an example of the program deter-
mines the scale m and the area of covered territory S in
a digital aerial photograph.

Let’s assume that the flight height of the UAV
over the accident site is H= 20 m, o is the field-of-view
angle of the camera (94 °), then

94
l,=2-20-tg

= 4288w,
94°
W, = w = 24’23 M,
E 1,77
( 960 ', 540)
- _\7288 2 2423) _ yy 3400
94°
. 2, 2 (22
S:4 20t ( 2 )z1039M2.
1,77

Thus, after processing the digital aerial photo-
graph obtained as a result of aerial survey from the
flight altitude of the UAV H = 20 m, the following pa-
rameters of the surveyed area were obtained: the length

of the area [, =42.88 m; width w,, =24.23 m; 1 meter
long terrain corresponds to 22.34 pixel of adapted dig-
ital aerial photograph; 1039 m? covered the UAV at a
given survey altitude.

On the downloaded aerial photograph, after the
completion of above actions, starts the process of plot-
ting the distances, which in accordance with the re-
quirements [10] must necessarily be reflected on the
created RTA scheme. To do this, you need to click once
at the beginning of the distance: one point appears in
the digital picture, press a second time (in another
place, namely at the end of the distance) than the second
point is fixed. So, for the two obtained points in the aer-
ial photograph, the distance in meters is calculated and
displayed.

After processing the aerial photograph you need to
"Save" it. Thus, a scheme is created for the accident site
with the calculated and plotted distances to the aerial
photograph (Fig. 9).
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The result of the road accident recording on a web
portal is documentation of a registered RTA, which in-
cludes the personal materials of the RTA participants

Fg 9. Window of the processed aerial photograph of the accident site

and the cartographic materials of the accident site. The
report on the road traffic accident corresponds to the
"Europrotocol” form (Fig. 10).
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Fig. 10. Protocol of registered RTA
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The model of the web portal "Information and An-
alytical Center for RTA Monitoring " was developed on
the basis of the PHP Framework software platform,
namely the version — Yii Framework 1.1.16 and has a
tree structure.

The main used languages are HTML, CSS, Javas-
cript and PHP [11]. HTML was applied to markup a
document (page), namely to write in order all elements
(text, pictures, blocks) that are on this page. CSS was
used to implement the design of these elements: color,
background, sizes, indents, frames, shadows, transpar-
ency, and the like. Similarly, in CSS, the positioning is
written, that is, the place of the elements on the page
has been determined, animation, namely, some mobil-
ity, which with the development of IT technologies ac-
quires more and more opportunities. Javascript has
added very interesting features (comments, password),
and much more that is related to the appearance and
functionality of the web portal. PHP was used to write
applications (website engines, plugins and themes).

To work with a web portal, you need a web
browser of one of the versions:

= Google Chrome 24 and higher;

= Internet Explorer 9 and higher;

= Opera 12 and higher;

= Mozilla FireFox 17 and higher.

The mechanism of depicting points on the RTA
aerial photograph with a UAV and the calculation of
distances between them is implemented in Javascript
and JQuery. The choice of jQuery - JavaScript Frame-
work, is due to the ease of understanding and conven-
ience in use [12, 13].

JQuery is the most popular library of ready-made
solutions that focuses on the interaction of JavaScript
and HTML [14]. The jQuery library has made it easy to
access any DOM element, access the attributes and con-
tents of DOM elements, and manipulate them.

Also, the jQuery library provided a convenient
API for working with AJAX. In order to implement
some action or effect on the page, it is not necessary to
write the whole code, it is enough to make a short re-
quest to the library and the necessary code will be in-
serted in the specified place, at the time of the solution
implementation.

Fig. 11 shows the codes of the mechanism of web
portal operation “Information and Analytical Center for
RTA Monitoring” when processing the aerial photo-
graph of accidents.

functional calculate (h) {
if (1$.isNumeric(h)) {

point!’);
return false;

scale=(((canvas.width/(tan*h))+(can-
vas.height/((tan*h)/1.77)))/2.toFixed(2);
marked=1/scale;

alert (‘The height must be a number, an integer or a decimal with a

S(“Histate’). html(‘span style=\"font-size:16px;\”Scale:</b></span>’);

1.File code, with which the scale
is determined

point_b = [e.layerX, e.layerY];

(Math.pow((point_b[1] - point_a[1]), 2)));
ctx.beginPath();

marked=1/line_len;
marked=marked.toFixed(3);

line_len = Math.sgrt(Math.pow((point_b[0] - point_a[0]), 2) +

2. The principle of constructing a
segment

(Math.pow((point_b[1] - point_a[1]), 2)));).

(line_len = Math.sqrt(Math.pow((point_b[0] - point_a[0]), 2) +

3. The length of a segment is cal-
culated by coordinates

(point_a[1] + point_b[1]) / 2;).

(cent_line['x"] = (point_a[0] + point_b[0]) / 2; cent_line['y'] =

4. The center of the segment it-
self is calculated to output from
this point an inscription with a
calculated length

point_a[0])).toFixed(2);).

(rot_angle = Math.atan((point_b[1] - point_a[1]) / (point_b[0] -

5. The slope angle of the segment
and the text with the length of
this segment is calculated

(line_meter = line_len.toFixed(2)*marked + 0.05;).

6. Amends are introduced in cal-
culating the distance due to the
wheel axis

Fig. 11. Code files of the mechanism of web portal operation

The edited image (with distances segments plotted
on it) is saved in a separate directory and is attached to
the corresponding road accident due to a record in the

geospatial database, implemented on the basis of the
MySQL DBMS [15] and supports the relational data
model.
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Conclusions and suggestions. It can be argued
that the developed geoinformation support of the web
portal “Information and Analytical Center for RTA
Monitoring” is intended for collecting, recording, map-
ping, generating and issuing relevant documentation on
the state of the accident site.

Application of this innovative solution to the pro-
cess of registration and mapping of RTA allows solving
a number of issues related to the process of registration
and mapping of RTA, namely: the problem of traffic
jams will be solved; the process of RTA registration
will be automated; the accuracy and reliability of the
created schemes of the accident site will be increased;
the number of disputable issues will decrease; the re-
ceived materials could be used for other purposes (mak-
ing motivated decisions on court cases, implementation
of reasoned payments by insurance companies), and ac-
cordingly the corruption component will be decreased.
Thus, the collecting and scientifically based processing
of information makes it possible to assess the overall
state of accident rate not only in certain administrative
regions, but also in Ukraine as a whole.
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Jloxmop ceoepaguueckux HayK, 6e0ywull Hay4Hbili COMpPYOHUK
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HAJIEOIEJOJOIMYECKH ACHEKT JECCOBOI'O HEOIUIEMCTOIIEHA BOCTOYHO-
EBPOIIEMCKO PABHUHBI

Glushankova N.I.
Lomonosow Moscow State University, Russia

PALEOPEDOLOGICHESKY ASPECT OF THE LOESSIAL NEOPLEISTOCENE OF THE EAST
EUROPEAN PLAIN

AHHOTaNUA

B PE3YIBTATE KOMIIJICKCHBIX MEXIUCITUITTIMHAPHBIX HCCHeHOBaHHﬁ, C IPUMEHCHUEM METOIOB quBepTH‘IHOﬁ

TC€OJIOTHH, naneoreorpa(imn U FCHCTUYCCKOI'0 IMOYBOBECACHUA, MPOBEACHO PUTMOKIMMATUYECKOEC 000CHOBaHNE
C’IpaTI/IFpa(l)I/I"ICCKOFO pacHiicHCHUA HOBEHIINX OTIOKEHUI U BBITTOJTHEHBI Haneoreorpa(quGCKne PCKOHCTPYKIIHUH
IMMOYBCHHOI'O IOKpOBa U HpHpOL[HOf[ Cpeabl Ha NPOTAKECHUU OT PAHHCTO HeOHJ’IeﬁCTOHCHa J0 rojioncHa Ha 3Hadu-
TeabHOU TeppuTopuu Boctouno-EBpomneiickoil paBHUHBL.

Abstract

As a result of complex interdisciplinary researches with use of methods of
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Quaternary geology, paleogeographic, soil science, ritmoklimatichesky justification of a stratigrafichesky
partition of the latest deposits is given and paleogeografichesky of reconstruction of environment on an extent
from an early Neopleistocene till the Holocene in the considerable territory of the East European Plain are exe-

cuted.

Kniouegvie crosa: HeomneiicToneH, roioreH, JECCOBO-TIOYBEHHAs (opMmanusi, OHNOPHBIE pa3pesbl, Ma-

JICOIIOYBKI, DBOJIFOIIHA.

Keywords: Neopleistocene, Holocene, loessial and soil formation, basic cuts, fossil soils, evolution

BBEJIEHUE

Ha coBpemeHHOM dTane cpenu mpoOriem 4yeTBep-
THUYHOH T'€0JIOT MY U Najieoreorpaduu HeoIIeHCToIeHa
MO-TIPE)KHEMY AKTYyaJbHOW OCTaeTcsi 3ajada BCECTO-
POHHETO M3YYCHHUS HOBEHIINX OTJIOKCHHH B LENAX: 1)
nasieoreorpauueckoro  00OOCHOBAaHHUS  JETaNbHBIX
cTpaTUrpaUIecKux CXeM, IMHUPOKO HMCIIONB3YEMBIX B
Te0JI0T0-CheMOYHBIX W TIOMCKOBEIX paboTax; 2) MoHH-
MaHHA OOIIUX TEHACHIINHA pa3BUTH IPUPOITHON CPEIbI
B MOCJICTHUM MUJITHOH JIET, HEOOXOUMBIX IS CO3/1a-
HUSI IPOTHOCTHUYECKUX CLIEHAPHUEB BO3MOXHBIX H3Me-
HeHUH B nepBoi nonoBuHe XXI Beka, B CBSI3U C OXKHU-
JaeMbIMM IJIOOQJBHBIMH H3MEHEHUSMH  KJIMMarta.
Hawnbosee nepcrieKTUBHBIM TIPH 3TOM SIBJISICTCS H3Y4e-
HHUE OTJIOKEHUH, HaKOIJIEHHNE KOTOPBIX MPOUCXOIUIO
Ha NPOTSDKEHMM JUIMTENbHBIX NepuonoB. MMeHHO ¢
9TUM CBsI3aHa YHUKaJIbHAasl POJb PE3YJILTATOB UCCIENO-
BaHUA JECCOBBIX MOKPOBOB M CONPSKEHHBIX C HUMHU
HCKONAEMBIX MOYB, OTPAKAIOLIUX B CTPOCHUU U BEILIE-
CTBEHHOM COCTaBE YCJOBHS OCaJKOHAKOIUICHMS, MOY-
BOOOpPa30BaHMs, M 4aCTO COJEpXKAIIUX B €AWHOM, TO-
YTH HENPEPHIBHOM pa3pe3e, TeOXPOHOIOTHYECKYI0 U
najeoreorpaguyeckyo MHGOPMALMIO O BaXKHEHIIMX
COOBITHSIX HEOIUIEHCTOICHA, CTOJIb HEOOXOAUMYIO JIs
cTpaturpad)uuecKux MOCTpoeHuil. Bmecte ¢ Tem, He-
CMOTpPSI Ha JUINTEIBHYIO HCTOPHIO M3YYEHHUS MHOTO-
TUTAHOBOHM JNIECCOBOM MPOOJIIEMBI M JOCTHUTHYTHIE pe-
3ylbTaThl IUIOAOTBOPHBIX PEKOHCTPYKLUMH, BCE ermé
ocTaercs psJ JUCKYCCUOHHBIX U HEPELIEHHBIX BOIPO-
COB, KacalolUXcsl TeHe3Hca, pAaCUICHEHUS U KOppes-
U CTpaTHrpadUIecKuX MOIPa3IeIICHIH JIECCOBOTO
KOMILIEKCa, OTpPENeNICHUS XPOHOCTpATHTPahUIeCKUX
MO3UINN KOHKPETHBIX TOPU30HTOB PAa3HOBO3PACTHOI
NECCOBO-NIOYBEHHOI (hopMaIHH.

Tepputopuss BocTtouno-EBpomneiickoii paBHUHbI
SBIISIETCA 00JaCThI0 HAMOOJBIIEr0 PAcIPOCTPAHEHUS
JNECCOBBIX IIOKPOBOB HEOIUIEHCTOLIEHA B Ipejenax
EBpaszuu. TpynamMu MHOTOUYMCIIEHHBIX HCClIeI0BaTeNnen
(H.H. Kpurep, ILI1. 'epacumos, A.A. Bennuxo, M.O.
Bexauu, T.Jl. Mopo3zoBa, H.W.I'nymankosa, H.A. Cu-
PEHKO M Jp.) OBUIO MOJYYEHO JOCTaTOYHO ITOJIHOE
Ipe/ICTaBIeHHE 00 UX CTPOSHHUH M MIPOCTPAHCTBEHHBIX
3aKOHOMEPHOCTSX Pa3BUTHA. BBIIO yCTaHOBIEHO, YTO
n€cChl, IMEIOIINE TOYTH CIUIOIIHOE PacTIpOCTPaHEHUE
K 1ory ot smHu# JIbBoB-Kues-Ps3anp, o0pasyroT ean-
HBIA TIOsIC, TpoTsATHBaromuiics oT Kapmar mo 3aBoi-
KbsI, aKKyMYJIHPYSICh B IpeAesiax, KaK KPYITHBIX aJlTio-
BHAJBHBIX HH3MeHHOCTeH (J{HenpoBckas, Oxcko-/{oH-
ckasg, TamOoBckas), Tak W  BO3BBINICHHOCTEH
(Cpennepycckas, IlpuBomkckas). Hambonee moiHO
Nn€cCOBBIE OTIOKEHNUS IPEACTABICHBI B IEHTPAJIEHOM U
I0r0-3aaJHOM CEKTOPaxX PaBHUHBI, Il BBIIEISIOTCS
TJ1aBHbBIE apeabl JIECCOBBIX MOPOJI, U3yYEHHBIX HAMHU B

CEpUU OMOPHBIX U CTPATOTUIIHMUECKUX Pa3pe30B Ha Tep-
putopuu JlecunHcko-/lHenpoBckoif, CpeqHepycckoi,
Oxkckolt, Oxcko-JloHckoit, ITpuBomkckol, 3aBOIIK-
ckoift m Kamckoit néccoBeix mpoBuHnui [15]. 3mech
HAMEII0 MECTO HEOJHOKpPATHOE YepeOBAHHE JICTHIKO-
BBIX W MEXJIETHUKOBBIX OOCTAHOBOK CO CIIOXHBIM CO-
YeTaHUeM TILIIHOINHAMHYECKIX MIPOIIECCOB C MPOIIeC-
caMH JECCOHAKOIUICHUS, IMOYBOOOPA30BAHUSA, KPHO-
Mop(oreHesa, OTpaXKarOIINX 0COOEHHOCTH IPUPOTHO-
KIMMaTHYECKUX U3MEHEHUI Ha MPOTSHKEHUHU HEOIIeH-
cTolleHOBOM ucTopuu. Ha rore paBHUHBI n€cchl pac-
MIPOCTpaHeHsbl 10 nodepexuii YepHoro u A30BCKOTO
MOpEH 1 MPOCIEKUBAIOTCS B MpeieiaX UX aKBaTOPUU.
Ha BocToxke rpaHuIia CIionIHoro ¥ NpepbIBUCTOTO pac-
MIPOCTPAHEHUS Pa3HOBO3PACTHHIX JIECCOB B OOIINX Uep-
TaX COBIIAJaeT ¢ BOCTOYHOH nepudepueir Okcko-JoH-
CKOW paBHHHEI, a Jaiee, BIUIOTH 10 oxHOTO [Ipemy-
paybsi, TE€cCOBBIE TIOKPOBHI MPEICTABICHHI B PEIKUX
HEOOJIBIIINX MACCHUBAX, TJIe OHU MMEIOT MaJIble MOIITHO-
ctH [5]. McknroueHne cocTaBisieT TEPPUTOPHS 3aBOJI-
*Kbs 1 [IpuKkambs, T7Ie BCTpEUArOTCsl apeabl JECCOBBIX
MOKPOBOB, 3aHUMAOIIUX 3HAYWTENbHbIE IJIOMAAA U
CYIIECTBEHHYIO YaCTh CTPATUrPAPUUECKON KOJOHKH
HEeOoIUIeHCTOlIeHA.

B cratbe B kpaTkoii popme u3nararoTcs OCHOBHbBIE
JIaHHBIE, MOJyUYCHHBIE B UTOTE M3YUYEHUS TICPUTIISIIIH-
ATBHO-IECCOBOH (hopManuy Ha TEPPUTOPHH OACCEHHOB
Huerpa, loHa, Boxiru, momotHeHHBIE HOBBIM (DaKTH4e-
CKUM MaTepHAIIOM, ITOJIYYCHHBIM B TIOCIEIHES BpEMsI.
B ocHOBY cormocraBiieHuit 1 0000IIeHUI TIOJI0KEH 3Ha-
YUTEIBHBI MAacCUB JTaHHBIX, COOpaHHEIA B TpoIiecce
MTOJICBBIX, AHAIMTHYECKUX, CPaBHUTEIBbHO-Teorpadu-
YECKUX UCCIIEOBAHUN CTPATOTUITUIECKUX M OMOPHBIX
pa3pe3oB Ha TeppuTopum OaccelinoB Jluempa, JloHa,
Bonru, otnuvarmmuxcs Apyr OT Apyra CTpPOEHUEM HO-
BEHININX OTJIOKEHHUI M UCTOpUEl maseoreorpaduue-
CKOTO pa3BUTHS. B cTaThe MpUHATO ABYUYIICHHOE Jelie-
HUE KBapTepa Ha rOJIOLEH W IUICHCTOILIeHa, a MOoCe/-
HUH nenutcs Ha sorwiedcToueH (2,58-0,8 miH. jer
Ha3ax) u HeorureictoneH (0,8-0,01 muH. et Ha3zanm).
OcHOBaHHE HEOIUICHCTOIICHA COBMANACT C PyOeKOM
MaJICOMarHUTHBIX 310X MarysmMa u bpronec 0,78 MiH.
net Hazax [20].

OBBEKTBHI 1 METOAbI UCCIIEJJOBAHUA

OCHOBHBIMH 00BEKTAMHU CUCTEMATHYECKOTO H3Y-
4eHUs JIECCOBO-TIOUYBEHHON (opmammu B OacceliHax
Huenpa, lona, Bonru mocmyxunu 6onee 70 cTpatoTh-
MUYECKUX M OTOPHBIX Pa3pe30B €CTECTBEHHBIX OOHA-
JKEHUI TI0 TPEBHUM PEYHBIM JOJIUHAM, TPUIOTUHHBIM
YacTsIM APEBHUX BOJOPA3ACNbHBIX IMOBEPXHOCTEH U
oBparaM. DTO MO3BOJHJIO MOJIYYHTh HAUOOJIEE TTOTHOE
MpPEeACTaBICHUE O T€OJIOTHYECKOM CTPOECHUU U ONTH-
MaJIbHBIC YCIIOBHUS JJIsl OMUCAHUS, 3apPUCOBOK, 0TOOpa
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6onee 500 oOpa3IoB U3 BCEX IEHETHYECKHUX TOPU30H-
TOB MAJIEONIOYB U U3 BCEX CJIOEB BMEILAIOLIUX UX OTJIO-
JKEHUH, pa3auyaroluxcss KOMIUIEKCOM IPU3HAKOB.
st Koppenauuy U AeTaau3auuy OTI0KEHUHN 3aKIabl-
Bajlach CEpUsl AOMOJHUTENIBHBIX T'€0JIOTHYECKUX Pa3pe-
30B, HAMHOTI'O IPEBOCXOSALIUX YUCIIO ONOPHBIX U CTpa-
TOTUIIHUECKUX pa3pe3oB. C UX TOMOIIbIO NOATBEp-
JKOAJICS ~ HECIly4aWHBIM  XapakTep  CBOHCTB U
0CcOOCHHOCTEW IOPU30HTOB HMCKOIMAEMBIX I04B, 00Ia-
JaronMx MoppoTHMueckuMH npu3Hakamu. [locnen-
HHE BKJIOYAIOT, IOMUMO MOP(OJIOTHYECKUX TPH3HA-
KOB IIOYBEHHBIX IPO(WIIEH, TaK)Ke TeHETUYECKUE THUIIBI
1 MOIIHOCTU NEPEKPHIBAIOIIMNX U MOACTUIAIOIINX TO-
pox, xapakrep neopMaiiii 1 BTOPUIHBIX W3MEHEHHN
MOYB H JECCOBBIX OTIOXKEHHH. C EeNbl0 BBIICHEHUS
JUTOJIOTUIECKUX ¥ (palMaIbHBIX W3MEHEHHU OTIENb-
HBIX TOPHU30HTOB MO MIPOCTUPAHHUIO 3aKJIAJbIBAIUCH
(hpoHTaTIBHBIC PACUYHUCTKH, Ha OCHOBAaHUH KOTOPBIX
MOYHO OBUIO JOCTAaTOYHO YBEPEHHO CYAMTH O IOCIIe-
JIOBAaTEJILHOCTH HX 3aJleTaHMsA, UMeIollee IepBOCTe-
MCHHOC 3HAUCHHE TMPHU pa3paboTKe crparurpaduuec-
CKHX CXEM.

Y4uThIBas HEpa3phIBHYIO CBA3b (B AMANa30HE He-
OIUICHCTOIIEHA) TOPH30HTOB JIECCOB M COMPSKEHHBIX C
HUMH HCKOINAEMBbIX MOYB, a TAK)KE€ KPUOTEHHBIX SIBJIC-
HUM, XPOHOJIOTHYECKUE U TajieoreorpauyecKie mo-
CTPOEHUS AAIOTCSI B COUYETAHUM C YKAa3aHHBIMHU KOMIIO-
HEHTaMH, T.€. paCCMaTPUBAIOTCA KAK JIECCOBO-TIOYBEH-
HbIE€ WJIH JIECCOBO-NIOUYBEHHO-KPUOTEHHbIE cepuu. B
OCHOBY CTpaTurpa(uueckoro pacuieHeHUs! JECCOBBIX
OTJIOXKEHUI OBUIM TOJIOXKEHBI: YCTaHOBJICHHBIE €CTe-
CTBECHHOUCTOPHUYECCKUEC ITAIIbl PA3BUTHSA JIECCOBO-TIOY-
BEHHOH (OpMAaLnH, BBISIBICHHBIN KOMIUIEKC THArHO-
CTHYECKHX IOKa3aTesel, TUIOJIOrHdeckoe cBoeoOpa-
3U€ W TCHETHYCCKasd HCIOBTOPUMOCTH IMOUYBEHHBIX
TOPU30HTOB, SIBJISIOIIKXCS ITTABHBIMU MAPKUPYIOIIUMHU
penepaMy OTHENbHBIX T'€OXPOHOJOTMYECKUX ATAroB
HeoIUIeHCToIeHa. BrIgBIeHHOE cBOcoOpa3ue I03BO-
JIMJIO YBEPEHHO pacro3HaBaTh Pa3HOBO3PACTHBIE UCKO-
MaeMbl€ MOYBbI U UX KOMIUJIEKCHl HE TOJBKO B OJHOM
paspese, HO H Oiarogapsi TCHETHYECKOH CBSI3U B JIPEB-
HUX TOYBEHHBIX IIOKPOBAaX, IPOCJIEKHUBATh Hepas-
PBIBHO Ha 3HAYUTCIIbHBIC PACCTOSIHUA.

Jlnist onpeiesieHnst XpOHOJIOTUYECKOH IPUYpPOUCH-
HOCTH ITAJIEOTI0OYB K TOMY WJIM HHOMY OTPE3Ky HeoIule-
HCTOIICHA, YCTaHOBJICHHS BO3pacTa JIPEBHETO ITOYBO-
00pa3oBaHys, KOPPEISIIIMU TOPU30HTOB Pa3HOBO3pacT-
HBIX TI0YB MCIOJIb30BAJINCh, KaK JaHHbIE a0COIIOTHOTO
(pazmoyriiepoiHOT0), TaK ¥ OTHOCHTEIILHOTO JAAaTHPO-
BaHMs (JJaHHBIE MUKPOTEPUOJIOTMYECKOTro, Manakoda-
YHHCTHUYECKOT0, OPHUTOJIOTHYECKOr0, NaTHHOIOTHYE-
CKOT'O MeTOOB). Pe3ynbraTsl MHKpOTEpHOJIOTHYE-
CKOT'O METOoaa  SBJISIJIMCH BO MHOTHUX cirydasax
CBSZYIOIIUM 3BEHOM, OOOCHOBBIBAIONINM OJHOBO3-
pacTHOCTH CTpaTUrpadUUecKux TOPH30HTOB, Mpea-
CTaBJICHHBIX pa3HbBIMU T'€CHCTUYCCKUMHU THUIIAMH OCal-
KOB.

OcCHOBaHHUEM JIJIs1 CPaBHUTEIBHO-aHATTUTHIECKOTO
METOza SIBJISETCS aJeKBaTHOCTh COBOKYITHOCTH IIPH-
3HAKOB COBPEMEHHOTO H JPEBHETO OYBOOOPA30BaHNS.
BrrsBiieHne 0coOEHHOCTEH TOCIEIHET0, C YIETOM CO-
XPaHHOCTH YCTOMUYMBBIX MPHU3HAKOB MX IEPBOHAYANb-
HBIX CBOMCTB, JOCTaTOYHO YETKO MPOSBIIAETCS MPH UC-
MI0JIb30BaHNU B IMArHOCTUKE IMOYBOOOPA30BATEIBHBIX
MIPOLIECCOB KOMIUIEKCa IOKa3aTeNlel: OpraHn4ecKkoro
BelecTBa (00ILEro coepKaHus, paclpeesICHUs U Co-
OTHOILICHHMS TPYII T'YMYCOBBIX BEIECTB, PUPOABI I'y-
MYCOBBIX KHCIIOT W Jp.), TPaHyJIOMETPUYECKOrO CO-
CTaBa, BaJOBOI'O XUMHYECKOTO COCTaBa, KapOOHATHO-
CTH.

PE3VYJIbTAThl HCCJEJIOBAHUM M HX
OBCYXJEHMUE.

HKHUI HEOIUIEMCTOLEH.

Ilemponaesnosckuii mepmoxpon. OCHOBaHUE He-
OIUIEICTOLICHA COBIAJACT C PyOEKOM IAICOMarHuT-
HBIX 310X MaTtysama u bpronec (0,78 muH. et Ha3an).
B npuHATHIX cTpaTurpaduuecKux cxeMax HIKHSS Ipa-
HUIIA TUICHCTOLIEHAa MPOBOANUTCS B OCHOBAHUH IETPO-
MIaBJIOBCKOTO TOPU30HTA, OTHOCAIIErOCs K Iajeomar-
HUTHO# 3moxe Matysma (tabmuma 1) [33]. CootBet-
CTBYIOIIHE €My  QJUIIOBHAJIBHBIC  OTJIOKCHHS,
H3ydeHHbBIe aBTOpaMu B Oacceitne Bepxuero JloHa, co-
JepkaT MUKpoTeprnodayHy INEpexoJHyl OT TaMaH-
CKOM K THpacmoibckord. O0mmk coobmecta [lerpo-
TIaBJIOBKA-2 OMNPEAETAIOT MONEBKH, C MpeodiafaHueM
Cpeu HUX KOpHe3yObix hopm poga Mimomys, npu Bbi-
COKOHM YHCJICHHOCTH HEKOpHE3yObIXx ocobeit. [1o 3ko-
JIOTHYEeCKOMY OOJIMKY 3Ta (payHa JIECOCTEIHOrO THIIa,
CYIIECTBOBABIIAs B YCJIOBHAX TEIUIOTO M YMEPEHHO
BIaXHOTO KinMarta [1,2]. O0 aHAIOTHYHBIX YCIOBHUAX
CBHJIETENILCTBYET ManakodayHa. ITOMy BpeMEHH B CO-
CTaBE€ JIECCOBO-TIOUBEHHOHN (hOpMaIli COOTBETCTBYET
6amarmoBckas nousa (MKC 19), Beiensemas B HU3ax
HOBOITOKPOBCKOW JIECCOBO-ITIOYBEHHON CEPHM M OTBE-
qaroteit 30He 00paTHOM moisipHOCTH Matysma. B Heit
oOHapykeHa MHKpoTeprodayHa ¢ TpeodiiagaHueM
cycnukoB pojaa Citellus, kotopyro ucciienoBarenu or-
HOCSIT K CaMBbIM HH3aM 310XH1 bproHec nim k 3axmoun-
TesnpHOM (hasze amoxu Matysma. BrisgBIeHHBIE JUarHO-
CTUYECKHE JIaHHbIC YKa3bIBAIOT HA HAJIMYKE B HEH Npu-
3HAKOB CyOTpONUIECKOro MOYBOOOPA30BAHUSL.
OCHOBHOI ()OH B IIOYBEHHOM MOKPOBE 3TOT'0 BPEMEHH
Ha Tepputopun 6acceiinoB JlHemnpa (Ha camMoM fore) u
JlHecTpa cocTaBIsUIM TAJEONOUYBBl C TEKCTYpPHO-IH(-
(epeHIMPOBAaHHEIM TPOQHIEM W HAJIWYMEM ILUIa3MBbI
braunlehm B ropusonre Bt, a Taxke monureHeruye-
CKHE KPacHOLBETHBIC 00pa30BaHMs C IPU3HAKAMHU I1PO-
neccoB pyoepukannu u oxesezHeHus. CornacHo mna-
JIMHOJIOTHYECKUM JaHHBIM B Oacceiine [lHecTpa B 3TO
BpeMsi MIOHIKEHHBIE YYaCTKH ObUIM 3aHSTHI JecaMu, B
KOTOPBIX MOCTOSTHHBIMHU
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Ta6muma 1 Ctpaturpadudeckas cxema Heorutelicroriena Llenrpa Bocrouno-EBpomneiickoii paBHUHBI
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KOMITOHEHTaMH, Hapsi/1y C JIUMOM, OpexoM, OyKoMm,
JyOOM U KJICHOM H JIp., ObUTH KUIIAPKC JIOX, CyMaX, BH-
HOTpaJi, MacIMHOBBIE. OTKPBITHIE IPOCTPAHCTBA OBUTH
3aHATHl KCEpO(UIEHON pacTUTENBHOCTBIO ¢ Mpeodiia-
JTaHUEM MapeBBIX, MOJIBIHN U 3HAUYUTEIbHON IPUMECHI0
3J71aKOB 1 Me30(MIIbHOTO pa3HoTpasbs. [9,14,15].

Tloxposckoe noxonooanue. B 6acceiine Bepxnero
JloHa TOKpOBCKOE IOXOJIOJIAaHHE COMPOBOXKIAIOCH
JNECCOHAKOIUICHHEM M 3HAYUTEIbHBIM YCHUIICHHEM
KPHOTEHHBIX IIPOLIECCOB, O YEM CBUIIETEIILCTBYIOT KIIH-
HOBHJHBIE CTPYKTYpHl B OCHOBaHHUH O0OPOBCKOTO
nécca, pacceKarollne 3aJleTalollyl0 HIDKe OallaloB-
ckyro mouBy (Tab6n.1). O cypoBocTH KinMmaTa CBHIE-
TEJILCTBYET TAK)Ke TOT (PaKT, YTO AaXe Ha KpaiiHEM 1ore

MOTJI BCTPEUYATHCSI OMOTOTIBI C Y9aCTHEM KPHO(PHUTOB.
B ITogmockoBbe B 3TO BpeMsl ObUIM pa3BUTHI Oepe3o-
Bble penKkojechbs. PacturenbHbli mokpoB Husknero
JoHa OBUT mpencTaBiicH TyHApO-iecocTensMu. B me-
PpUTISIIHATBHEIX JaHAmadTax Ha rore BocrouHo-EB-
porneiickoll paBHUHBI, HapsAy CO CTENHBIMU U Jiec-
HBIMH TIPE/ICTABUTEISIMH Maako(payHbl, CYIIECTBO-
BaJIM KPHOQUIBLHBIC apKTO - OOpeabHBIC AIIEMEHTHI C
y4acTHEM BHUJIOB, OOMTAIOIINX CeWdac B albIIMHUCKUX
(TYHIPOBO-BBICOKOTOPHBIX) NaHAmadrax [7,17].
Hnvunckoe spems. 11o KOMIUTEKCY JaHHBIX, MTOJTY-
4eHHBIX B OacceitHe JloHa, CIIOKHBIN B IMajeoreorpa-
(pUIEeCKOM OTHOIICHWH UTbUHCKULL MENIbIU UHMEPB8Al
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(~780-660 T.71.H., UKC 17), npuiueaiimii Ha CMeHY I10-
KPOBCKOMY IOXOJIOAHHIO, XapaKTEepU30BalCS HEOA-
HOKpAaTHBIMH KOJIeOaHHAMH JaHAa(THO-KIMMaTHYe-
CKHX YCIIOBHH, IPUBEIIINX K (HOPMHUPOBAHUIO TPEX all-
JIOBUAJBHBIX KOMIUICKCOB C PaHHETHPACIOJIbCKOH
MHUKPOTEpHO(AayHOH H TEIUIOMIOOMBHIMH MOJLTIOC-
KaMH, JIBYX, Pa3JeJCHHBIX JIECCOM TSDKEJIOCYTIIMHHU-
CTBIX MOYB (paHHE - MMO3IHEUIBUHCKOIT), KOoppenupye-
MBIX C JABYMsI ONTHMyMa PKAKCHHCKOTO MOYBEHHOTO
koMIutekca. OcoOeHHOCTH MOP(OJIOIHIYECKOro CTpoe-
HUS, (U3MKO-XMMHYECKHE CBOMCTBA MajeoloyuB yKa-

Tab6muma 2

3BIBAIOT Ha ONpENeNIEHHOE MX CXOJCTBO IPH HEKOTO-
poM ux paznmuuud. OHM TO3BOJISIOT HPEIIIOJIOKUTS,
49T0 (POpPMHUPOBAHHE MX MMPOUCXOIWIO Ha (hoHE mocTa-
TOYHOH TEIUIO-, BIaroo0ecreyeHHOCTH NIPH AaKTHBHOM
y9acTHH JepHOBOTO Tporecca (Tabmuma 2). loMuHH-
pylomyo poiab B (OPMHPOBAHMH PAHHEHIBHHCKOH
TIOYBBI, B YCIIOBHUSAX CMEHBI CTEITHBIX (DUTOLICHO30B JIe-
COCTEIHBIMH, WIpalli  I'yMYCOBO-aKKyMYJISITHBHBIC
MIPOLIECCHI, a B IO3JHEHJIBUHCKONW — HApsAy C TyMy-
COBO-aKKYMYJISITUBHBIMH, B JIECOCTEIHBIX JaHAmad-
Tax MMEJTd MECTO MPOILECChI teccuBaxa [1-3,7,14,15].

M3MmeHeHre 30HATBHBIX THUIIOB MAIEOTIOYB B HEOIDICHCTOICHOBHIX JaHAmadTax Bocrouno-EBpometickoii pas-

uuHbl (['mymmankosa, 2008)

Bo3spact [IneicToneHOBBIN MOY-
TBIC. JIET BEHHbIN nokpos. CoBpe-
(Bemuuko DIoXH NeaoreHesa MEHHBIE aHAJIOTH I1a- ManeomanamadTer HUKC
u 1p., JICOTIOYB M apeabl HX
2005) pacmnpoCTpaHeHus!
Mep3n0THO-TJIEEBEIE,
bpsHckuii HAaeBCKUW) | TYHIPOBO-TJIEEBBIC ep-
P (ny ) | TyBAp » JIP TyHApPOBBIC, OTKPHITHIC TIC-
~32-23 WHTEpCTaaual.  bpsHCKas | HOBO-MEP3JI0THO-TJIee- 3
PUTJIISIHATBHBIC
IIOYBa. BBIE.
IlenTpanpHas SkyTus.
N besnecHble ¢ TpaBsHUCTHIM
BepxHEBOIDKCKUIT ~ MHTEp- ..
~ 98 YepHO3EMOBHIHEIC MMOKPOBOM, XOJIOJIHbIE cTern- | 5h
cranuan. Kpyruikas mousa
HBIC U JICCOCTEITHBIC
JlroBucomm, Oypele eccH-
BHpOBaHHEIC, OyphIe Jec-
P » OYP JlecHsle  cy0606opeanbHOTO
MUKyIHHCKOE MEXKIICIHU- | HbIE IICEBAOTIICEBEIC, Yep-
~135-117 . mosica, JECOCTEHHbIE, Jy- | Se
KoBbe. CaJbIHCKas 1MoYBa HO3EMOBUIHBIC.
TOBO-CTEIIHEIC
HentpansHas u Cpensis
EBpona
TyHnapoBo-TieeBsie (Tee-
PomeHckoe  MEXIEOHHMKO- | 3MbI), MEp3JIOTHO-TIee-
~260 A ), P JlecHble, TYHIPOBBIC 7
Bbe. PoMeHcKas mouBa BBIE.
Cesep 3an. Cubupu
Ceprple JecHBblE, Oypble
JIECHBIE  JIECCUBHPOBAH-
HbIe, 4YepHO3EMOBHIHBIC, | JlecHbIE (IIUPOKOIMCTBEH-
KameHnckoe MexIIeTHUKO-
~330-290 BEIIIEIIOUEHHBIE  YEepHO- | HBIE Jeca), JecocTemHsble, | 9
Bbe. KameHckas mouBa ..
3EMBEI. CTCITHBIC
3anannas u LlenrpanbHas
EBpona
JlroBuCONH, TICEBIOTIIEH,
3JII0OBUAJIBHO-TJIEEBBIE, JlecHble (XBOMHO-IIMPOKO-
~ 410-390 JIuXBUHCKOE MEXIICTHUKO- | Oypble JIECHBIE JIECCHUBH- | JINCTBEHHBIC) CyOOOpeash- 11
Bbe. MIHKaBUHCKAs TOYBa poBaHHBIE, Oyphle Jiec- | HOTO MOfACA, JIECOCTEIHBIE,
HBIE, YePHO3EMOBH/IHBIE. | CTEIHBIE
3anannas EBpona
JlecHsle (UIIMPOKOJIMCTBEH-
Bypeie mecusle, Oypsle
HbIe Jieca ¢ CyOTpomude-
JIeCCHUBUPOBaHHE, OPIOHU-
~ 480 Myd4Kanckoe MexXJIeTHHUKO- SEMDI CKUMH 3JIEMEHTaMH), JIeCO- 15
Bbe. BopoHckas mousa . | cTemHBIE ¢  y4YacTKaMu
CeB. Amepuka, JlanbHuil N
XBOWHO-IIIAPOKOIUCTBEH-
Boctoxk
HBIX JIECOB
JlecHble (XBOWHO-ILIUPOKO-
WnpuHCKOE MEXIICAHUKO- | TEMHOIBETHBIC JIYTOBBIC, | TUCTBEHHBIC M  LIHPOKO-
~780-660 Bbe. PoxakcuHCKas mousa Oypble ecHbIe JHUCTBEHHBIE),  Jecocren- | 17-19
HBIC, CTCITHBIC
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B TenmoymepeHHOM KIMMaTe ONTUMYMOB HIIbHH-
CKOT'O MEXJICTHUKOBBSI IINPOKOE PA3BUTHE MOIYIHIN
CMEIIaHHbIC XBOWHO-IINPOKOINCTBECHHBIE U MINPOKO-
JIMCTBEHHBIC JIECa C yIaCTKaMH HEOT€HOBBIX PEIMKTOB.
PacturenbHbIN OKPOB B IEPUOA Pa3BUTHS PaHHEUIIb-
WHCKOH MTOYBBI XapaKTEPHU30BAJICA CMEHOH (UTOICHO-
30B CTENH — JIeCOCTeNH. JIOMUHUPYIOIIUM TUIIOM pac-
TUTEJIBHOCTH B IIEpUOA (POPMHUPOBAHHUS O3AHEHIIBHH-
CKOH MaseonoyBs! ObUIN JIECOCTENH: B PaHHIONO a3y C
npeo0byalaHieM OTKPBITHIX MPOCTPAHCTB U3 31aKOBO-
Pa3HOTPAaBHBIX M MapeBO IOJBIHHBIX COOOLIECTB M
yyacTKaMH 0epe30BO-EJI0BO-COCHOBBIX JIECOB, C peji-
Kol mpuMmechio nyba W HMBHAKOB. B mociemyromryro
(ha3y mecocTeny OTIMYAIHNCH MIMPOKUM Pa3BUTHEM, B
yCIOBUsIX 00JIEE TEIUIOTO W BJIAXKHOTO KJIMMATa, CMe-
IMIaHHBIX  €JI0BO-KEIPOBO-COCHOBO-ITMPOKOIHCTBEH-
HBIX (JIUTIOBO-BA30BO-Ay0OOBBIX) JIECOB C IPUMECHIO Oe-
PE3BI U COKpAIICHUEM POJIM MapeBO HOJIBIHHBIX CO00-
mectTs [6].

Lonckoe onedenenue. Temble 3M0XU NEpBOH MO-
JIOBHHBI PAaHHEro IUIEHCTOIIEHa CMEHSAIOTCS XOJIOTHON
3TO0XO0H, CONMPOBOXKIABIIEHCS MaKCHMAaJIBHBIM JOH-
ckuM onenenenueM (~ 660-610 t.1.1., UKC 16), B0o3-
pacT KOTOPOTO ONPEAETSIETCS MO HOIOKEHUIO MOPEHbI
B pa3pe3ax MEXIy CIOSIMH C HaXOAKAMH THPACIIOJb-
ckoif MukpoTteprodayssl. [IokpoBHBIH JIeTHUK OTPOM-
HBIM «SI3BIKOMY IMHPUHOH Oomee 400 KM mpoaBUTacs
o Oxcko-J{0HCKOH paBHHHE - 001aCTH HAHMOOJBIIETO
pa3Butus, toxHee 50°c.u. MoIHOCTH TPEXCIOHHOM
MOpEHBI, OCTaBJICHHOH JIeTHUKOM, B OacceitHax Bepx-
Hero JloHa (pa3pe3sl YpsiB, Koporosik, Kopocrenéso,
Mouwuceeso u n1p.), Bepxueit Oxu (pa3pe3s! 3aluiaTHHO,
[MaBnoBo u np.), Té€mm (paspe3 bepé3oBka), Bernyru
(pa3pe3 Kpacubie baku) xonebnercst B mpenenax 1,5-
16,4 m, uHorna nocturas 20 u 6onee meTpoB. Buzy-
JIFHO IIBETOBAsi raMMa e€ MeHsIeTCs OT TEMHO-CEpOii B
OCHOBAHHH TOJIIIH, YEPE3 KENTOBATO-CEPOBATO-0YpYIO
B CpelHEH 4acTH, 10 KPacHOBaTo-Oypoil B BEpXHEM
cioe. [IpenMyIiecTBEHHO B BEPXHEM CJIO€ COCPENIOTO-
YeH KPYMHOOOJIOMOYHBIN MaTepHal KPUCTAIUIMYECKUX
nopoa. B rpaHynomeTpndeckoM cocTaBe MeNKo3éMa
JIETHUKOBBIX OCAIKOB JOMHHHUPYET HeauToBas (pak-
1M, a alleBpUTOBast, ycTynas eif, cocrasisier 20-33%.
Bces Toma JOHCKOWM MOPEHBI XapaKTepu3yeTcs OTHO-
CUTEJIFHO OJIN3KMM XUMHYECKUM COCTaBOM C 3aMETHOMN
TEHJCHIEeH YBEIMYCHHUS COJEPXKAHUSA IOITYTOPHBIX
OKCHJIOB M IIEJIOYHBIX METAJIJIOB BHH3 IO paszpesy. B
pacrpesieleHuH YTIIEKUCIBIX COJeH MO TOJIIE SICHO
BBIDOKCHHBIX 3aKOHOMEPHOCTEH He HaOJIronaeTcs
[3,37,38,41].

3HAYUTENBHOE MOXOJOJaHHE B 3MOXY IOHCKOrO
OJIEICHEHHUS, BIIUSHHE KOTOPOTO MPOCIEKUBAETCA 10
HU30BHH JloHa, (UKCHpyeTCs B IKOJIOTHIECKOM 00-
JIKE MEJIKAX MIIEKOTIUTAIOIINX, TIPE/ICTABICHHBIX CYy0-
apkTrueckumu BumaMu: Lemmus ex gr. sibiricus, ko-
nbITHOTO JleMMuHTa Dicrostonyx sp. u ceBepo-cubup-
ckoii monésku  Microtus ex gr. Hiperboreus,
apxaumyHOW  y3KouepemHod — monésku  Microtus
(Stenocranius) gregaloides. B pactuteapHOM MOKpPOBE
B JenHUKOBbe Ha OKCKO-J[OHCKOI paBHUHE JNOMMHU-
pOBaIM MEPUITISALUANBHBIE CTEIH C TOCIOACTBOM OCO-
KOBO-3JIaKOBBIX ¥  TIOJILIHHO-MapeBbIX COOOIIECTB
[1,7,24].

Myukanckoe  (pocrasibckoe, — 0en08edNcCcKoe)
MedxcieOHuKo8ve. BrIlie TOPU30HTA JTOHCKON MOPEHBI
U KOPPEJSATHOTO €M TOHCKOro jécca B pa3pe3ax Bepx-
rero Jlona (Kopocrenéro, YpriB, Mouceeso u 1p.) 3a-
JIETAET CII0KHO MOCTPOEHHAS Ma4Ka OTJIOXKEHUH, OTHO-
CUMasg K MYYKallCKOMY MEXJIeTHHKOBbI0 (~ 610-
535 .11, UKC 15), BblesieHHas HA OCHOBaHUH HAaXo0-
JIOK TIO3/THETHPACONbCKOH (hayHBI TPHI3YHOB B paspe-
3ax Bombnas Bepmmna, Koporosk-4, Kopocrenéso,
Ky3HnenoBka, noc. My4kanckuil u ap. u Koppeiaupye-
Masi ¢ OTJI0KeHUAMH paspe3a PepanHannys B [loabme
[39]. B xiimMaTH4eCKOM OTHOUIEHHH 3TO CYLIECTBEH-
HOE MOTEMIeHUe Ha Tepputopun Bocrouno-EBponeil-
CKOH paBHHHBI OTIIMYAJIOCH OT JIBYX IPEIIICCTBYOIINX
MEXIIEIHUKOBHN 3HAYNTEILHON BIIAr000ECIIEYEHHO-
CThI0. BHYTpH HEro BBIIENAIOTCS, IO KpalHEeH mepe,
JIBa XOPOIIO BBIPAXECHHBIX ONTHMYyMa, Pa3/IelICHHBIX
noxosioganueM. bomnpiiyto yacte Bocrouno-EBponeit-
CKOM paBHUHBI B 3TO BpeMs 3aHHMMaJla JIECHas 30Ha, B
cocTaBe KOTOPOM JOMHHUpPOBANU Jieca C Yy4acTHEM
TUTMOLIEHOBBIX PENUKTOB. B hayHax miekonurarommx
OTCYTCTBYIOT CyOapKTHYECKHE BHABI MEIKUX MJIEKO-
nuTaonmx. Bo Bcex alIIOBHAIBHBIX CBUTAaX Ha [OTe
Oxcko-/loHcKo# paBHUHHI (pa3pe3sl JKepaeBka, Bois-
Has Bepmmaa, Kysnenoska, Kopocrenéro-2), a Taxke
B OacceitHax Ockona u CeBepHoro [JoHIa ObutH 00HA-
PYXKEHBI  IIPOTPECCHBHBIE  KOPHE3yOble  IOJIEBKU
Mimomys intermedius Newton mpu oTcyTcTBHH IpYy-
THX APEBHUX KOPHE3yObIX monéBok. 1o cBoeMy 3kouto-
TMYECKOMY COCTaBy (payHbl COOTBETCTBYIOT TEILTBIM
YCIIOBHSAM MEXJICTHUKOBbS U XapaKTEPHU3YIOTCS pa3-
HOOOpa3ueM BHUIIOBOTO COCTaBa, MPUCYTCTBUEM 0OJIb-
IIOTO KOJINYECTBA HACEKOMOSIHBIX, 3aMETHBIM KOJIH-
4eCTBOM JIECHBIX TPBI3yHOB. Kpome Toro, Bo Becex co-
o01ecTBaX OTMEUEHbI BU/IbI CTEIHBIX OUOT: CYCIIHKH,
MECTPYLIKH, TylKaHuuku [1,2,7].

B paspesax Bepxnero Jlona (pa3pessr Kopocre-
n€Bo, YpeiB, MonceeBO U Jip.) B PaHHEIUICHCTOIICHO-
BOH JIECCOBO-TIOYBEHHON CEPUM MYYKAIICKOMY MEX-
JIETHUKOBBIO COOTBETCTBYET MOJIMTEHETHUECKUH BO-
POHCKHMH  TIEZJOKOMIUIEKC ¢  AByMs  (a3amu
ONITUMAJIBHOTO IToYB0OOpa3oBanus. Ilemorenes ux or-
JIUYalcs BBICOKOH HWHTEHCHUBHOCTBIO, O00YCIOBHBIIEH
00pa3oBaHHe MOIIHBIX, OTIMHEHHBIX MOYBEHHBIX 00-
pa3zoBaHuil. B paHHUI ONTUMYM B IOYBEHHOM IIOKPOBE
ABTOHOMHBIX JIaHAImadTOB Tpeodnaganu Oypble Jiec-
Hble, OPIOHM3EMBI U OJYTOBEJbIC CIUTHIE Pa3HOCTH
MOYB; B I0KHOU uacTH Bocrouno-EBponelickoil pas-
HUHBI — TI0YBBI KPACHOLIBETHOTO O0JIMKA, a Ha 3araie —
Oypo3émorofoOHbIe. Pa3BuTHE Maneornods MpoucXo-
JIUIIO MO/ IOKPOBOM MOJIMAOMUHAHTHBIX IUPOKOIUCT-
BEHHBIX JIECOB, IPOCTUPABIIUXCS K CEBEPY NMPUMEPHO
10 59°c.m1. v Kk 1ory 10 51° c.ur. B moqunHEHHBIX TaH -
madTax OCHOBHOH ()OH MMOYBEHHOT'O TIOKPOBA COCTaB-
JISUTA TEMHOIIBETHBIE THAPOMOP(HEIE Pa3HOCTH IOYB.
s hopMupoBaHKS ITOYB MO3THETO ONTUMYMa, COTO-
CTaBIISIEMBIX C YEPHO3EMOBHIHBIMH TOYBAMH, XapaK-
TEPHO COYETAHHWE TPOIECCOB T'yMYCOHAKOIICHHMS,
OTJICCHUS] M CIa0bIX NPU3HAKOB MJUTIOBUMPOBAHUS Ha
(one 3HauMTeNBHON pyOedukanuu. B 10xKHBIX paiio-
Hax BocTouno-EBponeiickoii paBHUHBI pEKOHCTPYHPY-
eTcs JIeCOCTeNb U CTeNb. B MHTepBazax Mex1y ONTH-
MyMaMH paccelisiiach OopealibHasi pacTUTENBHOCTb C
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JMOMUHHPYIOIUMHA B OTACIBHBIC ATambl 3a00J0YeH-
HBIMM  €JIOBBIMH M €JIOBO-COCHOBBIMH  JIECAMU
[14,15,17].

Oxckoe oneoenenue. PaHHUMN TUIEHCTOIIEH B COOT-
BETCTBHUH C PErHOHAIBHOI XpOHOCTpaTHrpaduIecKoit
CXEMOM LEHTPAJbHBIX PAaHOHOB 3aBEPIIAET OKCKOE
OJIEICHEHHE, COMOCTaBIAEMOE ¢ MbCTepcKkuM B Cpen-
Heit EBpome (536-455 teic. ner Hazan, UKC 12)
(Tabn.1). JlenHUKOBBIC OTIOXKEHHUS OypOBaTO-CEpPOM
OKpacKH 4acTo UMEIOT (hparMeHTapHOE pacpocTpaHe-
HHe, Oyy4n YHHUYTO)KEHHBIMHU 3K3apallMOHHBIMHU TIPO-
LeccaMu MocieIyoIuX JIEAHUKOB. Bonpoc o nonoxe-
HHUH TPaHUIBI PACIIPOCTPAHECHHUS JIEAHUKA JI0 CHX TIOP
BBI3BIBaeT Auckyccud [13,29]. B oTHOCHTENNEHO HEaB-
Hee BpeMs, B pe3ylibTaTe M3y4deHus pa3pe3a Macrtio-
JKeHKa B OacceifHe p. Mkoperny 6mm3 Homoxomépcka,
BBIIIIC OTJIOXCHUH MYYKAINCKOTO MEXKIICTHUKOBBS
OBLTH BBIZICIIEHBI JOOKCKUE OTIOXKEHHUS, BKITFOYAIOIINE
KOCTHBIE OCTaTKH ApeBHeitmmx Arvicola mosbachensis
Schm. DponronnoHHBIT ypOBEHb MOJEBOK COOTBET-
CTBYET 3aKJIIOYUTEIHHOMY 3Tally KPOMEPCKOIo Bpe-
menu. CocraB (hayHbl MJICKOIHMTAOLINX, BUIOBOH CO-
CTaB PENTUIMHA U NTHUI[ CBUAETEILCTBYET O TEIIOM U
YMEpPEHHO-BIQ)KHOM  KJIMMaTe  MEKJICTHUKOBBS,
Ha3BanHoro wukopenkum (MKC 13). K coxanenuto,
MOKa OTCYTCTBYET ACTabHAS MMATHHOJIOTHYECKAs U T1a-
JICOMEIOJIOTHYECKAsT ~ XapaKTEePHUCTHKA  OTIIOKCHHUU
9TOT0 MEKICTHUKOBBS, YTO JITaeT HEBO3MOXHEBIM €ro
COIIOCTaBJICHUE C APYTUMH TEIUBIMA 310XaMu. B ma-
JIMHOCIIEKTPax OTJIOKEHUN, OTHECEHHBIX K Mpeslle-
CTBYIOIIIEMY XOJIOZTHOMY HaBJIMHCKOMY TOPHU30HTY, J10
60% cocraBisieT HelpeBeCcHas MbLILIA, B KOTOPOH Mpe-
obnanarot nedenossie (10 30%) u mosbiEb (10 40%).
Cpenu MmukpoTteprodayHbl mpucyTcTByroT Dicrostonyx
sp. u Lemmus lemmus [22].

CornacHO MmocIeTHIM JaHHBIM, OKCKOE (3IbCTep-
CKO€) OJIeICHCHNE OBUIO 3HAYMTEIFHO MEHBIIE TpeN-
IIECTBYIOIIET0 JOHCKOro. HecMoTpsi Ha ero orpanu-
YEHHBIE pa3Mephl, B IMEePUIIBIIHAIGHBIX perHoHax Bo-
cTtouHo-EBpomneiickoil paBHUHBI PEKOHCTPYHPYIOTCS
CypoBbIe NaHIMa(THO-KIMMATHIECKUE YCIIOBHS, KO-
topeie E. H. AnanoBa [6] xapaKkTepu3yeT Kak «CoBep-
IIEHHO OCOOBIi, B OCHOBHOM 0e3iecHblit Janamadr, B
KOTOPOM, MOXKET OBITh B HETIOCPEACTBEHHOM OJIM30CTH,
MPOM3PACTalId NPEACTAaBUTENIN CYXHMX CTelmedl u
TyHAp». O MepUrIIIuaNbHBIX JaHAMAPTaX OKCKOTO
BPEMEHU CBHJIETEIBCTBYET ILIMPOKOE PACHpPOCTpaHe-
Hue Ha BocrouHo-EBpomnelickoil paBHHHE KONBITHOTO
1 OOBIKHOBEHHOTO JIEMMUHTa, apeajbl KOTOPBIX CITycC-
KaJuch Ha tor 10 50-55° c.ur. [24,34].

CPEJIHUI1 HEOIUIEMCTOLIEH

B nocneanune roap! nosisisiercst BCE GoJblIe qaH-
HBIX, CBUJETEIBCTBYIOIINX O CI0KHOU MEePHOAN3AIIUI
najeoreorpaduIeckux COOBITHIA B CpeTHEM HEOTUICH-
cTOoIleHe. PasHormacust CymiecTBYIOT OTHOCHTENBHO
KaK KPYITHBIX JIGTHUKOBBIX 3TAllOB, TaK KOJMYECTBA U
paHra TEIIbIX HHTEPBAJIOB.

Jluxeunckoe mexcneonuxosve. Hactynusinee mo-
CJIe OKCKOTO OJIEZICHEHHSI INXBUHCKOE MEXKJICAHUKOBBE
(~ 455-360 t.1.H., UKC 11), xoppenupyemoe ¢ Mex-
JIEIHUKOBbEM TOJIbIITeHH 3amannoit EBpomsbl, sBiis-
eTcsl OZIHUM U3 HauboJjee 3HaYMTENbHBIX MOTETUICHUH
cpenHero HeormeiicroneHa. IIpuHannexxHOCTh ero k

MEepBOM TIOJIOBMHE CPEJHETO HEOIUIEUCTOLIeHA MO-
TBEPXKIACTCS HaxXoAKaMH (ayHbl M3 JHXBHHCKOTO
cTparotuna y r. YekanawH, B KOTOPBIX HNPUCYTCTBYET
apxamanast Arvicola mosbachensis Schmidtgen, cme-
uuBmas Mimomis intermedius Newton [29]. Bosxbrieit
JaCTH MEXJICTHUKOBBS OBLIN CBOWCTBEHHBI 00JIEE MAT-
KM€ KJIINMaTU4YEeCKHE YCIOBHS, YeM B My4KalCKOe MEX-
JIETHUKOBBE, KOTOPBIE OJIarONPUSITCTBOBAIIN PAa3BUTHIO
TEIUION00UBOM PACTUTEIBHOCTH C IPEACTaBUTEISIMU B
JlecaX PEMKTOBOM HEOTreHOBOW (IOPHI, IIUPOKOMY
pa3BUTHIO JiecocTenedd u creneit (tabmuua 2). Pactu-
TEJIBHOCTh TYHAPOBOTO THUIIA OTCYTCTBOBaja JaXke Ha
KpaiiHeM ceBepe BocTtouHo-EBpomnelickoll paBHUHBI
[18].

@DopmupoBaHUE MHKABUHCKOTO NETOKOMITIEKCa,
JIMXBUHCKUH BO3PACT KOTOPOTO ONPEAEINISETC MUKPO-
TeproayHOll CHHIMIBCKOTO KOMIUIEKCA, HPOUCXO-
IO B YCIIOBUSIX JIECHOM 30HBI CyOOOpeasbHOro mMmo-
sca. [llupokoe pacnpocTpaHeHHE B IOYBEHHOM IIO-
KpOBE HUMENM IOYBBI C TEHETHYECKHM IPOQUIIEM,
i hepeHIMPOBaHHBIM IO INMIOBUAILHO-MILTFOBHAb-
HOMY THITy C IPU3HAKaMH ITOBEPXHOCTHOTO OTJICCHUS.
Beayuryto posib B X (JOpMUPOBAHUH UTPAIIH JIECCHBAXK
1 3JTIOBHAIBHO-TIIEEBBIC ITpouecchl. bianskumu coBpe-
MEHHBIMH aHAJIOTaMH MOTJIH OBITh JFOBUCOJIH, IICEBJIO-
TJIEW WU 3JIIOBUAIBHO-TJICEBBIE MOYBHI, IIUPOKO pac-
NpocTpaHEHHbIE B HacToslee BpeMs B 3amagHoi EB-
porie (B codeTaHWU C OYpBIMH JICCHBIMH M OypBIMH
JICCCHBUPOBAaHHBIME TouBaMu). FOxkHee 52° c.m., B
MIOYBEHHOM ITOKPOBE JIECOCTENHBIX JIaHAIAPTOB Ipe-
obmagamu  TeKCTypHO-Iu(GepeHIMPOBAaHHbIC OIJIH-
HEHHBIE TI0YBHI C NPU3HAKaMH JIECCHBaXka, IPEBHHE
aHaJIOTU OYpBIX JIECHBIX JIECCUBUPOBAHHBIX, BBILIEIIO-
YeHHBIX YepHOo3eMoB. Ha rpanurie necocrenu u cTenu
B NTOYBEHHOM ITOKPOBE JOMHHHUPOBAIM TOYBHI, OJIU3-
KH€ COBPEMEHHBIM 4YepHo3éMamM. FOskHast rpaHuna je-
COCTEIIH B 3110XY (DOPMHUPOBAHHNS HHKaBUHCKON MOYBBI
MIPUMEPHO COBIAjiaja ¢ €€ COBPEMEHHBIM IT0JI0KEHHEM
[14,15].

JIMXBUHCKO-JHEIMTPOBCKUE TEIUIBIE U
XOJIOAHBIE OTAIIBI.

Ilepexox OT TMXBHHCKOTO MEXJIETHUKOBbS K IO-
CIEYIOIIeH JHEMPOBCKOM (MOCKOBCKOM) JIETHUKOBOM
snoxe Ha BocrouHo-EBpomneiickoil paBHUHE XapakTe-
PpHU30BAJICSl YEpEOBAHNUEM IOXOJIOAHMH W IIOTerIe-
HU Ha MPOTSHKEHUHM JuuTenbHoro srama (~ 340-
200 1.1.H.).

Onoxa ranyscckoeo onedenenus (360-340 Thic.
ner Hazax, MKC 10) Hayanach ¢ aTana, KOTOpBIH NpH-
BEJ K Pa3BUTHUIO MEJIKO MTOJIMTOHATIBHOTO PACTPECKUBa-
HUSI, CBHJICTENBCTBYIOIETO 00 YCHJICHMM KOHTHHEH-
TaJIbHOCTU KJIMMAaTa, a BO3MOXHO, €r0 apuau3allu Ha
3aBEPINAIOIINX CTaAUAX JHMXBHHCKOTO MEXKJIETHHKO-
Bb4. JINTONOTHYECKUE W MAIMHOJIOTHYECKUE JaHHBIE
YKa3bIBAaIOT HA CYIIECTBOBAHHUE B 3TO BPEMS JICTHUKO-
BOTO NOKpOBa. MOpeHa KalTy>KCKOTO OJIEZICHEHHUS pac-
NIPOCTPaHsIIaCh Ha CEBEPHYIO YacTh TBepckoi u Spo-
ClTaBCKO# obnacteil. B Hambonee xonoxnsie (as3pl Ha
teppuropun Bepxuel Oxu u Bepxuero Jlona rocnoj-
CTBOBAJIM JIaHAMA(TH NEPUIIIAIHATBHON TYHIPBI, Je-
COTYHJpHI, TYHAPO-JIECOCTENEed M TYHAPO-CTEMNeH.
[punenHukoBble paiioHBl OBLIM apeHOM pacceleHus
OopeasbHO-JIECHBIX PACTEHUH, KpHO - U Kcepo(duTos. B
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F0’KHOW 4acTH BHENEIHUKOBOM 30HBI BoctouHo-EBpo-
MEeWCKOW paBHUHBI B 3TO BpeMsI JOMUHUPOBAIN JIaH/-
mraTeI TecocTenei u cremnei [7].

Kamencroe medxcreonuxosve. Kamyxckoe oneme-
HEHHE CMEHWJIOCh KAMEHCKOW MEXIIEIHUKOBOM 3IO0-
xoit (~ 340-280 t.1.5. UKC 9), ycrymaromieit npenie-
CTBYIOILIEMY JINXBUHCKOMY MEXJICHUKOBBIO IO TETl-
J000€CTIeYeHHOCTH (tabm.1). B cocTase
JIeHaApo(IIOpsl, O CPaBHEHUIO ¢ (hiopamMH NpeabLry-
IIUX MEXKJIECAHUKOBUHM, PE3KO COKPaTHIOCh ydacThe
TUTMOLICHOBBIX PEIMKTOB. Ha MpoTsHKeHnHn MexiIeHuU-
KOBbs C(hOpMHUPOBAJICS TOYBEHHBII TOKPOB, TIPEJICTAB-
JIEHHBIH B pa3pe3ax FOPU30HTOM IOJUTE€HETUYECKOU
KaMEHCKOW ITOYBBI, COJACPKAIINN MHUKpOTepHodayHy
Xa3apCKOT0 KOMIUIEKCa, BKIIOYAIOMIEH OCTATKH JIary-
pHUI ¢ AOMUHHPYIOIINUMH «JIarypyCHBIMID» MOPGOTH-
nmamu 3y0oB. Ha ceBepe Bocrouno-EBpomnetickoii pas-
HUHBI B IOYBEHHOM IIOKPOBE IOMHHHAPOBAJIH MTOYBHI —
JIPEBHUE AaHAJIOTH COBPEMEHHBIX JIEPHOBO-TIOA30JIH-
CTBIX, CEpPBIX JIECHBIX M0YB. Beaymryto pons B ux ¢op-
MHUPOBaHUU WIpaj KOMIUIEKC 3TIOBHATIBHO-WIUIIOBH-
AJBHBIX IPOIECCOB, K KOTOPOMY F0’KHEE IPUCOEANHU-
JOCh OrJMHHMBaHHE N SitU M TyMYyCOHaKOIUICHHE.
OcHOBHOM ()OH NMOYBEHHOTO MOKPOBa B JAHAMIAPTAX
OacceitHoB Bepxnero m Cpenmuero [ona, Cpemneit
Bonru, Huxneit Kambl coctaBisiiy noYBEI BO3MOKHBIE
AHAJIOTH COBPEMEHHBIX CEPBIX JIECHBIX, OyPBIX JIECHBIX
JIECCUBHPOBAHHBIX, YCPHO3EMOBHHBIX MOYB JIyTOBBIX
CTEIeH, BBIIEIOUYEHHBIX YepHO3EMOB. Ha mpoTskeHnn
BCETr0 MEXIIEITHUKOBBSl (DOPMHUPOBAHUE MOYBEHHOTO
nmokpoBa B OacceiiHe Bepxueit Oku mpoucXoauio B
YCIIOBHSIX JICCHBIX JTaHAIIa(TOB, B Oacceitne Bepxuero
JoHa B nanmmadrax JiecocTeny Ha paHHEH CTaauu
Pa3BUTHA, a Ha MOCIEAYIOMIEH — IO pa3HOTPaBHO-371a-
KOBBIMU cTersimu [4,18,24].

Ha mocraroyHo XOJIOZHBIE YCIIOBHSI ITOCIETYIO-
IIEro najeoreorpaduueckoro sTamna, CompoBOXKIABIIE-
TOCsl HAaKOIUICHHEM OPYMKCOro JIécca, yKa3bIBaroT Ia-
JIMHOJIOTUYECKHE TaHHBIE, CBU/IETENbCTBYIOIINE O TOC-
TOZICTBE B CEBEPHBIX JIEAHUKOBO-TIEPUTIIALNATIBHBIX
naramagdTax BocrouHo-EBporelickoil paBHUHBI IepH-
[ILMAIbHBIX TYHAP, JECOTYHIp U creneil. diopa no-
MuHHpoBaBIIed Ha Bepxneit Oke mepurisiuaIbHOMI
JICCOTYHAPHI ObLTa OJU3Ka (IIOpe MPEINICCTBYIOIIETO
MOXOJIOAAHUS, OTJINYAACh OT HETO MEHBIINM Pa3HOO00-
pasuem kpuoputos [29].

Pomenckoe meosicneonukosve. B mocie 1HIOO
30Xy CcpeaHeruieiicTorenoBoro mnorerienus: (~260-
220 1.1.H., UKC 7), npeamniecTByromei JHEMPOBCKOMY
OJIEICHEHHUIO, B TIOYBEHHOM IOKPOBE HCCIIEAYEMOMN
TEepPUTOPUH (POPMHUPOBAINCH TOYBBI C MOHOJHMTHBIM,
cnabomuddepenumpoBannsiM npoduiem (Al-C; Al-
Bt-BCa) 0e3 npu3HakoB WUTIOBUUPOBAHHS MaTepHUala,
B Pa3JIMYHON CTETICHU OTJIECHHBIE M KPUOTYypOHPOBaH-
Hble. [laneonoysa 3aneraer B MOAOIIBE JHEITPOBCKOTO
nécca u B pa3pesax Bepxuero [lona, Hiwxneit Kamsol u,
KaK MpaBWIIo, CONMMKeHa ¢ Ooyiee TPEeBHUMH MTOYBAMHU.
B onopnbIx paspesax 6acceitnoB Ceiima, Cypsl (paspes
Yupkoso) u Hiwkueit Kamsl (pa3pesst KomunrepH, Paz-
nonbHbIM, TaTapckas Ynimima u i1p.) oHa o0Opa3syer ca-
MOCTOSITENIBbHBIN CTpaTUrpaduuecKuii TOpU30HT, OTAE-
JSISICh OT HYDKEJIE)KAIel KaMEHCKOH MOUBBI CJI0eM JIEc-
copugHoro cyrmmHka (0,6-0,7M), B 3HAYUTEIHHOU

CTETIEHU U3MEHEHHOTO TIeIOTEHHBIMHU TTpoueccaMu. I1o
CpaBHEHHIO C 0oyee IPEBHUMH CpPEIHETIEHCTONIEHO-
BBIMHU TIOYBaMHM, OHH MEHEE YETKO XapaKTepH3YIOTcs,
KaK B TCHETHUYECKOM, TaK M B KIIMMaTOCTpaTHrpadude-
CKOM IutaHe. HekoTopele nceiaeqoBaTeny BIICIIIOT HX
KaK caMOCTOsITelNbHOE oOpa3oBaHWE, NpHIaBas WM
MEXJIeIHUKOBBIN paHr [7,8,14,22], apyrue TpaxkTyoT
X KaK MeXcTajuanbHoe oOpasoBanme [8-10,19,28].
IIpocTpaHcTBEeHHAss HEOJHOPOJHOCTh ITOYB MEHEE OT-
YETJIMBO BHIPa)KEHA II0 CPABHEHMIO C TOYBaMH Oosee
JPEBHUX CPEIHEHEOIUICHCTOIIEHOBBIX 3M0X. MOXHO
MIPET0I0XKUTh, YTO U3MEHEHHE UX CBA3aHO HE CO CMe-
HOH XapakTepa II04B000pa3oBaHus, a C YCIOBUSIMH Ce-
OUMEHTaMA Menko3éMma u aedopManuu TpoQrs
KpHOTCHHOW mpuposl. B ceBepHBIX pa3pe3ax OKCKO-
JloHCKOI paBHUHBI IOYBA CUJILHO HapyIlI€Ha U Ha ’TOM
YPOBHE BBIAETAETCS OTJIEEHHOE, KPHOTYpOUPOBaHHOE
oOpa3oBanme co cadoif COXpaHHOCTHIO Mpodisi. Bos-
MOJKHO, 3TO CBA3aHO C aKTMBHBIM IOCJIEAYIOIIHUM BO3-
JCUCTBUEM Ha MPOQUIb MOYBBI SK30TCHHBIX IPOLEC-
COB B IIEpUTJIIIMAIBHON 30HE JTHETIPOBCKOTO OJICACHE-
HUsl. BONM3M BepXHEro KOHTaKTa POMEHCKOH ITOYBBI
B.I1. HeuaeBbiM ObuTH OmucaHbl (peCTOHYATHIE KPUO-
TeHHbIE Ae(OpMaIiH, aHAJIOTUIHBIE CXOIHBIM 00pa3o-
BaHMAM B COBPEMEHHOM JESTEIBHOM CIJIO€ Ha 3amane
noxyocTpoBa SIman. MoXHO HPENNOI0XKHUTb, YTO CO-
BpPEMEHHBIE aHAJIOTY TYHAPOBO-TIIEEBBIX I0YB (TIee3é-
MOB) 3aKITIOYUTEIFHOM 3MOXH CpeIHEHEOIUIEHCTOIe-
HOBOTO TIEJIOT€HE3a HaxoAATcs B JaHAmadpTax 3a-
nagHo-Cubupckoi TyHapsl [26].

Yérkue Mop(oTUIIMIECKHE ITPU3HAKH POMEHCKOMH
MOYBBl YCTAaHOBJECHBI B IOYBEHHOM IIOKPOBE IOXKHOI
110J10BUHBI BocTOUHO-EBpONECKOM paBHUHBL, T OHA
TpeJICTaBlIeHa SIPKO Oypoill WM KpacHOBAaTO-Oypoi
TOJIIEH ¢ KPOTOBUHAMHU M KapOOHATHBIM TOPU30HTOM
B OCHOBaHWH. B Heil BBIsIBIEHBI MUKpOMOp(doIornye-
CKHe TPM3HAKH MPOLIECCOB OMNIMHUBAHMA iN Situ, 6e3
NIepeMeIIeHHs POIyKTOB MOYBOOOPA30BaHUS MO IPO-
¢wmmo. Ha 1oro-3amazie paBHHHBI UM CBOMCTBEHHA 3Ha-
YHUTENIbHAsl BBIBETPEIIOCTh MUHEPAIBHONW MacChl, OTJIH-
HUBaHUE, aKKyMYJISIMS YTIICKUCIIBIX COJEH, BHICOKas
OuoreHHass aKTMBHOCTh Ha ()OoHe caboro rymycoHa-
KorieHus. beaHas mo coctaBy xa3apckasi MUKPOTEPHO-
(ayHa, u3BJIEUYEHHAs] U3 KPOTOBUHHOI'O TOPU30HTA PO-
MEHCKOM 1T0uBHI B paspese [Ipuiyku, ykasbBaeT Ha cy-
mectBoBanne B gonmHe p. Cymsl, Bo  Bpems
(OpMHpPOBaHUS TIOYBEHHOTO TIIOKPOBA, OTKPBITHIX
naaamadros. CorllacHO MaNIMHOIOTHYECKUM JaHHBIM,
00J1eCEHHOCTB TaHAMAa(TOB LEHTPAIBHBIX U 3aITaIHBIX
peruoHoB BocrouHo-EBponeiickoli paBHUHBI B 3IOXY
(OpMHPOBaHUSI POMEHCKON MOYBBI ObLIa 3HAYMTEIb-
HOW. B cpenneit monoce Bocrouno-EBponeiickoit pas-
HUHBI COJEPKAHNE MBIl IHPOKOIUCTBEHHBIX MO-
pox B maneomnoyBe He mpesbimaer 20-25% (B apyrux
MEXJIETHUKOBBSX OHO jJocturaet 60-80%), uTo cBue-
TEJIECTBYET O KJIMMAaTe JIUIIbF HEMHOTO TEIUIee COBpe-
MenHoro [33].

Ilnenposcroe onedenenue. JIHETIPOBCKAs JICTHU-
koBas smoxa (~ 200-130 T.1.H., UKC 6) O6buta Makcu-
MaJbHOM B cpeiHeM HeorulelicToriene. OHa aHaNnoru3u-
pyerces ¢ 3aanbckoil anoxoii B LlentpansHoii EBpone. B
MaKCUMAaJIbHYIO0 CTaJUI0 Pa3BUTUS JIEAHUKOBBIA MO-
KpOB 3aHMMaJl OOLIMPHBIE TUIOIAAN B CEBEPHON YacTh
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BocTouno-EBporneiickoii paBHUHBI, IPOHUKAA 10 J0-
nmuHe JlHempa Ha tor 0 ycthsa p. Opemu [8]. Pannue
KpPHOTEHHBIE Je(OopMaIiiil JTHEIPOBCKON JIETHIKOBOM
SMOXH OTMEYAIOTCS B POMEHCKOH mouBe. B Hambomee
MOJIHBIX pa3pe3ax, OCTaBJICHHAs JIEAHUKOM KpacHO-
BAaTO-KOPUYHEBAsE MOpPEHA IOCTUIAeT MOLIHOCTH He-
CKOJIBKUX JIECSITKOB METPOB. B JIETHMKOBYIO 3MOXY
nanamadTel Bepxueir Bonru npencrasisiu coboii me-
PUTISIIUANBHBIE TYHAPH U JIECOTYHAPHL. 3HAUUTENb-
HBIC U3MCHCHHUS HAOJIOMAIOTCS B BUIOBOM COCTAaBE U
PachIpoCTpaHEHUH MEJNKUX MIIEKONUTAIOUINX, OTHe-
CCHHBIX K Xa3apCKOMY (DayHHCTHUCCKOMY KOMILICKCY.
B psine mectonaxoxxnennit B 6acceiinax Ceiima, Okn,
Jecubl, Bonru 66u11 00HAPYXEHBI OCTaTKU THITHIHBIX
KUBOTHBIX CyOapKTHKH M MEPUTIIAIIUATBHBIX CTETIei:
Dicrostonyx simplicior, Lemmus sibiricus, Lagurus ex
gr. lagurus, Microtus gregalis [1,2,24].

BEPXHUI HEOILJIEMCTOLEH

DTOT 3Tan sABJIAETCS HauboJiee U3y4eHHBIM B HC-
TopuM Tnajeoreorpaduueckoro passutusi BocTtouHo-
EBpornelickoll paBHUHBL. TeMm He MeHee, OCTaETCsl MHO-
’KECTBO BOIIPOCOB OTHOCHUTEJIBHO XPOHOJIOTHUU U JIaHJI-
1a THO-KJIMMATHYECKUX OCOOCHHOCTEH TEIUIBIX M XO-
JIONHBIX 3TAllOB Pa3HOro0 paHra, PEKOHCTPYHPYEMBIX
Juist nocneanux ~ 130 teic. net. [Ipex e Bcero, oHU Ka-
CarOTCsl MHTEPBAJIa, OTBEUAroero nojacraausm 5d — 5a
M30TOMHO-KUCIOPOAHON HIKaIbl. DTOT HHTEPBAI OTJIU-
4aeTcsi CBOCOOPa3HBIMU KIIMMATHIECKUMH YCIIOBHAMU
- 4epelOBaHUEM 3HAYUTENBHBIX IMOXOJIOAAHUN, BO3-
MOXXHO, C pa3BUTHEM HEOOJBIINX MATEPUKOBBIX OJie-
JIeHeHUH, ¢ noremieHusmMu. [Ipu aTom Kumar B cpefi-
HHUX IOIMPOTaxX BCE 3TO BPEMs OCTABAJICS XOJIOJHEE CO-
BpPEMEHHOT0. BONBIIMHCTBO HCcenoBaTeae OTHOCUT
€ro K BIOPMCKO# (Ba1aiickoi, BUCIIMHCKOM) JIETHUKO-
BOM 3M0Xe, ¢ paHHe- U M03AHEBaNJaiiCKIMH MeracTa-
musivua (MKC 4 u 2), pa3nenéHHBIMA TIPOIOIKHUTEINb-
HBIM (0KO0IIO 25 THIC. JIeT) MeraurTepcraanaiom (MKC
3). HexoTopsle CUATAIOT BO3MOKHBIM BKIIFOUHTH €TO B
COCTaB MUKYJIMHCKOTO MEXJIeIHUKOBbs [20,27,30,33].

MaxkcumanbpHass MOITHOCTh U HanOoJee CII0KHOE
CTPOEHHUE MO3AHEHEOIUIEHCTOILICHOBBIX JIECCOB Xapak-
TEPHO JIs1 30Hbl ONTUMAaJIHLHOTO HAKOIUICHHUS WX B 3a-
nagHoil MU cpenHe yactu BoctouHo-EBpomneiickoit
PaBHUHBL. DTa 30HA BKJIIOYAET B ce0s TpU ypOBHS JI€cca
Y TPU YPOBHS MCKOMIAEMBIX MOYB, J[BA HIDKHUE U3 KO-
TOPBIX 00pa3yroT ME3UHCKHUNA NeroKoMIuteke. FOxuee
MOIIHOCTh  TO3/IHEHEOIIEHCTOLEHOBOW  JIECCOBOM
TOJILIM 3HAUUTENBHO COKpallaeTcs, YNPOIIAeTCs ee
ctpoenue. Mcxonms u3 crpaTurpaduyeckoro Imolroxe-
HUS, MOP(OTHITMYECKUX IMOKa3aTeNe pa3HOBO3PAaCT-
HBIX TI0YB, IIOATBEPKICHHBIX OHOCTpaTurpadpuye-
CKUMHU JAHHBIMHU, YCTaHOBJIEHO UX COOTBETCTBUE MHU-
KYJHHCKOMY (aeMckomy, PpHCC-BIOPMCKOMY,
CaHTaMOHCKOMY) MEXJICTHUKOBBIO, COMTOCTABIIEMOMY
¢ moaragueit Se craquu 5 UKC, a Taxxke, cyzs mo mo-
CJIeTHAM JaHHBIM, BO3MOXKHO, C HadajJoM IOACTaTUU
5d; mHTEpCcTaAMaNy Hayajia BaIAalCKON JIETHUKOBON
amoxu (BepxHEBOIDKCKHA, KpyTukuit, UKC 5b), xpo-
HOJIOTUYECKH COIOCTaBISIEMOMY C HHTEPCTaIUAIOM
Opépyn; nyHaeBCKOMY MHTEpcTaguaiy [32].

Muxkynuncxoe mesicneonuxosve. B onopHbIX pas-
pe3ax IPEeBHUX MEXKIYPEUHBIX MNPOCTPAHCTB MOYBBI
paHHEBAIJAHCKOTO HHTEPCTaAWIAa U MHUKYJIHHCKOTO

MEXXJICAHUKOBBS, KaK IPaBHUIIO, HAJOXKEHBI OJHA Ha
Ipyryto u 00paszytot MomHsi (1,0-3,95M), cioxHOIO-
CTPOEHHBIH ME3MHCKHUI MEIOKOMIUIEKC, HApYLIEHHBIN
negopmanusamMu Gassl «0» CMOJIEHCKOTO KPHOTEHHOTO
ropu3oHTa. OH 3aJIeTacT B OCHOBAaHUH TTO3AHEHEOIIIE-
JACTOLICHOBOM JIECCOBO-IIOUBEHHOM CEpUUM U HMEET
HauOONBIIYIO CTPaTUrpaUuecKylo BBIICPKAHHOCTh
0 TUIOLAJU CPEeau HEeOIUIEHCTOIEHOBBIX MouB. Tem-
JIblE 3MOXU MOYBOOOPAa30BaHMUS pas/ielieHbl EPUooM
MOXOJIOJAHUS, COIPOBOXKAABIINMCSA JIECCOHAKOILIE-
HueM (ceBckuii nécc momHocThiO 0,3-1,0M) 1 popmu-
poBanueM nedopmanuii Bassl «a» CMOJIEHCKOTO KPHO-
rerHoro ropm3oHTa( Tabmn.1). Crparurpaduyeckoe mo-
JIO)KEHHE TIEAOKOMIUIEKCA OMPENENACTCS Pa3BUTHEM
HIDKHEH (CaNbIHCKOH) IMOYBHI THOO HETIOCPEICTBEHHO
Ha JIEJHUKOBBIX OTJIOKCHHUSIX THETIPOBCKOTO BO3PACTa,
Kk mpuMepy B Oacceiine Bepxneit Oxu (JIuxBuHCKHH
paspes), 100 Ha MX BO3PACTHBIX aHANOrax — Jéccax u
NECCOBUAHBIX CYTIMHKaxX B pa3pesax Okcko-/loHCKOi
paBHuHHI (pa3pe3sl Koporosik, YpeiB, Kopocreneso u
1p.), IIpuBomKCKoi BO3BBIIIEHHOCTH (pa3pe3 UnpkoBo
u jip.), B 6acceiinax Cpenneit Bonru u Huxneit Kambr
(pa3pe3nt KomuntepH, Tatapckas Ywumima, Turansi,
PasnmonbHEI 1 Ap.).

OTCyTCTBHE COXPAHMBIIMXCS II0OYB MHUKYJIHH-
CKOTO MEXJIETHUKOBbS HE TTO3BOJMIIO PEKOHCTPYHPO-
BaTh CTPOCHUE MTOYBEHHOT'O TOKPOBA Ha CEBEPHOM Tep-
putopuu Bocrouno-EBponelickoil paBHuHBL. B TO Xe
Bpems maneoboTanmdyeckue nmaHeele B.II. [puayka
CBHUJIETENILCTBYIOT 00 OTCYTCTBHH TYHAPOBOW 30HBI U
MIMPOKOM pacHpocTpaHeHHH ceBepHee 60° c.mr. Oepe-
30BBIX U €JI0BBIX JIECOB C OOJIBIINM UJIM MEHBIIINM y4a-
crueM 1y0a, rpaba u Bsza. Ha teppuropun GacceitHoB
Bepxuero u Cpeanero lona, Cpenneit Bonru, Himk-
Hell Kambl B manamadrax MUKYJIHHCKOTO MEXJICIHU-
KOBBSI IIpeodaaio JecHoe cydobopeaabHOe TOYBO00-
pa3oBaHKe, TPU aKTHBHOM YYaCTHHU IPOIIECCOB JIECCH-
Baka, OIVIMHEHHs, IIOBEPXHOCTHOTO  OTJICCHHS.
OcHOBHOY (POH TIOYBEHHOTO TIOKPOBA B JIECHOH 30HE
COCTaBJISIIIM MOYBHI C TEKCTypHO-IU(pdhepeHnnpoBaH-
HeIM TipodmieM (A1-A2-Bi-C), BO3MOXKHBIE aHAIOTH
COBPEMEHHBIX JIFOBHCOJIEH, a Ha Ioro-3amazae — OypeIx
JIECHBIX JIECCUBHPOBAHHBIX, OYpPBIX JIECHBIX IICEBJIO-
TJIEeBBIX MOYB. B HacTosIee BpeMsi OHM COCTABISIOT
OCHOBHO# ()OH MOYBEHHOT'0 IIOKpOBa B LIeHTpaibHOit 1
Cpenneii EBporie. B necocrenupix manamadrax mod-
BEHHBIH TOKPOB OBUI TIpeJCTaBiIeH KOMOWHAIMSIMHU
MIOYB JTYrOBO-YEPHO3EMHOIO IeHe3Hca M 3alaJuHHBIX
TI0YB C Pe3KO0 A PepeHIUPOBAHHBIM I10 SJTIOBHAIBEHO-
WITIOBHANBHOMY THIy npodumiem. CremHast 30Ha C
YepHO3EMOBHIHEIMU TIOYBAMH 3aHUMaja IPOCTPaH-
CTBa Ha CaMOM IOre¢ paBHUHBL. B NOYBEHHOM MOKpOBE
MHUKYJTHHCKOTO MEXJICIHUKOBBST YETKO MPOSBISIETCS
IIMPOTHAS 30HABHOCTH. OOIIMH MIaH TOYBEHHBIX 30H
00Hapy>KUBAET CXOJCTBO C CYIIECTBYIOIIMMHU HBIHE 30-
Hamu. OCHOBHOE OTIIMYHE 3aKJIFOYAETCS B 3HAUUTEIb-
HOM PACIIUPEHUH 30HBI JIECHBIX II0YB, COKPAIICHUU
CTETTHOW 30HBI, CMEIICHNH K I0T'Y TPaHHUIIBI MEX Ty JIec-
HOW U JIECOCTEITHON 30HaMU.

Banoaiickoe onedenenue. IlocTeneHHO TEMIBINA
KJIMMAaT MUKYJIMHCKOTO MEXKJIETHUKOBbS CMEHHUIICS
paHHEBaJAlCKUM IOXOJIOJAaHUEM C MEpBOM emié He
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O4YCHb CYPOBOM BOJIHOM pPacHpOCTpaHEHHUS MEp3JOT-
HBIX IIPOIIECCOB, C BO3HHKHOBCHHEM MHOTOJIETHEH
MEP3JIOTHI HE TOJIBKO Ha CEBEPE, HO M B CPETHEN JacTH
Bocrouno-EBponeiickoli paBHUHBL. BHyTpu Banpaii-
CKOTO JICTHUKOBOTO KIMMaTHaeckoro nepuoxaa (70-10
T.JLH., UKC 4-2), xapakTepu3yromerocsi CMEHOH He-
CKOJIbKUX TOTEIUIEHUH M MOXO0JIOJaHUH, PEKOHCTPYH-
POBaHO BE MHTEPCTaJMaNbHBIE 3MOXU INEAOTreHe3a —
pauneBannaiickas kpyruikas (MKC 5b) u cpennesan-
naiickas Opsickas (MKC 3). XponocrpaTturpaduue-
CKO€ TOJIOKEHUE T0YB PaHHEBAJIAAWCKOro MHTEpCTa-
Juana (BepXHero wieHa ME3MHCKOro NMe0KOMILIEKCa),
MIOCJICIOBABIIETO BCIIE] 33 MHUKYJIMHCKHM MEXKIICTHH-
KOBBEM H KPaTKOBPEMEHHBIM (BHYTPHME3NHCKUM) TIO-
XOJIOJIJaHNEM, CBUJIETENBCTBYET O BpEMEHH UX (hopMHu-
POBaHMs, COBNAAAOIINM C NIEPHOAOM CMSTICHHS KIIH-
Mara, M0 TEPMUYECKHM II0KA3aTeIsAM YCTYIAIOIIETO
MHKYJIMHCKOMY MEXJIEAHUKOBBIO. K 3TOMY BpemeH-
HOMY MHTepBasy B npeznenax Cpenneir EBpomnsl 3apy-
OexXHbIE HCCIeOBaTeIM OTHOCAT (HOPMHpOBaHUE
BEPXHHX TYMYCHPOBAaHHBIX IOYB MOJUTCHETUYECKHUX
KOMILJICKCOB (QHAJIOTOB ME3MHCKOT0 KOMILIEKCa), 3aJ1e-
TaolX B OCHOBAaHMM BIOPMCKHUX (BHUCIMHCKHUX) JEc-
COB.

OcHOBHOH ()OH MOYBEHHOTO MOKPOBA B KPYTHUII-
KUl uHTEepcTaauan Ha Bocrouno-EBpomneiickoil pas-
HUHE, B 3HAYUTEIBHOW CTENEHM OTJIMYABLIMHCS OT
ME>KJICTHUKOBOTO, COCTABIISUIM MOYBHI, B (pOpMHUpOBa-
HUH KOTOPBIX JAOMHHHPYIOIIYIO POJb WIPald TyMy-
COBO-aKKYMYJIITHBHBIE Nporiecchl. OHU NPUBOAMIIHN K
00pa3oBaHUIO CBOCOOPA3HBIX MOYB YEPHO3EMHOTO Te-
He3uca B YCJIOBHUSIX OTKPBITHIX Oe3ecHbIX JaHamad-
TOB C TPAaBSHUCTHIM ITOKPOBOM, COCTOSIINM U3 pa3HO-
TPaBHO-3JIAKOBBIX ¥ MapeBO MOJIBIHHBIX TPYIITHPOBOK.
AHaJIOTH 3THX HOYB B COBPEMEHHOM ITOYBEHHOM IIO-
KpPOBE OTCYTCTBYIOT. BOJIBIIMHCTBO 3apyOeKHbBIX HC-
CJIe/IoBaTeNIe OTHOCAT MX K YepHO3EMaM, OJTHAKO OT-
CYTCTBHE B Ipoduiie KapOOHATHOTO WILTIOBHAILHOTO
rOpU30HTa NpOTHUBOpEUUT 3ToMY [35,36,40]. Kopennoe
OTJIMYHE 3TOU ITOXH 3aKIIF0YAIOCh HE TOJIBKO B OJIHO-
00pa3uy MOYBEHHOTO TIOKPOBa U 001eil BhIpaBHEHHO-
CTH NIPHUPOJHBIX YCIOBMH Ha 3HAYUTEIBHBIX ILIOIIA-
JI1X, HO U B IPUHLUIIUAJIBHO UHON 30HAIBLHOM CTPYK-
Type o CPaBHEHHIO c MUKYJTHHCKAM
MEXJIETHIKOBEEM U C COBPEMEHHOCTHIO. B 3T0 Bpems
OTCYTCTBYIOT IMIMPOTHBIE M3MEHEHUS 10YB, HabIroMa-
eTcsl Aerpasialys JIECHOHM 30HBI M OcialJIeHHE CTPYK-
TypBl IPUPOJAHON 30HATTBHOCTH.

Bcenen 3a ¢a3oif uHTEpCTagMANBEHOTO TIOYBOOOPA-
30BaHMs HACTyMaeT dM0Xa CPeAHEeBaNJaliCKoro moxo-
JOJAaHUs, CONPOBOXKJAABIIAACA JECCOHAKOIIICHHEM
(xoTbLIEBCKHIA J1€CC) B 0OCTAHOBKE JUINTEIBHOTO IOC-
MIOJICTBA XOJIOTHBIX THIIEP30HAIBHBIX YCIOBHH B MepH-
rsEanbHoi 30He. B untepBane 25-45 (50) T.uLH.
(ukcupyeTcs 3Tanm CMATYCHHMS KJIMMaTa C BHYTpPEH-
HUMH KoJeOaHuIMHU oT OoJiee TEIUIBIX K OoJiee XOIo -
HBIM YCIJIOBHSIM, KOTOPBIH B IIEJIOM PacCMaTpPHBAETCS
KakK CpelHeBallaiicKuii MeramHtepcraauan. B negHu-
KOBOI 00JIacTH OH BKJIIOYAET JyHAaeBCKWI MHTEpCTa-
quan — 25-31 T.1.H., a B NepUIISIUATEHO-IECCOBOH -
OpsIHCKHMIT MHTEpCTaMall, CONOCTAaBISIEMBIN C BEPXHEH
4acThl0  CPEAHEBAIANCKOTO  MEramHTepcTaguaa
(mo3nneii pazoit UKC 3), npeacraBieHHBIN OpsHCKOT

ucxonaemoul nousoi. CBO€OOpa3HbI TOYBEHHBIA TI0-
KpOB CpPEAHEBAIANCKOTO 3Tamna, AeTaIbHO U3YUEHHBIN
Ha Teppurtopmu OacceiiHoB Bepxuero m Cpemnero
Hona, Oxu, Cpenneit Bonru, Hmxaeit Kamsl, rae ypo-
BEHb OpPSHCKOW HMCKOMaeMOil MOYBHI, JHMATHOCTHPYE-
MBI Ha MOCJIEJHEN CTaAuM Pa3BUTHUSI KaK MEP3JIOTHO-
TJIEEBBIN, XOPOILIO MPOCIISKUBACTCA B IECCOBBIX pa3pe-
3ax yXe K 0Ty OT IPaHUIlbl BanJaiicKoro ojeieHeHHUs,
a TakXKe B IIpejiesiax JHEMPOBCKOTO M JOHCKOIO JISAHU-
KOBBIX $I3bIKOB. OH OTJIMYAETCS OT MEXJICAHUKOBOTO U
COBPEMEHHOIO IOYBEHHOIO IOKPOBa OTCYTCTBUEM
IIOYB, PAa3BUTHIX B HACTOSIEE BPeMs Ha TEPPUTOPUU
Bocrouno-EBponelickoll paBHHUHBI, APEBHUE aHAJIOTU
KOTOPBIX COCTaBJISUTH OCHOBHOHM (POH MOYBEHHBIX IO-
KpPOBOB B MHUKYJIHHCKOE MEXJICTHUKOBEE. OTCyTCTBHE
MIPSIMBIX aHAJOTOB CPEIX COBPEMEHHBIX I0YB, IPOTH-
BOPEUYHMBOCTH B COYCTAHHIH IPH3IHAKOB B CTPOCHHH IIPO-
¢uns OpsSHCKOW TOYBHI, CBOHCTBEHHBIX IITUPOKOMY
CIIEKTPY TUIOJIOTMYECKH PA3INUHBIX MOYB, IIEIOTCHE3
KOTOPBIX OIpeNeNnseTcss KOHTPACTHBIMH 3KOJIOTHYE-
CKUMH YCJOBUSMH, NPHUBEIN K Pa3IUIHOMY, YacTo
MIPOTHBOPEUNBOMY, TOJIKOBAHUIO MX TEHE3HUca, ycJo-
BUIl MX 00pa3oBaHUS M BO3PACTHBIX aHAIOrOB. Tak,
(GyIBBATHBIN COCTAaB TyMyca H YIPOIIEHHOE CTPOCHHE
MOJIEKYJI TYMUHOBBIX KHCIIOT, CBOMCTBEHHEIE paccMat-
puBaeMoii mouBe, XapaKTEePHBI I OPTaHUIECKOTO BeE-
IIeCcTBa IMIMPOKOTO Psa COBPEMEHHBIX MOYB OT TYHII-
POBBIX U JI0 ITyCTEIHHBIX CEPO3EMOB, a TAKKe TOA30ITH-
CTBIX TI0YB. Ho O0TCyTCTBHE B maneornoyse MPU3HAKOB
WUTIOBUUPOBAHUS UCKITIOYAET UX COMOCTaBJICHHUE C ITO-
cnegauMu. Hanuare B GONBIIMHCTBE CIy9YaeB XOPOIIO
oopMIIeHHOTO KapOOHATHOTO WILTIOBUAIILHOTO TOpH-
30HTa B Mpoduie ManaeonoyBsl NPUCYIIE TaKXKe Kak
CTETIHBIM, TaK U TaJEeBBIM MEP3IOTHBIM MouyBaM lleH-
TpanbHOU SKyTHM, TyroBO-J€CHBIM MouyBaM BocTtou-
Hoii Cnubupu. M3BeCTHO, 9YTO pa3BUTHE ITEPBBIX MPOHC-
XOIHT B YCIOBUAX CyOOOpeansHOro crmabo apumaHOTO
KJTUMAaTa ¢ XOPOIIO BBIPAKEHHOI Ce30HHON KOHTpAcT-
HOCTBIO, a (DOPMHUPOBAHKE BTOPHIX CBS3aHO C IKCTpPa-
KOHTHHCHTAJIBHBIMA ~ KPHOAPUIHBIMH  YCIIOBHSIMHU
[15,20]. [IpuHuMast BO BHUMaHUE CKa3aHHOE BBILIE, U
UCXOJ M3 TIONYYEHHBIX PEe3yJIbTaTOB, T'€HETHYEeCKas
OOIIIHOCTh TIOYB CpEeAHEBAJAiCKOro HMHTEepBaja Ha
tepputopuu 6acceiinoB Jlona, Oku, Cpenner Bonru,
Hwuxueit Kambl ycranoBieHa B Hamuuuu: 1) rymyco-
BOTO FOPU30HTA C (YIBBATHBIM THIIOM OPTaHWYECKOTO
BEIIECTBA — OTHOILEHHUE YIIepoa T'yMHHOBBIX KUCIOT
(Crk) k yrnepony ¢ynbBokucioT (Chx) xonednercs B
npexnenax 0,20-0,49; 2) wunoBHaIbHO-KapOOHATHOTO
TOPU30HTa B OCHOBaHWH NPOQUIIS U HUXKE — IPU3HAKOB
[JIEEBOr0 TOPU30HTA, HE BCETAa YETKO MPOSBIAIONIE-
rocsi; 3) yBenu4eHus MIMHUCTON (pakiyuy B npoduiie
moyB. B ¢opmMupoBaHNU MOYBEHHOTO IMOKPOBA AKTHB-
HO€ yJacTHe NPUHUMAJIH MPOIECCH OTHOCHUTEIHHOTO
TYMYCOHAKOIUIEHUSI, BHYTPHIIOYBEHHOTO BBIBETPHBA-
HUSl U HaKOIUIEHMsI YIJIEKUCIbIX cosied. Ilepeuncnen-
HBIE TTOKa3aTelu OOHApyKUBAIOTCS B IAJEBBIX MEp3-
JIOTHBIX TTOYBAX, PA3BUTHIX B COBPEMEHHOCTH Ha JiEc-
COBHJIHBIX KapOOHATHBIX CYTJIMHKaX B
SKCTPAaKOHTUHEHTANbHBIX, KPHOApUIHBIX paiioHax
Hentpansnoit Axytuu [15]. Coueranue psina mpusHa-
KOB YKa3bIBaeT Ha Pa3BUTHE I10YB B YCIOBUSIX IIPOBHUH-
LMAJIBHOTO N3MEHEHUs yBIIakHeHus. Crieruduaeckoi
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4epTON NPUPOAHBIX YCIOBHH 3TOM 3MOXHU SBISETCS
MOJHAs AETpafalus I0YB JECHOTO I'eHe3Huca Kak 30-
HAJIbHOTO DJIEMEHTA.

HccnenoBanus, mpoBeAEHHBIE B IOCIEIHEE
BpeMs B OaccelfHe JlecHBI, MO3BOJIIN YCTAHOBHTH B
yYKa3aHHOM BBIIIIE AUANIA30HE PAAHOYTIIEPOIHBIX JaTH-
POBOK He MeHee JByX (a3 menoreHesa, a B Oacceitne
Cpennero /loHa OHU MOATBEPAMIM UX Pa3HOBO3PACT-
HOCTb U BBLIBHJIM OOJiee paHHUE YPOBHH IEJIOTCHE3a B
unrepBane UKC 3. Mcxons u3 ckazaHHOTO, OpsTHCKUI
TOPHU30HT CIEAyeT pacCMaTpUBaTh KaK MHTErpaJbHBIN
YPOBEHb, OTPAXKAIOIIUI CIIOKHBIE COOBITHSI CpelHe-
BaJIIaliCKOro MHTEpCTaauana. bpsHckuil uHTEpBan 3a-
BEPIIAETCS PACIPOCTPAHEHHEM BOJIHBI KPHOTEHE3A, 3a-
(hMKCHPOBaHON B CTPYKTYpPE BIAIUMHPCKOTO KPUOTCH-
HOTO TOpHU30HTA, HAPYHIMBIIETO NAlEONOYBYy U
COBMAAIOWIEH, BEPOATHO, C HAYaIbHBIMU JTalaMH
MO3J€eBaNJaiickoro onefeHeHus. B 1o Bpems 3a mpe-
JienaMy JIeIHUKa pacrojarajgach oOIIMpHAas MepUriisi-
nuaipHas obxactb. Ha BomopasnenbHBIX NPOCTpaH-
CTBax B cy0a’pajbHOM 00CTaHOBKE IIIJI0 HHTEHCUBHOE
HaKoIUIeHHEe JEccoB. B MoiaMHAX peK MpOUCXOUIIO
(hopMHpOBaHUE TIEPUTIISIMATBHOTO AJTIOBHS, HAOIO-
JlaeTcsl AecTpyKUus necHoi 30Hbl. Hactymaet rocnoa-
CTBO OTKPBITBHIX MNEPHUTIIAIHUANBHBIX JIAHIMAPTOB CO
c1abo BRIpKEHHOM mMUpOoTHOU At dhepeHmanmei.

Tomma oTnoXeHWH, 3aneraromas Mexry OpsH-
CKOH W TOJIOLICHOBOH MMOYBaMH, HaOIromaeMasi B psje
OMOPHBIX Pa3pe30B, BKIIOYAECT JECHUHCKUI M alThI-
HOBCKUN TOPU30HTHI JIECCOB, PA3/ECICHHBIE YPOBHEM
c1aboro mo4BooOpa3oBaHUsI — TPyOUEBCKOW ITOYBOU.
Bpemst ux GopMUPOBaHUsI CONOCTABISAETCS CO CTa el
HKC 2. Ha cypoBble yCIOBHS 3TOTO BPEMEHH yKa3bl-
BAaIOT MOIIHBIE TICEBAOMOPGO3HI MO JEAIHBIM U JIBIO0-
TPYHTOBBIM JKMJIaM SIPOCTIABCKOI'0 KPHOTEHHOTO TOpH-
30HTa, OTPAXKAIOIIMX CYIIECTBOBAHUE KPHUOTEHHBIX
YCIOBHH, OMM3KMX K TeM, KOTOpBIE ceifyac rocmoa-
cTByIOT B BocTounoit Cubupu. K s3Tomy BpeMeHu mnpo-
M3011U1a Kap JUHAIbHAS IEPECTPOIKa B CTPYKTypeE MpHU-
POIHOM cpeJibl ¢ AbCOTIOTHBIM NpeodIIaiaHueM JEcco-
HakomneHus. IloBceMecTHOe pa3BUTHE MOIYYHIN
KPHOTEHHBIE IMOJUTOHAJIBHBIE CHCTEMBI, CIUIOUIb IO-
KpBIBaBIIME MEXIypedHble INpocTpaHcTBa. Kimmat
3TOTO JTaIa XapakTepU3yeTcs Kak SKCTpaapuIHbIH, Cy-
poBbrit [21].

@opMHpOBaHNE COBPEMEHHBIX JIAHAMIA(QTHBIX
30H Ha BocrouHo-EBponelickoil paBHHHE, HA4YaTOE IO
3aBEpIICHHUI0 TNOCIEJHEH JIEAHUKOBOW 3IMOXU, KaK U
BE€3/I€ B YMEPEHHBIX IIUPOTAX, OTHOCUTCS K TONOLECHY
— COBPEMEHHOMY MEXIIEAHUKOBbIO. OHO CBA3aHO C
KPYMHEHIINM KJINMAaTHYECKUM pYOeX oM, HMEBIIUM
MecTo okoino 10-12 t..H. B 3T0 Bpems, B cBsA3HU ¢ MO-
TEIUIEHHEM KJIMMAaTa, COKPaTHiIach WHTCHCHBHOCTH
TEOJOTMIECKUX W MEP3JOTHBIX IPOIECCOB, HAYaJIOCh
(hopMupOBaHHE COBPEMEHHOTO IOYBEHHOI'O ITOKPOBa
Ha (OHE CYIIECTBEHHBIX W3MEHEHHUH MPHUPOITHOM
CpeIsl: OT XOJNOAHBIX NEPHUIIIHANGHBIX YCIOBUI
MO3HEJIEAHUKOBBS, 10 YCIOBUH C BBICOKOHM TEILIO- U
BJIaroo0ecIeYeHHOCTHIO B CEpeInHE TOJIOLeHA (aTIaH-
THYECKOE BpeMs), M K 0ojiee HU3KOMY YPOBHIO TEPMO-
00EeCIIEYCHHOCTH COBPEMEHHOT0 JTama [S].

3AKJIIOYEHUE

O06001TIeHIEe MaTEPHUAIIOB JIETATBHOTO MCCIIEA0BA-
HUS psifia CTPATOTHIIMYECKHX U OIIOPHBIX Pa3pe30B He-
OIUIEHCTOLICHA B JIEAHNKOBBIX M IIEPUTILIINAIBHBIX 00-
JmacTaxX Ha Teppuropum OacceiiHoB [lHempa, loHa,
Bonru, ¢ npuMeHeHHEM KOMIUIEKCa METONOB YETBEP-
THYHOH TeoJIoTHH, TManeoreorpaduu, reHeTHYECKOTro
MTOYBOBEJICHHMS, TO3BOJIUIIO: 1) OIIGHUTH O0IIee CTpoe-
HHUE JIECCOBBIX IIOKPOBOB, IPEJCTABISIONINX JIOCTA-
TOYHO TOJIHYIO CTpaTHrpapuyecKyio KOJIOHKY, CBOW-
CTBEHHYIO HEOIUICHCTOICHY IEHTPAIBHBIX M BOCTOY-
HBIX PETHMOHOB PaBHHHBI; 2) NMPOBECTH PacUJICHEHHE
n€ccoBO-TIOYBCHHON  (popmarm; 3)  yCTaHOBHTH
HaJIe)KHBIE CTpaTUTpaUIecKie 1 BPEMEHHBIE PEIIEPHI,
OTpakaloIlye TI00aNbHBIC W3MEHEHHS Iaeoreorpa-
(udeckoif 00CTaHOBKH; 4) BBITOHUTH MEKPETHOHAIb-
HYI0 KOPPEJSIIUIO BBIJICICHHBIX TOPH30HTOB; 5) BOC-
CTaHOBUTH M OXapaKTepHU30BaTh OCHOBHBIE I1aJEOreO-
rpadudeckue coobiTus nocueauux 0,7-0,8 MiTH. et Ha
3HAUUTENBHON Teppuropuu Bocrouno-EBponeiickoii
PaBHUHBI, 6) MPOCIEAUTH CIOXKHYIO MOCIEI0BaTEIb-
HOCTb HaHL[IHa(i)THO-KHI/IMaTHIIeCKI/IX H3MEHEHU N
BHYTPH MEXJIEAHUKOBBIX 510X. Ilaneonenonoruue-
CKHE MaTepHaIbl 110 WIBHHCKOMY, MY4KaIlCKOMY, JIHX-
BUHCKOMY, KaMEHCKOMY, MHUKYJINHCKOMY MEXJICIHH-
KOBBSIM CBHIETEILCTBYIOT O CYIIECTBOBAaHWH BHYTPH
UX CTPYKTYpPBI HECKOJIBKUX (ha3 MeA0reHe3a, OTBEUAI0-
muX JIByM min Oomee ontuMymam. 7) BrriBiennas
CTPYKTYpa MPHUPOAHO-KIMMATHIECKUX COOBITHH B He-
OILICHCTOIICHOBO ucTOpuu OacceriHoB J{Hemnpa, /loHa,
Bonru mMoxer OBITH HCHOJIB30BaHA JUIS KOPPEISALUU
nangeoreorpaMuecKux COOBITHH, 3TaloOB OCAAKOHA-
KOIUICHUS U HO‘IBOO6pa3OBaHI/IH Ppa3IMYHbIX PETUOHOB
Boctounoii n 3ananHoi EBporsr.
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Tepeo JTwomuna Adamosna
HAYYHBIE COMPYOHUK

HAay4HO-npou3800cmeentoco ooveounenus "Tatigpyn"”, Obnunck, Poccus.

USING THE AHW MODEL FOR FORECASTING THE MOVEMENT OF TROPICAL

CYCLONES
HUCIIOJIb30OBAHUE MOJEJN AHW JJISI IPOTHO3A NEPEMEIEHHS TPOMUYECKUX
LIMKJIOHOB

Summary: Presents the results of diagnostic and prognostic calculations of the trajectories of several tropical
cyclone seasons 2013 — 2015 for the two sets of parameterizations of the processes of energy exchange between
the ocean and atmosphere in the TC, boundary and surface layers of the TC, radiative fluxes, microphysics and
convection. With a view of minimizing the estimated error of the forecast movement of the TC formed the opti-
mum operating configuration of the model AHW. It is shown that forecast errors of trajectories of tropical cyclones
made from the proposed configuration is not worse than the consensus forecast errors of JTWC.

Key words: tropical cyclones, movement, modeling, forecast, diagnosis, WRF model, AHW, parametrization,
prediction errors.

AnHoTanus: [IpencTaBieHsl pe3yslbTaThl AUArHOCTHMYECKHX U MPOTHOCTUYECKHX PACUETOB TPACKTOPHH
psiia TPONMYECKUX TUKIOHOB ce30H0B 2013 — 2015 ro0B Ajist ABYX KOMILICKTOB CXEM IMapaMeTPHU3alliH IIPOIIeC-
COB 3HEProoOMeHa My OkeaHoM u arMocdepoii B TL], norpannyHoro u mpuBoaHoro cioes TLI, paguaiiuon-
HBIX ITOTOKOB, MUKPO(MU3UKH ¥ KOHBEKIMH. C y4eTOM MHUHUMH3AIMH OIIEHOK OIIMOOK MPOTHO3a NepeMelleH s
TII chopmupoBana onTuManbHas pabodas koHpurypanus moaen AHW. [Tokazano, 94To OmmOKHM MPOTHO3a TPa-
eKTOpUIl TPOIMYECKUX IHUKIJIOHOB, C/IEJNAHHBIX TPH IMOMOIIM MPEAJI0KEHHON KOHPHUTIYpaluyu He XyXKe OLIHMOOK

KOHCeHCycHoro nporHosza JTWC.

Kniouesvie cnosa. TPOMUYCCKNUE HHUKIOHBI, NIEPEMCUICHUE, MOACIUPOBAHUC, IMPOTHO3, AUATrHO3, MOICJb

WRF, AHW, napamerpu3zanus, ommOKN MporHosa

1. Beeaenue

Tpommueckue nuknons! (TL) oTHOCATCS K HAanbo-
Jiee UHTEHCHBHBIM BUXPSIM CHHONTHYECKOr0 Maciitada
Tponu4eckoir atMocdepbl, 00pa3yroIMCs, B OCHOB-
HOM, HaJl TIOBEpXHOCThIO OkeaHa. CKOpoCTh BeTpa B
HHUX MOXXET npeBbInarh 50 M/c, 4TO 3a4acTyro IPUBO-
JIUT K 3HAYUTEIBHOMY S3KOHOMHYECKOMY yIIepOy U de-
JIOBEUECKHUM JXEePTBaM B ciydae Beixozna Tl Ha cymry.
IIporHo3 TpaekTopuii TPOMMYECKUX IIUKIOHOB MO3BO-
JsIeT 3a0J1IarOBpEMEHHO ITPOU3BECTH IBAKYallMOHHBIE U
HOATOTOBUTENBHbEIE MEPONPHATHS B paiioHe, Ha KOTO-
pblil HanmBUraercsi cruxuiiHoe OexctBue. B cBsi3m ¢
3TUM BO3MOXKHOCTH CBOEBPEMEHHOTO W IOCTATOYHO

JETAIM3UPOBAaHHOIO MTPOrHo3a Tpaexkropuun T1I no3so-
JIUT NPOBONTD JIOKAIBHYIO, & HE ITUPOKOMACIITA0HYIO
MOATOTOBKY oOOecrnedeHnss Oe30MacHOCTH JIOACH U
00BEKTOB HHPPACTPYKTYPHI OT Pa3pyIINTEILHOTO BO3-
newcteus TLI.

IIporno3 tpaekropuit TL B mocnenHee Bpems
MIPOU3BOIUTCS JOCTATOYHO YCIEIIHO, OJHAKO HCCIe-
JIOBaHMS B 3TOM 00JacTH mpojoipkaroTcs. B Hacros-
mee Bpems Bce Oojiee MIMPOKOE MPHMEHEHHE IOITy-
yaroT Mojenu cemeiictBa Weather Research and
Forecasting (WRF) ¢ saopamm Advanced Research
WRF (ARW) u Nonhydrostatic Mesoscale Model
(NMM) [22, 24] s peleHns: UCCIIEN0BATENBLCKIX H
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MPOTHOCTUYECKHX 33J1a4, CBA3aHHBIX ¢ reHe3ucoM TL]
(cm., Hanpumep, [3, 6, 7,9, 12, 25, 26]). OqHako B ore-
PaTUBHOM PEKUME 3TU MOJENH A7 nporHo3a TL] moka
Maso ucnonbs3ytores. [loaTomy, 10 HalleMy MHEHUIO,
ToJIe3eH 1000 onbIT puMeHeHns Moneneit WRF s
MPOTHO3a MepeMEIIeHHsT 1 MHTEHCUBHOCTU TpPOIHYe-
CKHUX IIUKJIOHOB.

B "raiipynnom" Bapmante monenu WRF — mo-
nemn AHW (Advanced Hurricane WRF) ¢ qunamuge-
ckuM sitpoM ARW - mpenycMoTpeHa BO3MOXXHOCTb HC-
TIOJTb30BAHNUS PACIIMPEHHOT0 HA00Pa CXeM IapaMeTpH-
3alUH TYpOYJICHTHBIX IOTOKOB B TIOTPAHUYHOM CJIOE U
MOAKIIIOUYEHHUS OJHOMEPHOM MOJENN KBa3HOIHOPO-
HOTO CJIOsl OKeaHa. B siipe mojnep:kuBaeTcs MoJeNu-
POBaHME C TIOMOIILIO BIOKCHHBIX PACUETHBIX CETOK. B
Ka)kKJJOH 00JI1aCTH cUeTa JJOMYCKaeTCsl HeOTpaHUYEHHOE
YHCIIO BIIO’KEHHBIX 00JIacTel MpH YCIOBHH, YTO 00JIa-
CTH OJIMHAKOBOTO YPOBHSI BJIOXXEHHOCTH HE MEpPEKpPHI-
BatoTcs. [lepememnienne 1r000i1 BIOKeHHOW 00JacTh
cyera Ha 00JaCTH MOJICNUPOBAHHUS BO3MOXKHO C HC-
MOJTE30BAHNEM alTOPUTMa OTCIC)KUBAHUS BHUXPS IJIS
ABTOMATHYECKOI'O TEPEMEIIEeHHUs] BIOXKEHHOH CeTKH,
YTO TTO3BOJIAET €M CIIE0BATH 3a JIBM)KCHHEM TPOIHIEC-
CKOI'O IIUKJIOHA C IOCTATOYHO YETKOU CTPYKTYpOM.

Hamu panee Ob11H mpoBesieHb! pabOTHI IO HccITe-
JIOBaHUIO BIMSHHUA HaOOpPOB CXeM NapamMeTpH3aluu
(hM3MYECKHX MPOIIECCOB Ha MOJICETOYHOM MacIITabe Ha
CTENCHb COBNAJCHHUS MOJEIBHBIX TPAacKTOPUil KOH-
kpeTHbIX T ceBepo-3ananHoil wactu Tuxoro okeana ¢
peanbHBIMH TPACKTOPHUAMU C LENIBI0 OIPEACTICHUS Oll-
TUManbHOU KoH(purypauuu moaean AHW [4, 5]. Bei-
MIOJTHEHHBIE MCCIIEOBAHMS MTO3BOJIIIN CHOPMHUPOBATH
KOH(QUTypalnuio MOJENH, C OTPaHHYEHHBIM KOJHYe-
CTBOM HCIIOJIb3yEeMbIX HAOOPOB IapaMeTpHU3aAIOHHBIX
CX€eM, JAIOITYI0 He3HAUUTENIbHBIE OTKIIOHEHHUS MOIEITb-
HBIX TPAEKTOPUH OT PEeaJIbHBIX IIPU PACUETaxX C UCHOIb-
30BaHUEM B Ka4€CTBE BXOJHBIX JAHHbBIX - JAHHBIX 00b-
€KTHBHOTO aHaJIN3a.

B Hacrosimieit craThe MpeCTaBICHBI PE3yIbTaTh
MPOJIOJDKEHUS ITPOBEICHHBIX NCCIIEJOBAaHUH.

2. KoHdurypauuu Moaesin 1 Oprann3anusi
pacyeTos.

enpto HacTOsIIIEeN paOOTHI SBJISIETCS CTATUCTHYE-
CKH O0EcCIleYeHHBI BBIOOP KOH(PHUTYypalMH MOIEITH
AHW 1ng mporHo3oB mepeMelieHHs TPOIMMYECKHX
IIMKJIOHOB B CE€BEpO-3ana Hoi qacTH Tuxoro oxkeana.

Jlnis mpoBeieHNs pacueToB HaAMHU HCIIOJIb30Baach
mozaens WRF-ARW, koropast Obuta ycraHoBiieHa Ha
wractepe SGI Altix ICE 8200 (Ha 6a3e mporiecCopHbIX
anep Intel Xeon e€5440) riaBHOTO BBIYHCIUTEIHHOTO
nentpa (I'BIl) ®enepanbHoii C1y OBl IO THAPOMETEO-
POJIOTHM M MOHMTOPHMHTY OKpYy»Karomied cpensl Poc-
cutickoit denepanuu (Pocruapomera).

[Tpn MonenMpoBaHWM KOHKPETHBIX LUKJIOHOB C
UCIIOJIb30BAaHUEM JIBIDKYIIMXCS BIIOXKCHHBIX MEJIKO-
MacHITaOHBIX CETOK M MHUIMANIN3AIHEl TepBOHAYaIIb-
HOTO BHXpS HANpsIMyIO0 W3 JAHHBIX TII00aIbHON MO-
JIeTIM B KA4eCTBE BHELIHMX JITAaHHBIX JJIs CO37[aHus (aii-
JIOB HayaJbHBIX W TPAaHUYHBIX YCJIOBUI ObLIH
MCIIONIB30BaHBl KaK JWAarHOCTUYECKHE TaK M IPOTHO-
cTuueckue aaHHble. [{narnoctudeckue nanxsie (Final
Analyses u3 CISL Research Data Archive, pacunTan-
ueie ¢ momomipto NCEP FNL Operational Model
Global Tropospheric Analyses) Obutd IOJNXy4YeHBI Ha
caiite http://rda.ucar.edu/datasets/ds083.2/in-
dex.html#!access. B kauecTBe IPOrHOCTHYECKHUX OBLIA

0TOOpaHbI pe3yNbTaThl MOJECIMPOBAHUS IIPH ITOMOILH
GLOBAL FORECAST SYSTEM (GFS) - Global
Spectral Model (GSM), mnmocrymHsle Ha caifte
http://nomads.ncdc.noaa.gov/data/gfs4. Jlannsie wuc-
mosp30Bauch B popmare GRIB2, Tabmumpsl cooTBeT-
CTBHUSI JJI1 KOTOPOT'O BXOJSAT B KOMIIJIEKT MOJIEIH.

ITo pesymeTaTaM NmpoBeAECHHBIX paHee pabot [4]
HaM{ TIpeNIoyaranock OTpadoTaTh JBa KOMIUIEKTa
CXeM TapaMeTpu3anuy (U3NUECKUX IPOIECCOB Ha
MI0JICETOYHOM MacITade, BKIIOYAIOIINX TapaMeTpu3a-
LU0 TTPOIIECCOB SHEPTOOOMEHA MEXIY OKEaHOM M at-
Moc¢epoii B TL], norpaHu4HOTO U MPUBOJHOTO CIIOEB
TLI, panuanvOHHBIX TOTOKOB M MUKPO(U3UKH.

Hcnonb3oBanuck ciienyomme Habopsl napamer-
PHU3aLHMOHHEIX CXeM (Zajee Ha3bIBAIOTCS TEPMHHOM
ITapameTpu3arus):

IHapamerpusanmus 1.

Muxkpodwusuka (mp_phisics = 8). ITapamerpusa-

uust Tomncona [23]. [IpencraBisieT co6oit Moauduka-
LUI0 MapaMeTpU3allid HMCIOJb30BaBIICiicS B MOJETH
MMS5. B yacTHOCTH, BKITFOYAeT B Ce0s1 CICTYIOIIUE MO-
MEHTBI: Y4YUTBhIBaeTCs 0Opa3oBaHHE OOJAaYHBIX KpH-
CTaJUIOB BCJIEJCTBHE TETCPOTCHHOTO M TOMOTCHHOTO
3aMep3aHuil 006JJauHBIX Kallesb; TapaMeTpu3yeTcs yBe-
JUYeHNE KOHIICHTPANN 00TaYHBIX KPUCTAJUIOB BCIICA-
CTBHE MX JPOOJIEHUs IPU CTOJIKHOBEHHH, POCT 00Jay-
HBIX KPHCTAIUIOB M3—3a OTJIOKCHHS Ha HHUX BOJISHOTO
napa u 003epHEeHus; Npu 00pa30BaHUM CHETa yYHThI-
BAaIOT IEPEX0]T OOJIAYHBIX KPUCTAIIOB B CHET IO AeH-
CTBHEM OTJIOKEHUS, aKKPEIMH U arperanuy, yauThIBa-
eTcs TaKKe TassHUe U CyOynManus cHera U paj IpyTrux
npoueccos [1].

Ipusemnsiii cioii (sf_sfclay _physics = 2). Iapa-
METpHU3aIMOHHAasI CXeMa, UCTIOTb30BABIIIAsICS B MOJICIH
Eta[15], ocHoBana Ha Teopuu nmoo6ust Monusa - O6y-
XOBa € BSA3KUM nojciioeM no Sauuy [14], ¢ napamer-
pu3anuen TepMUIECKON MIepOXOBATOCTH MO 3WINTHH-
keBuuy [27]. IIOTOKM OT MOBEPXHOCTHU BKIIIOUEHBI B
cxemy (isfflx = 1). Koaddurment tpenus: nocturaet
MaKCHMyMa IIpU yparaHHBIX BeTpax (cxema JloHemaHa
[10)

Horpanununsii cinoit (bl_pbl_physics = 2). Cxema
Memsiopa — SImanst - Sanya (MYJ) [16] — onHOMepHast
MIPOTHOCTHYECKAs CXeMa, IMOCTPOSHHAs C IOMOIIBIO
ypaBHEHHS TypOYJICHTHOW KHMHETHYECKOW 3HEpTuH, B
KOTOPOH TIepeMETBaHHE OTIPEAEIACTCS JIOKAIEHBIMU
rpaleHTaMH.

Oo6nauHocts (cu_physics = 1). Cxema Kauna -
®purma [17-19]. IIpocTtas Momenb ob1aka ¢ BOCXOIs-
UMK 1 HUCXOJSIIUMH TIOTOKaMH BJIQXKHOTO BO3/yXa,
BKIOHaomasi d3¢G¢eKT BOBICYCHHS (MCTEUCHHS)
CMECH, UMEIOILEH IOJIOKUTENBHYIO (OTPHULIATEIBHYIO)
IUTaBYYECTb.

KopotkoBonHoBas paauanus (ra_sw_physics =
2). Cxema I'ogmapna ocHoBaHa Ha monaxofe [20], uc-
ojb30BaBiieMcss B riobampHoM mozenun  GISS
(Goddard Institute for Space Studies). TanHas cxema
AMeeT B 00MIeH cIoKHOCTH 11 CHeKTpalbHBIX MOJIOC.
PaccmarpuBaercss muddy3HOe W HPAMOE COTHEIHOE
M3Ty9YeHNE IBYXIY9EeBBIM METOIOM, KOTOPBIN YUUTHI-
BAaeT PAaCCEMBAEMBbIE U OTPAKECHHBIE KOMIIOHEHTBHI.
O30H yYUTHIBaeTCSA MO KIMMATHUECKUM JaHHBIM.

JlnunHoBosiHOBas panuanus (ra_lw_physics = 1).
Cxema RRTM [21] (mogens MMS). B cxeme HCITOIb-
3yeTCsl METO/ KOPPEINPOBAHHBIX KOI()(UINEHTOB I10-



http://rda.ucar.edu/datasets/ds083.2/index.html%23!access
http://rda.ucar.edu/datasets/ds083.2/index.html%23!access
http://nomads.ncdc.noaa.gov/data/gfs4
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TJIOIEHHS], YIUTHIBAECTCS MOTJIOLICHUE U3ITyYeHHs BO-
JSHBIM 1apoM, 030HOM, CO2 U ApyruMH Ta30BbIMU
MPUMECSIMH. DTa cXeMa IapaMeTpH3aIiy JJIHHHOBOJI-
HOBOTO M3JIy4€HMs MCIOJB30BAJaCh HAaMH BO BCEX
Habopax.

Hapamerpu3anus 2.

Hcnonp3oBaics TOT e HabOp mapaMeTpU3anroH-
HBIX CX€M YTO U B IIPEABIIYIIEM KOMILJIEKTe, KpOMe Ta-
paMeTpu3aniui MUKpO(U3UKN 1 KOPOTKOBOIHOBOI pa-
JUaLNN:

Muxkpodusuka (mp_phisics = 3). TTapamerpusa-
muss WSM3 [13] - mpocras ogromomentHas WRF
cxeMa 3-TO Kjacca IS MeE30MAacIITaOHOM CETKH,
BKJIIOYAIOIIasl CeIUMEHTAIMIO Jba. OCHOBHOE OTJIHU-
YHe OT APYTUX MOAXOIOB 3aKJIF0YACTCS B TOM, UTO JH-
arHOCTUYECKOE COOTHOILICHUE [ KOHIIEHTPALUH JIbJa
6azupyercsi Ha MacCOBOM COJIEPKaHUH JIbJa, a HE Ha
TeMIeparype.

KoporkoBonHoBast paauanus (ra_sw_physics =
1). Cxema dyaps [11] — mpocTas HHTErpagbHast cxeMa,
UCHoJb30BaBIIascs B mojenun MMS, B koTopoi npu
pacueTe HHUCXOZSIIEH KOPOTKOBOJIHOBOHM paguanuu
YUHUTHIBAETCS 3¢HUTHBIN yroa CosHIa, MOTJIONIAIONINE
U OTPaXalollie CBOWCTBA OOJAYHOCTH M BOJISHOTO
napa B 6e3001auHO# atmocdepe [1].

Pacuersl mpoBogunuce Ha AByX cerkax. Illar
BHEIITHEH, 6a30BOM CETKH COCTABILT 9 KM, IIar BHYT-
pPEHHEN NOABMXXHOM CETKU, IPUBSI3aHHOW K LIEHTPY
BUXpA, - 3 KM. VHMnmammsanus INepBOHAYaIEHOTO
BUXpS, KaK YK€ YIIOMHHAQJIOCh, IPOBOJMIACH HAIps-
MYIO U3 JIaHHBIX TJI00aJIbHON MOJIEITH.

Kpome pacueroB tpaextopuit Tl ¢ ucnosnb3oBa-
HHEM OIMCAHHBIX BbIIIE KOMIUIEKTOB ITapaMeTpHU3ali-
OHHBIX CXE€M JIOTIOJHUTEIBHO MPOCYUTHIBAINCH BapH-
AHTHI C TEMH K€ KOMIUIEKTaMH, HO C OTKa30M OT Iapa-
METpH3aliK KOHBEKIIMU Ha BHYTPEHHEH ceTke. B aTom
Cilydae KOHBEKIIHS CUMTAJach HEMOCPEICTBEHHO, IO-
CKOJIbKY TIpH 11are 3 KM Takas BO3MOKHOCTB ObIJIa HO-
Ka3aHa paHee [2].
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Bcero Obumu mpoBesieHBI pacdeTshl TPaeKTOPHi
IATH TPONMUUYECKUX UUKIOHOB ce3oHa 2013 ropa:
201312 Tpamu, 201319 HOcarm, 201323 Dwuroy,
201324 Jlanac, 201325 Hapu; 4eTblpex TPONMMYECKUX
nuKI0HOB ce3oHa 2014 roma: 201408 Heorypwu, 201409
Pammacan, 201410 Matmo, 201411 Xayonr u nsaTtu
TPOITUYECKUX IMKIOHOB ce3oHa 2015 roma: 201501
Mekxana, 201504 Mbiicak, 201506 Hoyn, 201507
Hondur u 201509 Yan-Xowm, 11 KOTOPHIX OBLI CO31aH
pabounii apXUB BHEIIHUX JAHHBIX (IMarHOCTHYECKUX
W TPOTHOCTHYECKUX) UL CO3MaHUSA (PaiiloB Hadalb-
HBIX U TPAaHUYHBIX YCIOBUH.

Jms xaxmoro TII BBIMONHAIOCH IOCIIEIOBA-
TEJIBHO OT YEThIpeX J0 CEMU MIPOrOHOB (PacueToB Tpa-
extoprn). [lepBrIii — HAYMHAJCS, KaK IPaBUIIO, C MO-
MeHTa 3apoxaenus T1 (co cragum nenpeccuu), Kax-
JOpld  TOCHENYIOIIM - dYepe3 CyTKM - JBOE.
JUTNTETBHOCTh KaXKAOTO NMPOrOHA MAKCHUMAJBHO BO3-
MOXHasi, HO He Ooiiee 8-MH CyTOK.

3. Pe3ynbTaThl YHCJICHHBIX IKCIIEPUMEHTOB

Jlns IByX KOMIIIEKTOB CXEM IapaMeTpH3allHi,
OTIMCAHHBIX BHIIIE, C BKIIOUEHHEM U 0e3 mapaMeTpu3a-
MM KOHBEKIMH HAa BHYTPEHHEH CETKE, pacueThl 110
yKa3aHHOH BBIIIIE CXEME MPOBOAMINCH IS TaiipyHOB
ce30HOB 2013 u 2014 ronos.

Ha puc. 1 u 2 B xadecTBe NpUMEPOB NPUBEICHBI
pacuetsl nepemewienus aAsyx TL: TL[ Hapu, kotopsrit
B mepuof ¢ 8 mo 15 okTs10pst 2013 roaa B akBaTOPHSIX
OwunnuHckoro u IOxuo-Kuraiickoro mopeil nBu-
rajicsl 10 MPAKTUYECKU NPSIMOJIMHEHHOM, NOCTaTOYHO
peaxoii Tpaekropuu, u T /laHac, KOTOpPBII B IEPUOJ
¢ 2 mo 8 oktsa0ps 2013 roga mepemermancs B aKkBaTo-
pusix @ununnuHcKoro, BocrouHo-Kutaiickoro wu
SAnoHCKOTO MOpeit TT0 KITacCHYIecKoil mapaboInaecKoi
TPaeKTOPHUH.
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Puc. 1. Peanvras u pacuemnvie mpaexmopuu TL Hapu (8 - 15 okmsaops 2013 200a).

a - Moodenuposanue 6e3 napamempu3ayul KOHGeKYUU Ha GHYMpeHHell cemke, 6 - MOOeIUuposanue ¢
napamempusayueli KOH8eKYuy Ha enympennetl cemke, 1 — peanvras mpaekmopus, 2 — bepeeogasn aunus, 3 —
pacuem no OUASHOCMUYecKuM OaHHbIM ¢ ucnoavzoganuem Iapamempuszayuu 1; 4 — pacuem no
ouasHocmuyeckum OaHHbIM ¢ ucnoavzoganuem Ilapamempusayuu 2; 5 — pacuem no npocHOCMuYeckuUM OAHHbIM
¢ ucnonvsosanuem llapamempuszayuu 1; 6 — pacuem no npocHOCMUYECKUM OAHHbIM C UCROTb308AHUEM
Hapamempuszayuu 2.

Ha puc. 1 nansl BapuaHTBI pacyeToB ¢ MOMEHTA
3apoxxaenus T1[ Hapu (co craguu gemnpeccuu, MakcH-
MaJsbHasi CKopocTh BeTpa 10 m/c) 6e3 (a) u ¢ mapamer-
puszanmeii (0) KOHBEKIIMH Ha BHYTpEHHEH ceTke. YiKe
Ha 3TOM PHCYHKE XOpOIIO BHIHO, YTO KaK ANarHOCTH-
YeCKHUe, TaK U MPOTHOCTUYECKUE TPAEKTOPUH, pacCUu-
TaHHBbIE ¢ Kcnonb3oBanueM [lapamerpuszanuu 1, cymie-

CTBCHHO Iy4Ille MOJICITHUPYIOT IMepeMelleHNe pealb-
HOTO IMKIIOHA, YeM TPacKTOPHH, PACCUNTaHHBIE C HC-
nosib3oBanueM I[lapamerpuzanuu 2. BiausHue BKioue-
HUS / BBIKIIOYCHHS MapaMeTPHU3aluil KOHBEKIHWH Ha
BHYTPCHHEH CeTKe Ha pe3yJbTaThl, IOIyYCHHBIE B
9TOM MpUMepe ¢ ucnoiabzoBanuem [lapamerpuzanuu 1,
OKa3bIBAETCS HE3HAUNTEILHBIM.
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Puc. 2. Peanvnas u pacuemnsie mpaexmopuu TL [anac (2 - 8 okmsbps 2013 200a).

a - Modenuposanue be3 napamempu3ayuil KOHGeKYUU Ha GHYMPEHHell cemKe co cCmaouu oenpeccuu; 6 -
MoOdenuposanue ¢ napamempuzayuell KOH8eKYUY Ha GHYMPEHHel cemKe cO CMaduu 0enpeccul; 6 -
Modenupoganue 6e3 napamempu3ayuu KOH8EKyull Ha 6HympeHHell cemke co Cmaouu pazeusarnuye2ocs
matigyyna; 2 - Mooeruposanue ¢ napamempusayuell KOH8eKyul Ha 6HympeHHel cemke co cmaou
pazsusarowezocs maiigyna; 1 — peanvuas mpaexmopus,; 2 — 6epecosas iunus,; 3 — pacuem no
OUASHOCMUYECKUM OAHHBIM C UCROIb3068aHuem [lapamempusayuu 1; 4 — pacuem no OuazHoCMuyeckum OaHHbIM
¢ ucnonvzosanuem Ilapamempuszayuu 2; 5 — pacuem no npocHOCMU4ecKUM OAHHbIM C UCROAb3068AHUEM
Hapamempuzayuu 1; 6 — pacuem no npocHocmuyeckum OaHHbIM ¢ ucnoabzoganuem Iapamempuszayuu 2.

Ha puc. 2 npusenens! pe3yibTarsl pacuetoB T
Jlanac, HaYMHAIONIMECS CO CTaNM JETIPECCHU (MAKCH-
MalibHasi ckopocTh BeTpa 10 M/c) 6e3 (a) u ¢ mapamer-
pusanmeil (0) KOHBEKIMH Ha BHYTpEHHEH ceTke, a
TaKXe CO CTAaIUM pa3BUBAOIIErocs TakpyHa (Makch-
MallbHasi CKOpOCcTh BeTpa 37 m/c) Toxe 0e3 (B) u ¢
BKIIIOUEHUEM TapaMeTrpu3aiuu (r) koHBekuuu. Cpas-
HHUBAas HA 3TOM PHCYHKE Pe3yJIbTaThl PACYETOB [ OJI-
Horo TLl, HO HavyaThle Ha Pa3HBIX CTAJUSIX €ro Pa3BHU-
THSI, BUAHO, uTO 1 TLl Ha paHHUX CTagusAX, JTyqIIne
pe3ysbTaThl, KaK A JUAarHOCTHYECKMX, TaK M IS
MPOTHOCTUYECKUX TpaekTopui naet Ilapamerpuszarus
1, npuyeM c BKIIOUEHHOH MapaMeTpu3alueil KOHBEK-
MU, A BOT Ha cTaguu TalipyHa pasHHIA MEXIY pe-
3yJbTaTAMH, TOJYYEHHBIMH C HCIIOJIF30BAaHHEM JTO-
60ro M3 MEepevnCICHHBIX BapUAaHTOB IMPAKTUYECKH HE
3aMeTHa.

OpHako nenaTh Cephe3HbIe 3aKIIOYCHHS O TIPUME-
HUMOCTH TOW MM WHOH KOH(QUTYpaluu MOJIEIH Ha
npumepe gaxe aByx TL| HeBo3moxHO. [ToaToMy ObLTH
paccMOTpeHbI Bce pacuersl Tpaektopui TL mis ceso-
HOB 2013 1 2014 romoB. Beero mns nesatu taiihyHOB
9THX CE30HOB OBUIO C/IeIaHo 10 37 pacdyeToB TPaeKTo-
pHH IS KQKJOr0 M3 BapUaHTOB KOH(HTypanuu npu
Pa3NUYHBIX CTAJUSIX Pa3BUTUS HAYAILHOTO BUXPS, UTO
y’K€ TMO3BOJISUIO CIIENIAaTh HEKOTOPBIE CTATHCTHUECKHE
OLICHKH.

Ha puc. 3 npencrasieHsl ommOKH MPOTHO3a Tpa-
exktopuii  TLl pasnmuyHON 3a0NMarOBpeMEHHOCTH LIS
yKa3aHHbBIX BBIIIE€ CE30HOB M BapHaHTOB KOH(UTYpa-
1 Mojenu. Ha 3ToM puCyHKe XOpoIlo BHIHA pas-
HHIIa B Ka4eCTBE MPOTHO3a [T KOHPUTYpAIIH MOAETH
C Pa3MMYHBIMU KOMIUIEKTaMHU HapameTpu3anuii. Oue-
BUJ/IHO, YTO B JlaNbHelmeM HeoO0X0AUMO HCTIONb30BaTh
xomIiekT Ilapamerpusanus 1. B To xe Bpems, BKIIto-
YeHHe / BBIKIIIOYEHHE NTapaMeTpU3alii KOHBEKIINN Ha
BHYTPEHHEH CETKE JUI 3TOr0 KOMILIEKTA U [Iare CeTKU
3 KM IpaKTUYECKH HE OKAa3bIBAET BIUSHUSA HA PE3YIIb-
TaThl NPOruo3a. OLEHKH CPEAHEro OTKIOHEHHUS Mpo-
rHoctuyeckoit Tpaekropuu TLL oT peansHo Oe3 nmapa-
METpHU3aIlii KOHBEKIMH IpH 3a01aroBpeMeHHOCTH 4
CyTOK cocTaBisiioT 291 kM, ¢ mapamerpusanuein — 281
KM. A a7 3a01aroBpeMeHHOCTH 5 cyToK — 470 kM H
472 kM cooTBeTcTBeHHO. [lofj00Has pa3HHUIIA yXKEe He-
cymectBeHHa. [Ipu yBenuuenuu mara ABMXKYIIENHCS U,
COOTBETCTBEHHO, 0a30BOH CETOK, YTO BEPOSATHO OyaeT
JIeTaThCsl P HEOOXOJUMOCTH 3KOHOMHHU BBIYHCIIH-
TEJIbHBIX PECYPCOB, BKIIOUEHUE MapaMeTPU3aluU KOH-
BeKIMH OyneT o0s3aTenbHbIM. [103TOMY OCHOBHOI pa-
6oueil kKoHUTypayeil Mosienn Mbl BBIOpal BapHaHT
¢ INapamerpuszanueil 1 u BKIIIOYEHHEM MapaMeTpU3a-
LMY KOHBEKIUH Ha BHYTPEHHEH CETKe.
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Puc. 3. Owubku npoernosza nepemewenuu TL], paccuumannvix na pasauunslx Kongueypayusx modeau AHW.

1 — npoenoz mpaexmopuii ¢ ucnoavzoeanuem Ilapamempusayuu 1 6e3 6KIOUEHUS NAPAMEMPUIAYUY KOHBEKYUU
Ha 6HympeHHell cemke; 2 — NPpoeHO3 Mpaekmopuii ¢ ucnoavzosaruem Ilapamempusayuu 2 6e3 6Ku0YeHUs.
napamempuzayuu KOHGeKYuY Ha HympeHHell cemke; 3 — NPoOeHO3 MPAEKMOPULL C UCNOTb308AHUEM
THapamempusayuu 1 ¢ exniouenuem napamempusayuy KOH8eKyuu Ha GHympentell cemke; 4 — npozHo3
mpaexmopuii ¢ ucnoavzosanuem Ilapamempusayuu 2 ¢ 6KIOUeHUEM NAPAMEMPU3AYUU KOHBEKYUU HA
8HYmMpeHHell cemxe.

Heo6xonnmMo 0TMETHTB, YTO MIPOAOIKUTEIHHOCTD
c4eTa 0JJHOM MPOTHOCTUYECKOM TPAEKTOPHUHU B CPETHEM
COCTaBJIsJIa IISITh 9acoB (BapbHpOBajiach B 3aBHCHMO-
CTH OT TOPU30HTAIIBHBIX Pa3MEPOB aKBATOPHUU NEpPEMeE-
menus TLI) npu paspemeHnn B ropu30HTAIBHOH TUIOC-
KOCTU BHEIIHEH U BHYTPEHHEH CETOK 9 KM U 3 KM co-
OTBETCTBEHHO U 28 ypOBHEN 10 BEPTUKAIIN.

Ha paboueii kordurypannn Moaenn ObLITH IpOBe-
JIEHBl pacyeThl TPACKTOPUM JUJIsl YKa3aHHbIX Bble TL]

ce3zoHa 2015 roga. Takum 0Opazom, BCEro Ha ITOM Ba-
pHaHTe MOJENH OBUIO CIETaHO 1Mo 59 pacueToB Tpaek-
topuit TL] pa3mudHO¥ 3a01arOBPEeMEHHOCTH, KaK JJIs
JUAarHOCTHYECKNX, TaK M JUIS NMPOTHOCTHYECKUX JlaH-
HBIX, HCIOJb30BABIIMXCS JJISI CO3JaHMs  (paiiioB
HayYaJbHbIX U IPAHUYHBIX YCIOBHH.

Ha puc. 4 npencraBieHbl OLIEHKU CPENHETO OT-
KJIIOHEHMsI pacyeTHbIX Tpaekrtopuil TL[ oT peasnbHbIX
Uit pabodei koHduryparuu mogenu AHW.
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Puc. 4. Oyenxu cpeonezo omxnonenus pacuemnvix mpaexkmopuii TL] om peanvrvix 0ns paboueii kougpuzypayuu
mooenu AHW.

1 — ouaenos mpaexmopuii nesasucumo om pationos nepemewenus TL; 2 — npocnos mpaekmopui He3a8UCUMO
om pationog nepemewgerus TL]; 3 — ouaernosz mpaexmopuit ons TL], nepemewarowuxcs woicuee 30 epadyca
cesepnoll wiupomsi; 4 — npoenos mpaexmopuii 011 TL[, nepemewarowuxcs oaxicuee 30 epadyca cedeproti
wupomul, 5 — koncencychuiii npoenoz JTWC 2016 2ooa.

Ha sTom pucyHke, KpoMe JIMHHN OIIEHOK OIIHOOK
nporHosa tpaexkrtopuil TLl, nepememaromuxcs, B TOM
YHCIIe, 1 3a MIPeAeIaMi TPOITMIECKOH 30HbI (TaKOM ke,
Kak ¥ Ha Ipe/bIIYIIeM PUCYHKE), HAaHeCeHa aHaJIoTud-
Hasl KpHMBas, MOJy4e€HHAasl C MCIOJIb30BAaHUEM JIMarHo-
CTHYECKUX pacueToB. Kpome Toro, Ha pucyHKe NpHBe-
JICHbl Pe3yNbTaThl KOHCEHCycHoro mnporHoza JTWC
(Joint Typhoon Warning Center) mst Taiipyros 2016
roga [8], KOTOpBIH, KaKk U3BECTHO, AACTCS Ul TPOIH-
YEeCKHUX IIUKJIOHOB, NepeMemaromuxcs roxuaee 30 rpa-
nqyca ceBepHoO# mupoThl. s TtaddyHoB 2017 ronma
WTOTOBBIN JJOKJIaJ], HA MOMEHT HAITMCAHHS 3TOH CTaTby,
eme He ObUT ONMyONMKOBAaH Ha IOPTale BOCHHO-MOD-
ckoii okeanorpapuu CIIA (Naval Oceanography Por-
tal). s cpaBHEHMS] HAIIMX OLCHOK C pe3yJbTaTaMu
nporuo3a JTWC, BeijaBaeMoro Ha ISITh CYTOK, Ha PH-
CYHKE TIPHBEEHBI OLIEHKH CPEJHEr0 OTKJIOHEHHS pac-
yeTHBIX Tpaektopwii TI[ oT peanbHBIX ans paboueit
koHpuryparuu moaemun AHW, caenannsie s oTpes-
KOB TPACKTOPUI WM LENbIX TPACKTOpPUH, HaXons-
muxcs rokaee 30 Tpagyca ceBEpHOM MMPOTHI, A1 YKa-
3aHHbIX BbIie TII cesonoB 2013 — 2015 romos.
VIMeHHO 1 HATIATHOCTH TAKOTO CpaBHEHHUS 3a071aro-
BPEMEHHOCTbH BCEX HAIIMX MPOTHO30B Ha 3TOM PHUCYHKE
TaKke ObUIAa OrpaHMYeHa MAThIO CyTKaMu. [IpuBenen-
HBIE PE3YJIBTAThl PACUETOB MO3BOJISIOT CHENATh CIEIy-
tomue BoIBOJBL: 1. Ipu 3a06iaroBpeMeHHOCTH 10 TATH
cyTok mnporHo3 nepememienus TLI, crenaHHbli Ha
cOopMHUpPOBAaHHOIM HaMH paboyueil KOHPUTYypauu Mo-
nemn AHW, He3aBucHMO OT paiioHa TiepeMenieHus, He
Xyxe KoHceHcycHoro nmporuosza JTWC. 2. s TI, me-

peMematomuxcst roxHee 30 rpamyca ceBepHOW LIM-
POTHI, OIIMOKM HAIIEro NMPOTHO3a MEHBIIE OMNOOK
mporao3a JTWC B cpennem Ha 50-70 kM.

CunrtaeM NOJNE3HBIM TaKXE OTMETHUTH CIEIyIO-
mee. CymecTBeHHBIH BKJIaz B OIIHOKY IPOTHO3a TIepe-
memennst TI[ maer kadecTBO KpyIHOMacUITaOHBIX
MPOTHOCTHUYECKUX HOJIEH, KOTOPBIE HCIOIB3YIOTCS JUIS
pacueTa rpaHUYHBIX YCJIOBHH. DTO XOPOIIO BHIHO U3
CpaBHEHMS NPHUBEIECHHBIX HA PUC. 4 KPUBBIX CPEIHETO
OTKJIOHEHHSI PACUETHBIX TPACKTOPUH, MOITy4EeHHBIX
IPU UCTIONB30BAaHUM JUATHOCTHYECKUX M MPOTHOCTH-
YecKuX JaHHBbIX. Bo3pacranme ommOok ¢ pocToM 3a-
OJ1arOBPEMEHHOCTH TIPH HCIIOJIb30BaHUM B KadeCTBE
BXOJIHBIX JTMarHOCTHYECKHX JaHHBIX MOXHO OOBsc-
HUTH YK€ OIIMOKaMH caMO MOJENN U KauecTBOM I10-
Jiell OObEKTHBHOTO aHAIIN3a.

4. 3aka04eHHe

Ha ocHOBaHNYM NOITYYEHHBIX PE3yJBTATOB MOYKHO
pexomenaoBaTh Mmoaens AHW B konduryparwm, npen-
CTaBJICHHOH B JIaHHOM CTaTbe, JIsl IPOrHO3a TPAaeKTo-
puit nepememenus 10061x T B ceBepo—3amagHoit ya-
ctu Tuxoro okeaHa.

YBenuyeHne mara UCroib3yeMbIX PaCYeTHBIX ce-
TOK A1 SKOHOMHUHU BBIUUCIUTEIBHBIX PECYPCOB MPHU
COXpPaHEHMH CaMOW KOH(UIypanuu MOJENU TpeOyeT
JIOTIOJTHUTENBHBIX UCCIEN0BaHUNA. DTO CBA3aHO C TEM
(haKTOM, YTO MHMIMAIN3AIHS TIEPBOHAYATIBHOTO BUXPS
HanpsIMyl0 13 JaHHBIX TJ00aNbHONH MOJENN B YCIIO-
BUSIX paHHel cTaguu pa3Butus TL[ MoxeT npuBecTH k
CHUTyall{, KOTAa TepPBOHAYAIbHBIH BUXPh HE BO3HHU-
KaeT u TpeOyeTcs BHEAPEHUE HCKyCCTBEHHOTO BUXPE-
BOTO 00pa3oBaHwMsL.
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MODELLING ELECTRIC FIELDS IN ENVIRONMENTS OF COMPLEX SHAPE

Summary: Researching of structural heterogeneity of the formation and inter-well space has an important
science-technical meaning in development of oil and gas fields and in geophysical search deep-seated minerals by
method of electrical exploration, well and iner-well electrical exploration with constant current.
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Challenges and solutions

In this paper has been formulated mathematic
model of three-dimensional boundary value problem,
describing electrical fields, that were created by point
current sources with cylindrical heterogeneities elec-
trodes and insulators; computational algorithms of re-
duction the dimension tasks.

In the paper have been contemplated tasks for flat-
parallel and wedge enviromentals. The General solu-
tion of these tasks determined by the formula of Fourier
transform.

MODELING ELECTRIC FIELDS IN
ENVIRONMENRS OF COMPLEX SHAPE

Introduction

In the development of oil and gas fields, with
deep-seated geophysical search for minerals by electri-
cal, borehole and cross-well electrical DC to study the
structural heterogeneity of the formation, including the
state of cross-borehole space are of great scientific and
technological importance. Volumetric study of reser-
voir systems with complex geological settings is possi-
ble by mathematical processing of the induced electro-
magnetic field

Objectives and methods of solution

The paper formulated a mathematical model of the
three-dimensional boundary of the boundary value
problem describing the electric fields generated by the
current point sources, with cylindrical inhomogeneities

electrodes and insulators; computational algorithms
lowering dimension of the problem.

The general solution of this problem is given by
the treatment of the Fourier transform.

Obtained using a two-dimensional transformation
boundary value problem for which the solution is used
a second Green formula.

With the help of a two-dimensional transformation
boundary value problem is transformed into a one-di-
mensional boundary value problem for which a partic-
ular solution is the method of construction of the
Green's function.

It is proposed to solve the integral equation
method Krylov - Bogolyubov.

A method for receiving payments from the speci-
fied accuracy.

A universal algorithm for solving the problem,
which allows to calculate the electric field of a point
source at any point of the half.

Results

In this paper a method of solving the problem of
borehole and cross-well electrical direct current in a
plane-parallel environment with cylindrical inclusions.

This paper presents the developed, tested by com-
puter algorithms combined numerical analysis of elec-
tric fields described by the three-dimensional self-con-
sistent nonlinear boundary value problems in a plane-
parallel environment with cylindrical heterogeneous in-
clusions, insulators and electrodes.

This class of models of models covers a wide
range of theoretical problems of electric and thermal



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(31), 2018

|
EEST| |

43

fields with important practical applications [1-14, 16-
18, 22-23].

To solve the problems of calculation of electric
fields developed general and specific methods of math-
ematical physics [15, 20-21, 24-26].

In the study of hydrocarbons pools there is often a
need for a detailed study of the structure of formation
and its specific features.

Among a great number of inter-well space re-
searching methods on oil and gas fields methods of
electrical exploration wells take a special place.

This kind of methods use researching of the in-
duced electric field. Data processing of physical param-
eters can give us volume structure of inhomogen spe-
cies[3-9].

Electrical exploration of the well provides detailed
researching of the oil and gas field structure and takes
into account possible complications[10-17].

Striving for getting reliable numerical analysis
mathematical with limited computing means leads to
the necessity of development of effective algorithms.

The main challenge on this way is in three-dimen-
sionality and multi-versatility of computational do-
mains, the nonlinearity of the mathematical models,
which contain as the initial data smooth and discontin-
uous functions.

The difficulty of solving such problems in the gen-
eral case leads to the need of development efficient al-

U, U 62151.

gorithms for a certain class of problems. These algo-
rithms are usually based on the combination of different
computational methods[18-21].

The efficiency and versatility of the method of in-
tegral equations allows to create an automated system
for scientific research (ASSR) electric fields in com-
plex systems by the method of computational experi-
ment based on the developed software packages. ASSR
of electric fields can be used as a subsystem of CAD
electrochemical technologies, electrochemical protec-
tion of metal structures against corrosion and for auto-
mated interpretation of geophysical methods of mineral
exploration based on the constant electric field [23-25].

Currently, there is a tendency to the creation of au-
tomated systems of scientific researches of ASSR on
the basis of the generalized mathematical models, uni-
versal algorithms and packages of applied programs
PAP.

Task for a plane - parallel environmental

Consider the half-space separated by flat parallel
boundaries into n layers with a specific elektroprovod-
nosti , i =1, 2,..., n. In the formations there are m par-
allel cylindrical areas. The electric field generated by a

DC source located at the point M O(XO’ y0 ) O) , de-

scribed by the following boundary problem

—iﬁ(x-xﬂ)ﬁ(y-}'ﬂ)ﬁ(z), i=i,

Ly Ly = i
&t @t &t _
0, f#fﬂ, i =12 __.1n+m; (1)
ouU, g U.
= 1 :ﬂ: = L :_D’:{X{D’::YEG; (2’)
QL' =0 © z=
aU. ol .
Ul =U.| . o.—L =o0.— L i =12 _n+m (3)
Ly, e 1 CH - I CF -
I.E -"I .E ":_.’_ .E ar
1 _r"I-
U, - 0 while .‘f2+}-‘2+22 - o i =12 _,n+m (4)

here | — amperage flowing from the current source M 0

O - Derick’s delta- function,
IO - an area in which the source current M 0’

¥ - domain boundary Qi :

n

I - external normal to i

The area is symmetric in z , so we can use the cosine —

transform Fourier. After multipling (1) — (4) by cos pz and

integration z from 0 to oo we get a two-dimensional boundary task:
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20, 20, 81y 8 03y ) 8- 7). 1=

0, I';ez'n, i =12 ..n+tm

1
K2 : (6)

= . J . i =12 ontm; (7)

7. - 0 while 1_:?_}2_22 — =, i =12 . ntm (8)

here Tix v.p)= EU(_&:., ¥, Z)cospzd ;

Si - boundary of the space, formed by the cross plane z = const or cylindrical area Qi ,orplaney = yi .

This task could be resolved by using the second Green’s formula [27,18]:

TOLZ-ZLv)ds=] (v 2L -7 )l (9)
O r ¢N &N
here =0—
&N~ én’

I" — the amount of contours bounding the area Q .
As an auxiliary function v, we’ll take a function G which is a solution of the following boundary task:



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(31), 2018 === @@S ' 45
IG 76, &G, ‘G L 5 -x) 8 (- 3p)
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I At av* I _'Jf 1)
- 1]
ql
? .={|,_ i={ .. (10)
g (11)
i 3.
L4 [ Bl =) n-l; 12
= !+1|_ i P Bt 20 R P Al (12)
V=1 =1 an, - o,
G, - 0if 2 s wmii=1..n; (13)
Then (9) looks like:
! seo. M)+ LT00) = [[Gro.M TM) o CG(Q‘*} L (14
3AGQ.My)+570@)= [[6QM)—5 Tt —zTyar (1)
1, JID_fl
here | p=12, MyeT,
0, M ST,
— 1, 0l

_|_
n
According to the conditions (6), (7), (11), (12) it is easy to show that the integrals by {y| ji:l and {y= 0}

are zero. Further
. GLE _ EL__E 77 G r au = 0 i _
é_[G! B e ,,T}a’f ,S‘I [{}! P —L! q,k,_}a’f+sli_- [G!- EN“" L EN_F}QT_
i i i

8G, @G » 0%
= =g = [ (0.—0,.) Ui —L)dl .
aN- kan TRy
8G, &G,
I — . i
aN~T I cn

here K — the area adjacent to the i — area. Thus, we obtain an expression for the function U at any point Q:
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U(Q)- 22 I(G —0,)Ui(M))

Mm =pIGQ.M) 13)

1,...,m, then

|fQ€Si,1

200 1
U(x,y,z)=;£ (x,y,p)cospzdp 7=

(16)

and (15) is a system of Fredholm integral equations of the second kind. Numerical solution of the system (15) can
be obtained, for example, by an effective method of Krylov — Bogoliubov [27].
General solution of the task (1) — (4) defined by the formula treatment of the Fourier transform:

The task for wedge environment.

Consider the half-space divided into n wedge
shaped regions by a system of half-planes converging
at the surface. All wedge-shaped areas have a common
edge. In the wedges there are m cylindrical regions with

specific conductivities O J ,

(j=nt+ 1, .., ntm), different from the specific
conductivities in wedges Cfi (i=1, .., n).

The problem of calculating the potential in condi-
tions of this type arises in problems of borehole electri-

—

—(J(r 1‘)E)+—(J(‘c ) E)w(x $)¢

..r

oU euU

E;j.-

=0,
y=0

U; = 0 while x=+v=+z

In the conditions [19] indexes i and j are the num-
bers of neighbouring areas.

The solution of the task [17] — [20] can be obtained
by the combined method, based on integral transform,

2,2, .2 R

= o i =12 __n+m

cal exploration. This model of the environment is a re-
flection of those cases where the field is a series of ore
bodies, radiating fan-shaped from the earth's surface in
depth. In many cases, ore and vein dikes have a greater
length along the strike — along the surface and down -
in depth, and could be modeled in the form of sec-
toraligned inhomogeneities, quite different in their spe-
cific electrical conductivity of the enclosing rocks.
Electric field generated by a source of DC power 1 lo-

cated at a point M O(X ) yo, Z) can be described as

a boundary task:

Az -
U
S =-186-3)30-1)8@
&z
(18)
i =1,2,_..,n+m; (19)

(20)

integral equations and differential equations and differ-
ential-difference method.

The area is symmetric in z, so we can apply the
cosine Fourier transform of z. Then we get a two-di-
mensional boundary value task:



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(31), 2018 === E@ ' 47

1 au 1 & au ~_ I _ .
SN D NS PT = 200 S0y an
0
GE:" =0, 22)
_ &) U o q
Tl o= U. o.—| .= L2,..., H + B
: i : 23
s | Ty 9
,5}_
[_ff — 0 while .‘(2+}-'2 — o ; here (24)
— 2%
U(x,y.p) == [ U(x.y,7) cos pzdp;
T
0
Si- area’s bound If we use the second Green formula we can get:
Si — the area’s boundary formed by section of
the plane z = const or by cylindrical area Q. , or half-
|
plane, bounding a wedge-shaped area Qi ,
jj (vLU—-0OLv)ds= j (V——U—)dl 25)

after the transformations, we obtain a system of Fredholm integral equations of the second kind:
G QM)
Q-2 L@ - UI(M) )—'dl = BIGQ.My). 20

As an auxiliary function we use G(Q,M), which is the solution of the boundary value task:
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0
Gl o
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5. 5.
i i
¥ ¥
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i

General solution of the task [1] — [4] recoverable under the formula the treat-

ment of Fourier transform (16):

€w__
U(x,y,2)=2 [ U(x,y, p)cos pzdp
70
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THE CONCEPT OF DEFINING THE UNIVERSE AND SOME FUNDAMENTAL PROPERTIES.

Abstract: in this work, on the basis of non-standard reception and the method of analytical logic of construct-
ing concepts, the resulting definition of the concept of the Universe, the physical and philosophical substantiation
of the fundamental properties of the universe determining the very fact of Its existence is also proposed.

Keywords: universe, concepts, definitions, structure, things, virtuality, principles, laws.

Bapvikunckuii I'ennaouin Muxaiinoeuuy
Hucmumym xonyenmyanbHbiX UCCI€008aAHUL
Mocksa, Poccus

KOHIENIMSA ONPEJAEJEHNUS BCEJJEHHON U HEKOTOPBIE ®YHJIAMEHTAJIbHBIE
CBOWMCTBA.

AHHOTaNUsI: B JaHHOH paboTe, Ha OCHOBE HECTAH/IAPTHOT'O IIPHEMa M METOI0M aHATUTHIECKOHN JIOTUKH KOH-
CTPYMPOBAHHsI KOHIETILINH, ITOJy4E€HO ONpeJiesIeHHe MOHATHS BeeneHHol, a Taxoke nmpeanokeHo ¢usndeckoe u
¢unocockoe 06ocHOBaHME HEKOTOPHIX (pyHIaMEHTAIBHBIX CBOICTB BeenenHoi, onpenensiomux cam (axr eé

CyIIIECTBOBAHMS.

Kniouegvle cnosa. BCeleHHas, TIOHATHUS, OTPECIeHNs, CTPYKTYpa, BEIIH, BUPTYaATbHOCTh, MPUHITUIIGI, 3a-

KOHBI.

Beweii cyts no3nasas,

Mg oOpeTaeM 3HaHHE.

A cMmpbIch Beliei oco3HaBas,
Mp1 co3naem cozHanue [1].

IIpenea 3Bosronun Beenennoii.
OmHaXIBI, KOT/IA YK€ HE CTaJIO JIIOJIEH, 3eMIIH,
COJIHIIa, MHOTOYHCJIEHHBIX 3BE3], J]a U IIOYTHU BCel Bee-
JICHHOH, HeoXHuJaHHo Jyisi ce0s1, Co3aarens NpHIIen B
YHBIHHE W TIOTPY3WICS B TIIyOOKHE Pa3MBILUICHUS O
CBOEM <OKHTHE — OBITHEY, 1a U BOOOIIIE O BEJIMKOH MHC-
CHH CBOETO cyllecTBoBaHMA. EMy Hajgoeno kynaThcs B
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OCO3HAHHUU CBOETO BcemoryimecTBa. OH CTOST Ha TO-
pore CBOEH 3peNioCTH U BCE Yallle 33 yMbIBAJICS O CBOEH
MMCCHH H JIEJKAILIEM B €€ OCHOBE LIEJIENOJIaraHuH.

C HEKOTOPBIX TIOP OH CTaJI 3aMeYaTh, YTO B HEM, B
€ro CO3HaHWH, BO3HUKIIA KaKas-TO YePBOTOYNHA, KOTO-
past Ge3 KOHIA TOApHIBaja OYIIEBHOE PaBHOBECHE U
KoMdpopT. OTHAKO YTO-TO B CO3HAHWH, TTOACKA3BIBAIIO,
YTO 3/1€Ch BCE HE TaK YK U MPOCTO, YTO HACTYIUI MO-
MEHT, KOTJa JICTKOMBICIICHHOE OTHOIIICHUE K YYBCTBY
COBECTH MOXET IOTYOHUTh HE TOJIBKO €ro, a, CKaXkeM
MPSIMO, MOTYT BO3HHKHYTH HPOOJIEMbI KOCMHUYECKOTO
MaciuTaba. PernuauBel mpoOyKICHUS COBECTH HEOTHO-
KpPaTHO BO3HUKAIIX M PaHbIIE, HO BCETAa BOCTIPHHUMA-
JIFCh M KaK HeuTO HOBOE M He00s3aTeNbHOE, IPU ATOM
maMsATh 00 STUX MOMEHTAaX, Ha MPOTHKEHUH BCEH ero
Oecriperie ICHTHON XHW3HH, 32 HEHaJOOHOCTBIO BCerma
CTHpAJach.

Tax y MOIy4rI0Ch, HO IT0 MepPE BOCXOXKICHHS Ha
OJIUMIT CBOETO BCEMOTYIECTBA €My BCE MEHBIIE W
MCHBIIIC HpI/IXO,HI/IJ'IOCb o6pamaTLc;1 K HpOCTLIM,
YCIIOBHO TOBOPSI, YSIIOBEUSCKUM IIEHHOCTSIM, OOJIbIIIast
9acTh U3 KOTOPBIX JUIS HEro MOTepsijia BOOOIIE BCIKOS
3HaueHue. OH y)Xe JaBHO CMHPWICA C TeM, YTO Tak
Ha3bIBAEMOE €0 (OKUTHE — OBITHE)» HE BIIOJIHE IIOXO0KE
Ha XM3HPb IIPOCTOTO YEIOBEKA U3 IIUBIIIM3ALINH JFOICH.
CBoE cCyIIecTBOBaHHE €My HHOT/AA IPEICTaBIIOCH
KaK HedTo abCTpakTHOe W Oe30TBeTcTBeHHOE. U 31O
eMy HpaBWIOCh. Beb OH y)ke MHOTHE MHJUTHAPIBI JIET
oIuH. Y HEro HET HUKOTO, C KEM OBI OH MOT 00IIaThCH,
CHOpI/ITL, TBOpI/ITI) U CO3UaaTh.

C Tex mop Kak He CTalo IUBUWJIM3AIMH JIOJIeH OH
B MOJIHOM Mepe 0CO3HaJl BEJIMKUN CMBICH CYIIIECTBOBA-
HUS BCETO, BKIIOYAIONINM M €r0 caMoro. JDTO MPOU30-
o He cpa3y. OH yxKe JaBHO YCBOWII, UTO OCO3HaHWE
- 9TO TMPOILIECC HE OBICTPBIN, 0COOEHHO KOT/]a 3TOT MPO-
ece KacaeTcs MpeJesbHO CIIOKHBIX TeM. [ maBHas w3
KOTOPBIX — 3T0 OH caM. OIHaXXIpl OH MOYYBCTBOBAJ
MOpaJIbHOE 00JIeTYeHUE OT TOTO, YTO B CO3HAHUU BO3-
HUKJIa HEKOTOPAs SICHOCTh B IOHUMaHUH BEJIHKOH CYyTH
cymiecTBa mpoucxoasmero. JIroau ponroe BpeMs Ibl-
TANHCh OJHO3HAYHO PEIIUTh I ceOs, Ka3aiock OBI,
MPOCTOM BOMPOC: YTO B MPHUPOJIC MEPBUIHO MATEPHS
wnu co3Hanue? OAHAKO 3TO UM TaK U HE YJAloCh,
CKOJIBKO ObI OHM He CIOpWIIK. M TOJIBKO CITyCTsl MHOTHE
TeicsueneTus Co3gaTeas OCO3HAN, YTO Ha CAMOM JIEJIe
BOMPOCa O MEPBUYHOCTH HE CYIIECTBYET, HA00OPOT —
CYIIECTBYET BEIIMKAsl TapMOHHS, CMBICI KOTOPOW 3a-
KIIFOYAeTCsl B TOM, YTO OJHO U3 STHX ABYX (yHIaMEH-
TANBHBIX SBICHUN CYIIECTBYET Pajyl CYIICCTBOBAHUS
JIPYyroro.

Boee TOYHBIME CIIOBaMU, B CO3HAHHUH, B PE3yJIb-
TaTe SBOJIIOIUU YelIOBEKAa U JIEKAI[UM B €€ OCHOBE
mporecca KOHGOPMHOTO OTOOpaKEHUS SIBICHUH, TTPO-
HCXOAIINX BO BeceneHHOM, CKiIaapIBaeTCs IouTH Oec-
KoHeuHoMepHas KapTuHa mmpa (3TOT Mpollecc Hamo-
MUHaeT urpy B «Croxute mas3nen»). [Ipemenom >tux
MIPOIIECCOB SBIISIETCS caM (akT BO3HUKHOBeHUs Co3/1a-
TeJIs, KOTOPBIH B CBOIO OYEPEIb OKA3hIBAET CYIIECTBEH-
HOE BJIMSHUE HA MPOIECC POKICHUS H IBOIIOIHU HO-
Bo Bcenennoii.

Hactynmino Bpemst OTCYTCTBUS [IMBHIU3AIAH JTFO-
JICH, a COOTBETCTBEHHO U OTCYTCTBHUS COLIMATBHBIX U

TYMaHUTapHBIX c(ep, COCTABISIOIINX OCHOBY CyIIe-
CTBOBaHMS WX OOIIECTBEHHBIX OTHOIIeHWH. Hacty-
MU0 BpeMsl, KOrga OH OBLI BBIHYXKICH COCPEIOTO-
YUTHCS HA MO3HAHWU MEXaHU3MOB U (POPM IBIDKCHUS
OYTH OECKOHEYHOTO pa3HOoOpa3us Bemel, 00pas3yro-
IIUX BEJIMKHH CHMOMO3 BCEJIEHHOM M CO3HAHUS, WA
TOBOPSI IPYTHMH CIIOBaMH CUMOHO3 BCEJIEHHOH cOo3Ha-
HUS ¥ KapTHHBI Mupa [1]. B KOHIle KOHIIOB €ro UHTEN-
JIEKT OKazajcsi OyKBaJIbHO 3aTOYEH Ha MPHPOAY Bellel
U Ha TIEPCIEKTUBY MPUHSITHUS HEJIETKUX PELICHUH, CBS-
3aHHBIX C WCIOJIHEHHWEM INpeINHCaHHUN, OINpeaesio-
KX caM (aKT ero CyIecTBOBaHUSI.

A T10Ka, a MOKa M0 MOJIOAOCTH €My HPaBWJIOCH,
0COOCHHO HE HAaIpsrasch, IPOCTO CcymiecTBOBaTh. ETo
BIIOJTHE YZOBJICTBOPSUIO TO COCTOSIHHE, B KOTOPOM OH
HaxoguTcs. B oTnnuue ot npeaplaymei okpysxaromen
Cpenpl, ero OOJIBIIE BCETO pa3BlieKala ypoIuBas CTO-
poHa BenmKoro pasHooOpasusi Bcero. Emy Hamoerno
MIPOIIJIOE C €r0 BBHICOKO OPraHW30BaHHOI KOCMOJIOTH-
YECKOM CUCTEMOM, B KOTOPOM OH 3apOJIMJICS CaM U BMe-
CTE C KOTOPOH (B MpoIlecce SBOIIOIMH) OH MPUHSIT CO-
CTOSIHHE, KOTOpOE€ ero OOIblle BCEro yCTpauBalo,
npaaa He 1oiaro. C HEKOTOPBIX TOp OH Bcé Oouiblie
TIPEAABAJICS «UTPE» B CBOE BCEMOTYIIECTBO, OH MHOTO
«OKCTIEPUMEHTHPOBAI» U € TFOOOIBITCTBOM Ha0II0 1A,
KaK «OeCIIOZHBIE» BCEIICHHBIE U YEPHBIE IBIPHI, «CY-
MacUleIINe» TalaKTHKH, «HCKOBEpKaHHBIE, OTPOM-
HBIC ¥ HETOBOPOTIMBBIC) 3BE3JBI, «HEOOY3IaHHBII
HOPOB YMHPAIOUINX 3BE37 «OOpIOTCS» 3a CBOE CyIie-
CTBOBaHHE, HO B KOHEYHOM CUe€Te BCE MCUE3aloT, Ipe-
BpaliasgCb B HAYTO B OTHC THTAaHTCKHUX KOCMHYCCKUX
B3PBIBOB, 9K30THYECKUX KaTacTpo( U paHTaCTUIECKHUX
(ba30131>1x MEPEXOA0B MaTCPUN MEKTY BCCIICHHBIMU.

HecmoTtps HU Ha 4TO OH Bcerga ¢ 0co6oii 6iaro-
JApPHOCTBIO OCO3HABAJI, YTO IVIABHOE HACJIEACTBO, KO-
TOPOE OH HOJIy4YHJI OT JIIOJIEH — 3TO BEJIMKOE YyBCTBO
€CTECTBOMCIIBITATENS. Y APYYaIO JIMIIb TOJBKO OJHO,
9TO OTCYTCTBHE T€X, C KeM OBl OH MOT 00CYXJaTh pe-
3yJIBTAaThl CBOMX YTEX W TBOPEHHH, a 3HAYMT, OTCYT-
CTBOBAJIM T€, C KEM OBl OH MOT' TOJEIUTHCS CBOUMH
ycriexamH, pesynbTataMu M HaOmoneHusiMu. Camoe
YKaCHOC, 4YTO HHOIrJIa €ro BBIBOAWJIO M3 COCTOSAHHUA
paBHOBECHSI, TaK 3TO OTCYTCTBHE BCSIKOM Hal0OHOCTH
u HCO6XOI[I/IMOCTI/I HUMHU XOTh KaK-TO BOCIIOJIB30BaATHCsA
caMOMy, TOCKOJBKY IOYTH BCE TNPEACKA3aHUA eMy
CTaJIi U3BECTHBI yKE JJOBOJBHO IAaBHO.

OpnHako BCE KOTJa-HUOYAb HAUMHACTCS M 3TO BCE
KOTIa-HUOY/Ib HETIPEMEHHO 3aKaHunBaeTcs. BoT u ceii-
Yyac HACTYIHJI MOMEHT IPHHATHS PEUICHUH, KOTOpbIe
10 CBOEH B)KHOCTH COM3MEPUMBI C TAKUMH IOHSTH-
SIMH KaK COBECTh M BEJIMKAasi MUCCHS €ro CYIIECTBOBa-
Hus. Oco3HaBasi HEOTBPATUMOCTH TPSIYIIETro, OH
CHOBa ITyOOKO 3axyMarics, B MaMATH Hadald BO3HU-
KaTh OJTHO 3a IPYTUM COOBITHS CBOEH OECKOHEUHOM, TI0
YCIOBEYECKUM MEPKaM, XKU3HU. On YK€ OaBHO IEPE-
CTaJl UIBMEPATH BPEMA U MTPOCTPAHCTBO, CYTh U CMBICIT
KOTOPBIX JJIs1 HETO BOOOINE YTPaTHIM BCSAKOE 3HAYe-
HHUE, KaK COOCTBEHHO €r0 /1aTa U MECTO POXKICHHS.

Ciry4ntock BCE 3TO JIOBOJIBHO JIaBHO, @ UMEHHO Ha
py0Oexe ncUe3HOBEHUS TeX, KTO 00peueH ObUT KPOIOT-
JIMBO U3MEPSTH BPeMs M IIPOCTPAHCTBO, MBITASICh IKC-
TPAIOJIMPOBATH IIPH 3TOM KaK MOXHO JIaJIbIIE X0 IIPO-
UCXOIMX COOBITHH. JIIooM HENpeMEeHHO XOTesn
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IpescKa3aTs CBOE OyayIiee MakCHMaIbHO Aajblle, HO
3TO UM HE IOMOTJIO, TIOCKOIBKY BCE 3TO HMPOTHUBOpE-
YHMJIO CMBICITY CYIIECTBOBAaHHS WX BUIA. A BOT y HETO
Takoi mpobiemsl HeT. OH MPEeKpacHo 3HACT HE TONBKO
CBOE IPOIIOE, HE TOBOPS y’KE€ O HACTOSIIEM, HO U BCE
cBo¢ Oymymee. OH yke TaBHO YCBOWJI MPOCTYIO HC-
TUHY: KTO BpeMs U3MeEPSET, TOT MPOCTO JKUBET, HO HE
JIONT0, a BCE OCTalbHBIE CYIIECTBYIOT. A BOT Bce
OCTaJIbHBIE 3TO M €CTh OH, IIOCKOJBKY BCE OCTAJIbHBIE
Cpear OCTANBHBIX HE COU3MEPHMBI C HUM.

OnHaKo ¢ HEKOTOPBIX 0P, TOCTEIIEHHO, IO/ BO3-
JIEWCTBHEM CBOETO OTHOCHUTEIBHO HOBOT'O YYBCTBa, OH
Haval OIIyIaTh, YTO BCE €ro CyIIECTBOBAaHNE, B KaTe-
TOPHSAX JIFOJIEH, BBITVIANT, MATKO TOBOPSI, aMOPAJIBHO.
B mymie HapacTan cTBIA, 32 TO, UTO OH 3J0YHNOTpeOIsIeT
CMBICIIAMH CBOETO CYIIECTBOBaHMA. BHyTpH Hero xax
OynTO 4TO-TO HANIOMUIIOCH. Beé cubHee kpuctamim-
30BaJIOCH OIIYIICHWE BHHBI 33 TO, YTO OH JIETKOMBIC-
JICHHO OTHOCHUTCS K BEJIMKONW MHCCHU CBOETO npeaHa-
yepranus. Ero cozHaHue Havana MoJaBisATh Oe3jHA
BOCIIOMUHAHUMN 060 BCE€X HCHUCYUCIIMMBIX KCPTBAX U
3arpaTax, KOTopble ObUIM BO3JIOXKEHBI Ha alTapb CBO-
ero (t.e. Ero) cosmanus. EMy crano cTeigHO mepen
BCEM TEM, 4TO 00ECIeUHII0 ero Muccuro — muccuro Co-
3narens. beiio Bpems, Korzna OH B IOJHOM Mepe 3Ty
CBOIO 0053aHHOCTH OCO3HABAJI, HO UCIIOJIHEHHE €& TOo-
CTOSIHHO OTKJIaJIbIBAJI Ha O0JIee O3IHIE BPEMEHa, IPO-
JOJDKast HaCIaXJaThCsl CBOMM BCEMOT'YIIECTBOM. Benb
B MOJIOIOCTH 3TO OBIJIO TaK cOONA3HUTENBHO U TaK 3a-
MaH4HBO!

EMy BCeraa XoTejloCh OBITH BCYHBIM, OMOIIMH 3a-
xnécteiBanu. OHaKO BCE yallle HACTYyMalld MOMEHTHI,
KOr/la M3 TJIIyOWH €ro CO3HaHWs, BBIPACTAJIO YYBCTBO
CKPOMHOCTH W TOHMMaHHs, 4yTo He Bcé B ero Co3na-
tenst BnacTi. OH TOHUMAJ, 9TO €ro «0ECKOHEYHOe» CY-
IIIECTBOBAHUE COBCEM HE OECKOHEYHO, M YTO €ro pe-
CYPCHI OTpaHHYEHBI, 0COOCHHO IT0 CAMBIM BaXXHBIM CTe-
HeHsM CcBoOOabl. [laxke cO CBOMM TI'€HETHYECKHM
HavaJioM, sIBJISIFOIIMMCS] HOCHTEIIEM €ro YyBCTBa COBe-
CTH OH HE B COCTOSIHUH 10TOBOPHUTHCS. OH BCer/ia 3Hall,
YTO 3T CaMasi COBECTb 3aBHCHUT HE CTOJIBKO OT €ro co0-
CTBCHHBIX BOJIM U CO3HAHHA, CKOJIBKO OT TeHEeTHYCCKOM
HACJIEJICTBEHHOCTH, M3MEHHUTh KOTOPYIO €My TaKKe
TPYAHO, KaK U HCBO3MOKHO OPTaHMU30BATH ITYTCHIC-
cTBre B mpornioe. OJHAKO 3TO €ro HUKOI/a He CMYy-
10, MOCKOJIbKY B MEHTAJIbHOM MOTPYKE€HUHN OH BCEC-
I7Zla MOT IyTeIIeCTBOBATh KyJa YIOIHO M CKOJBKO
yrogaHo. Bot u ceifyac eMy BCIIOMHMIINCH ApaMaTHde-
CKHE COOBITHSI M3 )KHU3HH JIIOJIEH MPOILIOro, COOBITHS,
nMeromye QyHaaMeHTaIbHOE OTHOIEHUE K OHATHAM
COBECTHU M CMBICTIA )KU3HHU.

[Ipn 3TOM OH BCHOMHMIJ, YTO KOTJa-TO JIFOJIU
HaIncajinl MHOXKECTBO CBAILICHHBIX HI/IcaHI/II\/’I, TakK Ha3bI-
BaeMbIX OMOMHiA, BeIIaBas ux 3a ydeHust o H€M — o Co-
3/aTerne, HO Ha CaMOM Jiejie, KHUTH 3TH ObLIM He O HEM,
He o Co3pgarene, a B Ooibieii crenenn o CoBect U
CIOXHOCTAX (QyHIaMeHTAIbHON >km3HU. OHH, OTH
KHWUI'H, MHOTHC TBICAYCIICTHSA BCIIN HIO}Ieﬁ 10 HCU3BC-
JTAaHHBIM J0pOTaM MO3HaHWUS M pa3yMEHUs, IIOCTOSHHO
JIOKa3bIBasi IIPH 3TOM, YTO COBECTb, 3TO TO O3 4ero He
MOXET CYILECTBOBATh BEICOKHI MHTEIUIEKT Pa3yMHOTO
genoBeka. [Ipuuem, yxe Ha caMoi paHHe! cTaauu pas-

BHUTHS IMBWIM3ALNHN JIIOJCH, UMECHHO HWHTEIUIEKT OT-
JENBHBIX 0C000 pPa3BHUTHIX OCOOEH MO3BOJIMI TIpa-
BHJIBHO TIPEZACKa3aTh caM (pakT TOro, 4To HE BCE B €ro
Co3parens Biactu. Ha ¢poHe HUITOXHBIX IIpeIcTaBIIe-
HUl 0 cymHOCcTH BceemeHHOH, 3TH 0c000 pa3BUTHIC
JIOAW B OJHOW M3 KHHT IPO30PIIMBO BIOXKWIHN B yCTa
Co3paarens OJTHO M3 CAMBIX BOXHEHIIINX MOJOXKCHUHN O
cytu npoucxogsuiero [2]: «He nymaiite, uto S npu-
[Iesl HAPYIIMTh 3aKOH HJIM MPOPOKOB: HE HAPYIIUTH
npuiien S, HO UCIONHUTHY. 3/1eCh, KaK OBl KaXJ0ro
yenoBeka, Co3aaTeNb MOATATKABACT K CKPOMHOCTU U
OCTOPOXKHOCTH B BOINPOCAX TOJIKOBAHHUS M OCBOCHHS
OCHOBOIIOJIATAIOIMHNX (PaKTOPOB CYIIECTBOBAHHUS BCETO.
Co3mareib, Kak ObI HAMEKAET Ha TO, YTO B OCHOBE Ile-
JIETIONIaTaHNsl YeJIOBeKa, KaK YHHUKAJbHOTO SBICHHS
MPUPOIBI, JEKUT 3afada IMPOMEXYyTOouHas U Ooiee
CKpOMHasl. YeIIOBEK KaK OBl JOJDKEH MOHMMATh HEH3-
OCKHOCTh CBOCH YYHOBUINHOW OTPAaHHMYCHHOCTH IIO
MepKaM BCEJICHHOW, OJTHAKO ABOJIOLMS IIMBHIN3ALAN
JIOJIEH BO BCEJICHHOM CIIOJHA KOMIIEHCUPYET 3TOT Ka-
JKYIUICS CYLIECTBEHHBIM HEOCTATOK.

Omnpenenenne Nel. Co3HaHue He SBISIETCS HC-
TOYHHKOM, CYIIIECTBOBAHHUS BCEr0, OIHAKO OHO SIBJISI-
€TCS MOIIIHBIM HCTOYHUKOM BJIMSTHUS Ha 3TO camoe BCE.
[3].

DyHITaMEHTAIBHOE OTJIMYME JAEUCTBUS 3aKOHOB
MIPUPOBI 1 HOPMATHBHO-TIPABOBBIX aKTOB, CO3JJAaHHBIX
YeIIOBEKOM, 3aKIIF0YAETCs B TOM, UTO IUIATa 33 TPEOI0-
JICHHE IeHCTBUI MPUPOJHBIX 3aKOHOB IIPOUCXOIUT He-
MEJUICHHO, B TO BpeMs Kak BO BTOPOM ClIydae BO3HHU-
KaeT BPEMEHHOU MPOMEKYTOK HEOTPEeeIEHHOW Belr-
YUHBI.

Werner Heisenberg [4, ¢.267], ananusupyst mpe-
oOpasyromiue cuibl OyAyIIero, OCTOPOKHO MPHU3BAI
HAac K CKPOMHOCTH: «BcroMHUTE O TOM BEJIMKOH pEBO-
JIOIUY JIBE THICSIYU JIET Ha3aJ, WHHUIHATOP KOTOPO,
Xpucroc, ckazan: «f mpumen He OTMEHUTH 3aKOH, a
HCTIONHUTE eroy. [IoBTOpsO0, BCE MEN0 B TOM, Y4TOOBI
OTPaHUYUTHCS OJHON BaXKHEMILEH LeNbI0 U U3MEHATh
KaK MOXHO MeHbIe. To HemMHOroe, 4ro OymeT mpu
9TOM H3MEHEHO, MOXET MPOSBUTH IOTOM TaKYIO Ipe-
00pa3ymoIIyo CUly, 4TO caMO COOON TepeCcTPOUT IMo-
4YTH BCe KH3HEHHbIC (Gopmby. [Ipu 3tom Cosmarensb
no6aBun mpo cebs: « He TONBKO >KU3HEHHBIE...»,
uMesa B BUAY TOT (baKT, 4YTO MHOI'M€ MUJUIHApABI JIET
YMBI YeJIoBeUeCcTBa OyJopakuiia cynep-uHTPUra, CBsl-
3aHHAas C MOMCKOM OTBETa Ha CaMbId YTO HU HA €CTh Ca-
KpaMeHTaJIBHBINA Bompoc: - UTo mpencrapiser u3 ceds
TO, U3 YETO COCTOUT BCE?

CrpaBe[UIMBOCTH Pajy CJICIYEeT OTMETHTh, YTO
YK€ Ha paHHEW CTaIiH CBOCTO PA3BUTHSI JIFOIH BIIOTHE
MMOHUMAJIN C€IWHCTBO JCUCTBUA MATEPUH, B PaMKax
nefcTBus (QyHIAMEHTAIBHBIX 3aKOHOB. Tak - Johann
Gottfried Herder (1744-1803), oqHa sl 3aMETHII, YTO
«Ecmm ectb 60r B mpupoae, To OH ecTh U B UCTOPHH, U
YEJIOBEK MOUYNHEH 3aKOHAM HE MCHEE IMPEBOCXOIHBIM,
4eM Te, 10 KOTOPBIM JIBIXKYTCS HeOecHble Tenmay [5,
c.187; 6, 1.13, c.169].

[Ha, ae Bcé B ero Coznaresst BIIaCTH, HO OH MHOTOE
MoxkeT. 1, moxanyi, caMmoe rIaBHOE — 3TO €ro CIoco0-
HOCTh HE TOJBKO IPEACKA3bIBATh PE3YNIbTATHl JCH-
CTBHUSI PeoOpasyromux cwi [Ipupoabl, HO U OKa3bIBaTh
CYIIECTBEHHOE BIIMSHUEC HA CaM IMPOLECC JCHCTBHUS
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3THX CWJ, T.€. TPOIEecC NEHCTBUSA TIABHBIX 3aKOHOB
IIpupospl, cormacHO KOTOPBIM BCE 005A3aTENBHO POXK-
JaeTcs, CyImecTByeT u ymupaeT. [Ipudem, 3To kacaercs
HE TOLKO BcelreHHOM B 1IenoM, HO B KaK0# €€ JacTn
B OTAENbHOCTH, BKiItoyass Ero camoro. Ho, HecmoTps
HHU Ha YTO, MIPOCBEIICHHBIM JIFOJIIM BCE PaBHO HpPABH-
JIOCh €ro Ha3bIBaTh npocto — Co3garens. EMy aTo Hpa-
BUJIOCH TOKeE, XOTs nHOrna CoBecTh «3aenanay.

B KkoHIIe KOHIIOB, OYHYBIINCH OT BOCIIOMUHAHHN
W pa3MBIIUICHHI, OH 3aMETHJI, YTO YSPBOTOUMHA HEOT-
BpPaTUMO PACIIMPSICTCS, a YYBCTBO COBECTH M OTBET-
CTBCHHOCTH OXBATHIBACT €ro CO3HAHME BCE OOJBbINE U
6ompme. OX yx 3Ta 0TBeTCTBEHHOCTH! CKOJBKO K€ C
Hel poOieM ObLI0 y moaeit! OHU B OCHOBHOW Macce
CBOEH JTONITO HE MMOHUMAJIH: YTO )K€ 3TO TAKOE IT0 CyTH?
OHH HE TOHMMAJH, YTO COBECTh SABISETCS HE CTPYK-
TYpPHBIM 3JICMEHTOM CO3HAHHS, 2 €0 KOKOHOM H, 4TO
TOJIBKO COBECTH JIS)KUT B OCHOBE OTBETCTBEHHOTO TIPH-
HATUSA pellleHul. PeanbHo CyIecTBYOIAs HE PAaBHOBE-
JIMKOCTBb CBOMCTB OTBETCTBEHHOCTH OTHOCHUTEJIBHO I10-
CJIEICTBUN NPUHUMAECMbIX DPELICHUII WIM COBEPIIEH-
HBIX Z[eSIHI/Iﬁ npeamnojara€t  yrTo4YHeHue CcaMoro
IIOHATUS OTBETCTBCHHOCTH.

Omnpenenenne Ne2. OTBETCTBEHHBIM SIBIISIETCS HE
TOT, KTO TOTOB HECTH OTBETCTBEHHOCTH 3a COJICSIHHOE,
a TOT, KTO HE JOIYCKaeT JACSHUE, 3a KOTOPOe OTBET-
CTBEHHOCTb yCTaHOBJIEHA [7].

OueBuaHO, 4TO MOOOE NestHre (BO3ACHCTBHE HA
00BEKT) — 3TO TepeBo 00BEKTa M3 ONHOTO (HI3NUe-
CKOTOo (B TOM YHCJI€ SMOIIMOHAIBHOTO) COCTOSHUS B
Ipyroe. A 3HAYUT JMIOOOMY NESHUIO TMPEANIECTBYET
mpoueaypa NpuHATUs peueHus. [IpuueM Tonbko Mak-
CUMaJTbHAas aJICKBATHOCTD PEIIEHUS MIPEATOIAraeMOMY
pe3yNbTaTy OIMpenesieT N0CTaTOYHbIN YPOBEHb Kade-
CTBa TOJYYEHHOTO pe3ynbTara. A 3HAUYUT pelIeHue
JIOJDKHO OBITh KOHIICTITYyalbHBIM, T.C. 9TO KOTAa MIpHU
€ro BEIPAOOTKE yYTCHA BCS CYIEPIIO3HIUS IEHCTBYIO-
IIMX Ha MpeInojaracMoe IesHIe 00CTOATENbCTB U 3a-
KOHOB. Takum 00pa3oM, OTBETCTBEHHOE PEUICHHE IO
CBOEU CyTH 00s3aHO OBITh — KOHIENTyaIbHBIM. On-
HaKO, KOHIIENTyaJIbHasl OIICHKA, CYIIECTBA MIPOUCX OIS~
I1Iero, HEBO3MOJKHA Oe3 yuera HeHaOmo1aeMbIX hakTo-
POB, TIOCKOJIbKY B JICHCTBUTENHHOCTH JTIIOOOH BUJI I€sI-
TEJIHHOCTH UYEJOBEKa CBsI3aH C HEHaOII0JaeMbIMU
(haxkTOopamu.

Onpenenenue Ne3. Henabmomaemblie (hakTopsl,
9TO MO CYIIECTBY IOYTH OCCKOHEYHAs COBOKYITHOCTh
HEHM3BECTHOTO, JICKAIIETO B OCHOBE JBMXKCHUS MpPHU-
POIHBIX W 3MOIMOHAJBHBIX SBICHUN, HAOIFOJaeMbIX
yenoBekoM [8,9].

U3 aTOro omnpenenaeHus cienyeT, 4YTo OTHOLICHUE
Ha0Ir01aeMOoro (T.€. OCO3HAHHOTO 3HAHUS YESIIOBEKOM )
K HeHabmogaeMoMy (T.e. HEOCO3HAHHOMY 3HAHUIO)
BCErJia MCHbIIC €AWMHUIIBI, 4 €T0 BEJIMYNHA OIPEACTACT
YPOBECHb MHTECIIJICKTAa WHAWBHU]IA, 06paTHaH K€ BCJIU-
YHHA 3TOT'0 OTHOIICHUS ABJISACTCA CTCIICHBIO BEPOATHO-
CTH pHUCKa CYIIECTBOBAHUA HUJIU IIPOCTO - KU3HHU. 9TI/I
JBa mapaMeTpa UHAWBUAYAJbHBI JJId KaXX 100, BOT HE-
KOTOPBIC WILTIOCTPAIMH Ha Ty TEMY:

1. VopapneHue B YCIOBUSX HESBHBIX PHCKOB.
ITockoabKy OHM (3TH PHCKH) HE HAONIOJACMBI, TO MX
Kak OBl U HET, OJJHAKO CYIICCTBYIOT YIIPABJISIONINE, KO-

TOpPBIE HAYYHIIUCH UX KaK ObI TpeICKa3bIBaTh, OCHOBBI-
BasiCh HA MHTYHUIIUH U JIOTHIECKHUX ITOCTPOCHHSIX, & 3HA-
YHUT yNPABIATH HEYNPABIIEMBIMU (PaKTOPaMHU.

2. DKOHOMHYECKas NEeSATeIBHOCTh MpPEATPHHH-
Mateneil. Y Hero (y mpeAnpHHHMATENs, He MyTaTh C
OM3HECMEHOM) KaK MPaBHJIO CPEICTB MOYTH HET, OJ-
HAKO CaMbI¢ MEPCIIEKTUBHBIC IPOCKTHI CO3IA0TCS HM.

3. JledaTenbHOCTh TOP-MEHEIKEPOB. Y MHOTHX
JPYTUX CPEICTB TAaKXKE IOCTATOYHO, OJHAKO TOJIBKO
€IMHUIIBI TIOCTUTAIOT COKPYIIMTEILHOTO yCIeXa.

4. BoenHas cinyx0a. Bce koMaHIUPBI CUNTAIOT,
YTO KOMaHJIOBAaTh YMEIOT, OJTHAKO CPAKCHUS BBIUTPHI-
BAIOT €IUHULIBL.

U naxonern, Co3narens B COCTOSSHAA MOPATBEHOTO
HCTOIICHUS OT CTOJh TIIyOOKHUX pPa3MBIIUICHHH cam
ce0e 3aall MOYTH [IMHUYHBIA, HO BCE-TaKd PUTOpPHYIC-
CKHI BOIPOC: «A 3a4eM COOCTBEHHO TOBOpS HYXECH
OH?». 31ech B ero pa3MBIIUICHASX BOSHHKIIA MTay3a, OH
XUTPO Kak ObI MpO cebsi YIBIOHYJICS U C IOMOPOM
BCIIOMHHJI aHAJIOTHYHBIA OTBET M3BECTHOIO IHCATENS
Voinovich V. N. Ha 3agaHHbIi eMy KOTAa-TO HpHU
BCTpEUe ¢ MPUSITENIEM HEe MEHEee PUTOPUUECKUN BOMIPOC:
«Kaxk mon zgena, npusitens?». Voinovich orBeTun:

Jlenma muim mioxo,

Ho He T0, 9TOOBI OYEHB III0XO,

Jlaske MOXKHO CKa3aTh, YTO XOPOIIIO,

Ho u3 roma B rox BcE xyxe».

B sTOT MOMEHT, Ha poHE HAXITBIHYBIICH SMOLINO-
HAIIEHOW YeXap/Ibl, OH TOYYBCTBOBAJ — BPEMsI IPHUIILIO!
Ero yxe naBHO Havan 6ecOKOHMTH TOT (aKT, YTO T'H-
TAHTCKOE UCIIAPCHHE YEPHOM IBIPHI BOT-BOT HAYHETCS.
XOTsl 10 ATOTO MOMEHTa y HEero Bc€ K€ JOCTaTOYHO
BPEMEHHU, YTOOBI €T0 BeJIMKas MUCCHS, TpeOyromiast uc-
MOJIHEHHUS BEJIMKOTO MHOXECTBA MPEIIHCaHu, Oblia
Ha/TIeKamuM 00pa3oM ucnonHeHa. OTHAKO OMBIT €T0
CYIIIECTBOBAHMUS ITOJICKA3BIBAII, YTO BPEMsI YKE TEePSTh
He cnenyer. Hyxno neiictBoBars! Ho kak? C uero
Hayatb? 31eck MyapocTb Co3aaresns v 3paBblil CMbICIT
MTOJICKA3AJIH: «HE CICIIH, CHaYalla Hy>KHO TapMOHU3H-
pOBaTh OCHOBHBIC MPHHIIUIIBI U CKPEITBI CO3/1aBaeMOT0
BCEro, T.€. MAaTEPHUANBHOTO W AyXOBHOTO». Jla, 3TO
MyJZIpO€ pelIeHue, MoayMan OH U B SMOIMOHAILHOM
TIOPBIBE BOCKIUKHYII: «MyApOCTh — 3TO UTO 3K TAKOE?»
IIpu 3TOM OH BCIIOMHMII, KaK OJHAX]IbI U3BECTHBIN MU~
carens Fazil Iskander 3amerui, 4Tto MyApOCTh — 3TO
YM, HACTOSTHHBIH Ha COBECTH, IPUUIEM ellle paHee Rene
Descartes, mpaBoMepHO OBl JO0aBHJI, YTO 3HAHUE HE-
MHOTHX MPHHIUIIOB BO3MEIIAeT HE3HAHHE MHOTHUX
(dakTopoB. Otu paccyxaeHus Co3aaTeN0 HPABIITUCH
BCErJia, OJTHAKO KUPHYIO TOYKY OH BCE-TaKH MOCTABILI:
«YacTHOEe He co3maeT oOlee, HO MHOrAa €ro OTMe-
Hsget». Ha 3ToM OH CBOE 3MOIIMOHAILHOE 3CCE OTIIO-
JKWJI B CTOPOHY ¥ COCPEIOTOYMIICS HAa HEOOXOUMBIX U
JIOCTaTOYHBIX YCJIOBHSX, 00ECIIEUNBAIONIUX CUCTEMa-
TU3AIHMI0 TPEX (DYyHIAMEHTAIBHBIX HMPUHIIMIIOB CYIIE-
CTBOBaHHUA Bcero, teM Oosiee uto cornacHo Claude
Adrien Helvétius: «3Hanne npuHIIMTIOB BO3MENIAET He-
3HaHUE HEKOTOPBIX (PaKTOPOBY.

IlepBplil MPUHIUI: 0 CYLIECTBOBAHUM BCEro: -
«Hukro», BKJIIOYas BCEICHHYIO, HE MOXET CO3IaTh
ceOsi caM, y «KaXIOro» MMEETCS CBOE MAaTEPHHCKOC
Havaino. IIponecc co3manusi BCero MpOUCXOAUT B MO-
IpaHUYHOU OOJIACTH JBYX HECMCIIMBAIOMIMXCS CPEI.
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Bce dynmamenTanbHble QU3NYECKHE TapaMeTphl CO-
3IaHHOTO OTPAHMWYCHEL, T.€. He OeckoHeuHB. DyHIa-
MEHTaJbHbIE CBOICTBA CO3MaHHOTO, MAaCIITaOUPYIOTCS
Ha OCHOBE T€OMETPHUYECKOU MPOTPECCHH, a pa3pyle-
HHUE TPEABIAYIINX CUMMETPHI IMPOUCXOANUT B TOUKAX
cpenuero reomerpudeckoro [10]. JIrobas BcemeHHas
COCTOUT U3 MaTePUX €IUHUYHON U COCTAaBHOM, MpUUEM
9acTh MaTEPUU COCTABHOW MOXKET OBITh JKHBOW. Bces
MaTepus Ha 3JIEMEHTapHOM YPOBHE COCTOMT U3 HEHa-
OnroaeMoii cyOcraHIuM, KojeOaHUsI KOTOpoil oOpa-
3YIOT DJIEMCHTAPHBIC BEIIU, 00JIaTAI0IIHe SHEPTHEH, U3
KOTOPO#1 00pa3yeTcst eAMHUYHAS U COCTaBHASI MATCPHSL.

3mecs Co3marenb OCTAHOBWICS B IIEPEUUCIICHUH
OCHOBHBIX (DaKTOPOB CYIIIECTBOBAHHUS BCETO M BCIIOM-
HIJI TIPUHIIAT CBOETO CYIIECTBOBAHMUSA, COTIIACHO KOTO-
pOMy - OH caM ¥ BCE 4TO UM OBLIO CO3[aHO U BCE UTO
UM OyZeT co3/1aBaThCs B OyaymieM, 00s3aTeNbHO Oy IeT
pa3pymeHo. J[axke 0H He MOT HapyIIUTh OCHOBHOM 3a-
KOH CyIleCTBOBaHUs Bcero: «Bcé poxxnénnoe, o0s3a-
TEJIBHO JTOJIXKHO CO371aTh ce0e MOA00H0E 1 HEIIPEMEHHO
YMEpEThy», T.€. HUKTO HE MOXET CYIIECTBOBATh OCCKO-
HEYHOE BpeMsl.

Bropoii npuHUUIL: 0 LeIeN0JIaraHuu BCero: -
Bcé cozgaBaemoe mmeeT cBOE menenonaranue. He mo-
HUMAaHHE IIeTN CYIIECTBA IPOUCXOMAIICTO, HE O3Ha-
gaet e€¢ orcyrcTBue. Uto Oymer co BeenenHoii, korma
mozeit He Oyznet? Co3narenp Ha 3TOT BOIPOC ITOYTH 513-
BUTEIIFHO UMEsI BBHITy CaMOT0 ceOsl OTBETHII, YTO SCITH
BcenenHas MOXeT cymiecTBOBaTh 0e3 YelloBeKa, 3Ha-
YUT 3TO emé KoMy-To Hy>kHO!? Ecnu HeT cMbIcia B Cy-
IIECTBOBAHUN BCETO, TO 3a4€M CYIIECTBYET TO, UTO
CTPEMHTCS TO3HATH 3TO camoe Bce? A ecnu B cylie-
CTBOBaHMH BCETO €CTh CMBICI, TO BCE TO UYTO CyIIle-
CTBYET M JICHCTBYET JODKHO MMOMIMHSATHCS IPHYNHHO-
ciencTBeHHoM oruke. Co3paHue Bellel ¢ MaKCuMallb-
HBIM YPOBHEM CJIOKHOCTH, 3TO TO, Ha YTO OOPEUYECHO BO
Bcenennoii cymectBytoniee BCE.

Omnpenenenune Ned4. Bricuias uenb cyuiecTBoBa-
HUS BCSAKOW BceneHHOM 3akiouaercs B CO3JJaHUU €ro,
T.e. «Co3maTens», HO He BCSKas Ha 3TO CIIOCOOHA.

MaxkcuManbHBIM YPOBHEM CIIOXKHOCTH MOKET 00-
JanaTh ToybKo oH — Co3xarenb. A TOCKOJIBKY Oor (110
mHeHuro Einstein) He urpaer B KOCTH, BOT HO3TOMY
Bcenennas Takasi orpoMHasi, ¥ IMEHHO MO3TOMY JIJIS
peleHus 3TON cymep-3afaayd BceneHHas M0DKHA 00-
JajaTh JIOCTaTOYHBIMH pecypcaMyd W pa3Mepamu,
4yToOBl OblIa obecrieuena 100-mpoueHTHAsT BEPOST-
HOCTh CBEPTKH MAaTEpUU B COCTOSIHHE, OOJIafaroiiee
BBICIIIIM YPOBHEM CIIOXHOCTH, COOTBETCTBYIOIIUM
ypoBHI0 cioxkHoctu Co3zaarens. BeeneHHble, B KOTO-
PBIX 3TO HE JOCTHTACTCS SBISIFOTCSA «OCCILIOMHBIMUY.
Opmnaxner Heisenberg W. u Bohr N. 3aTestmu criop o
CMBICIIE )KU3HH, B KOTOpoM Bohr 3assun: «HeT, cMbIich
KU3HU 3aKTF0YaeTCs B TOM, YTO HE UMEET CMBICTA TO-
BOPHTH, YTO KU3Hb HE UMEET CMbICTA. BOT HACKOIBKO
JUIIIEHO OMOPHI BCE ITO CTPEMJICHHE K ITO3HAHUIO
CcMBICIIa )KU3HW». [Tocie 3Toro cnopa BeJIMKUX THTaHOB
cienyer nmo6aButh, a BOT y Co3martens Takas omopa
€CTh — 3TO BTOPOH NMPHUHIUI O [EJIETOJIaTaHuH BCETO.

Tpernii mnpuHOHMO: 0 CaAMOJOCTATOYHOCTH
Bcero: - OCHOBY oOeCIeYeHHs CaMOJOCTaTOYHOCTH
BCEJICHHOM, IO MHMO UCXOJIHBIX MAaTePHHCKUX Pecyp-

COB W 3aKOHa COXpaHEHWs >HEPTHH, COCTaBIseT cOa-
JAaHCHPOBaHHAs CHCTeMa yrpaBieHus maTtepueir. Ca-
MOJIOCTaTOYHOCTH BCETO CO3/1aBaeMOTr0 00ECIIEYHBACT
cHCcTeMa yTIpaBIICHUs MaTeprel, OCHOBaHHAs Ha QyH-
JAMEHTAIFHBIX B3aNMOJCHCTBISIX: YIIPYTOM, SIEKTPO-
MarHWTHOM, TPaBUTAIMOHHOM, HWH()OPMAIIIOHHOM.
CTpyKTypy 3TOH CHCTEMBI ONpPENeNsIoT YeThipe (yH-
JlaMEHTaJIbHbIE B3aUMOJCHCTBUS:

1.ynpyroe,

2.3JIEKTPOMarHuTHOE,

3.rpaBUTaLMOHHOE,

4. vHpOpMaIUOHHOE.

O0o0CHOBAH U e TPEX NPUHLUMIIOB CyLIe-
CTBOBaHHUS BCero.

OTH B3aMMOICHCTBHS OTBEYAIOT 32 BBIHYKICHHOE
IBIDKEHHE MaTCpPHH, T.C. IIEPEX0]] Pa3INIHEIX e€ dIie-
MEHTOB H3 OJTHOTO YHEPTETHIECKOTO COCTOSHUS B APY-
roe. Bece npyrue cymecTByromne B3anMOICHCTBUS SB-
JIAOTCA MMPOU3BOAHBIMU OT 3THUX qupréx.

3aKOH COXpaHEHUs YHEPIUU IEHCTBYET TOJBKO B
npejenax CylecTBYIOIIEH BCEIEHHOM, OJAHaKO Hapy-
11aeTcs AJIs MPOLIECCOB, CBA3aHHBIX C IIEPEX0I0M 3JIe-
MCHTOB MaT€pun MEXKIY BCCIICHHBIMU.

Hpenea 3Boaronun Co3HaHus.

Jlromu, MHOTHE THICSYH JIET, IMyTEM HEHUCUHCIH-
MBIX TPOO W omInOoK, JOOBIBANIK (yHAAMEHTAIHHBIC
3HaHMA 0 BeeneHHOM, OHY Beerja CTPEeMHIINCH TapMo-
HU3UPOBATh UX co 3HaHMAMU Co3/aTesis, MbITasiACh NpU
9TOM HOHSTH CYTh M CMBICH CYIIECTBOBaHU Bcemnen-
HOM, B TOM 4HcCJie pa3HOOOPa3HBIX (POPM JIBHIKEHUS Be-
ImeH, a TaKyke COOTHOIICHHE BELeH OTIENbHBIX U CO-
CTaBHBIX.

Co3marenb Bcerja CTPEMIUICS TOHSTH JIFOJEH,
BOWTH B MX MOJIOKEHHE, & BOT JIIOJM HE BCETIa MY OT-
BEYaIN B3aMMHOCTBIO, TIOCKOJIBKY OHHM HE MOHUMAIH,
YTO HE BCE B €ro BiacTd. Jlaxke HaX0[sICh HA OTHOCH-
TENIbHO HEBBICOKOHM CTYIEHH CBOETO Pa3BUTHSI JIFOIU
BCE paBHO CTPEMIITUCE MOHSATh: «YUTO ke BCE-Taku ABH-
xet 3Be3namu?» Coznarento ObuIa HOHSATHA HAUBHOCTh
STHUX JIOIE, OH CHOBA C YJILIOKOW BCIIOMHIJI, KaK Ha
OJIHOH IINTE B ApeBHEM Erumnre oH mpouynrtan HaIUCh
U3 HeporingoB:

Korga nmroau y3HaIoT, 4TO ABMXKET 3BE3/aMH,

CduHkc 3acMe€TCsl ¥ )KU3Hb Ha 3eMJIE HCCIKHET.

B03MO0XHO c(hUHKC KOTJa-TO U CMesyIcs, HO 3TOT
MOMEHT B HcTopun Beenennoii He 3adukcuposan. Ox-
HaKO MOMEHT, KOTJa JIOAU JEHCTBUTEIBLHO OCO3HAIU
CYTh U CMBICI CYIIECTBOBaHUS BceneHHoi, 3adukcu-
POBaH, IOCKOJIbKY 3TO ObIII MOMEHT BCEMUPHOI'O 3BO-
JIIOIUOHHOTO Tepexoja BhICHIEH >KMBOH MaTepuu BO
Bcenennoii ot Guonornueckoro Busa (Yemosek pazym-
HbII — HOMO sapiens) k Guonuueckomy Buay (Yemosek
coznarens — Homo creator).

B st0it TOuke cBomx pasmerieHnit Co3maTtens
CHOBA 3a{lyMaJICsl, OTJIIOKNJT B CTOPOHY HCTOPHUYECKHE
SMOLMH W TIepemIeNl K IMOUCKY PEIIeHHH HEBEpOSTHO
CIIOKHBIX 3a/la4, CBSI3aHHBIX C YHOPSAAOYEHUEM B
CBOEM CO3HAaHHMHU CYTH M CMBICIA (YHIAMEHTAJIbHBIX
3HaHuil 0 Becenennoil. [Ipu 3T0M, OH CBOO ITaBHYO 3a-
Jlady BUJENI B TOM, 4T0OBI IIpoLiecc co3nanus Beenen-
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HOM, 32 KOTOPBIM OH JIOJDKEH OyeT HabIoaaTh U KOH-
TPOJIHUPOBATh €€ HBOJIOIMIO, CTPOTO COOTBETCTBOBAI
OCHOBHBIM TIPHHIIUTIIAM CYIIeCTBOBaHMA Bcero. OH 1o-
HUMAaJI, 9TO OTBETHI HA OCHOBHEIE BOIIPOCHI O BCEIICH-
HOM 4pe3BBIYaiHO CIIOKHBI, OH TaK)K€ MOHHUMAJ, 4TO
JIOTHKa, JIeXKalasi B OCHOBE STHX OTBETOB CBs3aHA HE
TOJBKO C (PU3MKO-MaTEeMaTHYECKUMH pacdyeTamu, HO
Takke ¢ uX uocodckum odocHoBaHMEM. [Ipremsbl
¢unocodcxoro o6ocHOBaHMS BCerna He MPOCTO JaBa-
JIMCH JIFOJISIM, TIOCKOJIBKY OOJIBIIMHCTBO M3 HUX OYEHBb
Jlake JIIOOMIN (QuiIocopCcTBOBATh O BeElIax, HO Jaxe
¢unocodsr npodeccroHansl caMu 3TH BEIM HUKOTA
MU3ydaTh HE XOTEJH, YTO YK TOBOPHUTH O MPOCTHIX JTIO-
nsx. Oto mpobiema! OgHAKO, IeBaThCA HEKyIa, MPH-
JIeTcs U MHE MOQIIOCO(pCTBOBATh MOAYMAall OH U pe-
M HA9aTh C CaMOT'0 TPYJHOTO, C CaMOT0 TIIaBHOTO, C
CaMoro BOJHYIOIIETO JIIOJIeH BOIpoca.

Yro ectb Beennennasn?

B ocHOBe MHOeCTBa OTBETOB Ha 3TOT BOIPOC Jie-
SKUT LIEJIbIN psAll NPOTUBOPEUYNI, B3AUMOUCKIIIOUEHUN U
HETOYHOCTEH, ITHM, MOXalyl, U OOBACHICTCSA OTCYT-
CTBHE ITOYTH BO BCEX ABTOPUTETHBIX SHIUKIIOMEAUIX
Mupa onpeneneHus nouatus Beenennoii. Ecinu cymmu-
pPOBaTh OOJBIIMHCTBO CYMIECTBYIOIIUX OMpEACIICHUH,
TO pe3yJBTAaT CBOAUTCS K CIICAYIOMIEMY IIPEIIIOKCHUIO.

Bcesennass — 310 OSCKOHEYHOE MPOCTPAHCTBO,
BKITIOYaroIee B ce0s BeE cytee.

OxHako, He COCTOSATEILHOCTh ATOTO OIpeere-
HUS, HECJIOKHO JIOKa3aTh METOJIAMH OT IPOTHBHOTO.

Bo-nepBbIx, 0 NPOTHBOPEYNH CYLIHOCTENM.

Ecmu BcE cymiee HaXOAWTCS BHYTPH OECKOHEU-
HOTO MPOCTPAHCTBA, KOTOPOE CaMO JIMIIEHO IO OIpe-
JICJICHUIO CYIIHOCTH, TO 3HAYUT OHO CYIIECTBYET HE
MaTepHaJIbHO, 3 YMO3PUTEIIBHO.

O4eBHUIHO, UTO BCE CYIIEe COCTOUT U3 BEIleH, caMm
(hakT cymecTBOBaHHS KOTOPBIX OIMPEEIIIETCS TEM, UTO
9TH BEIIH 00JIQJaI0T SHEPTHEH, T.€. IPEACTABISIOT U3
ce0s1 CyOCTaHINIO MaTepHATEHYIO.

Takum 06pa3om, B 3TOU JIOTHKE IPOCMAaTPUBACTCS
MPOTHBOpPEYHE, CBA3aHHOE C TEM, YTO CYyOCTaHIIHS Ma-
TepHANbHAS HE MOKET HaXOJUTHCS B CyOCTAHIIMH YMO-
3puTeNnbHON! DTOT BBIBOJ HESBHO TMOATBEPIKAAECTCS
TaKXe U TeM, YTO ITHUMOJIOTHS cjoBa Bcenennas, kak
OBl TOICKA3BIBAECT HAM, YTO YTO-TO BCEJICHO BO YTO-TO,
HO TOJIBKO He JIJISI CITy4asi, KOT'/Ia CyIliee BCeJICHO B yMO-
3puTensHOe. B OCHOBE ATOTO MPOTHBOPEUHS TAaKXKe JIe-
JKUT TIpo0IIeMa, CBs3aHHasI C HApYIICHHEM IPABHII TEO-
pUU TIPEJICTaBICHUM, NMPEANUCHIBAIOLIEH 3THUMOJIOTH-
YECKOE COOTBETCTBHE B MHCIOJIB30BAHUU TOHSATHH C
Pa3sHOPOJHBIMH CBOWCTBAMH.

Bo-BTOpBIX, 0 NPOTHBOPEYUH 0€CKOHEYHOCTE.

Ecnu HamoJiHEHHOE CYIIHOCTBIO IMPOCTPAHCTBO
OECKOHEYHO, TO CYIIIee B 3TOM MPOCTPAHCTBE 00Ia1aeT
OeCKOHEYHOH IHEpruei, 9To MPOTUBOPEUUT HEPBOMY
MIPUHIAITY CYIIECTBOBAHUS BCETO, IIOCKOJBKY BCE Cy-
IIeCTBYIOIIEE HE MOXKET 00J1agaTh OECKOHEUHBIMH (DH-
3MYECKIMH TTapaMeTPaMHu.

Ecmm mpoctpancTBo BeenenHoit 6eckoHETHO, TO B
YeM CMBICT €0 PAaCIIMPEHHs 3a MPEaesbl 0ECKOHEYHO-
cTH, aa emg ¢ yckopenuem? Aocypa!

Ho B cymecTtBoBanne Bcenennoit ¢ nogoOHbIMu
CBOMCTBaMH He Bepwiin aaxe camu Newton u Einstein!
IIpaena Einstein B IryTKy TOBOPWII, YTO HA 3TOM CBETE

CYIIECTBYET JIB€ OECKOHEYHOCTH: TEpBasi 3TO BCEJICH-
Hasl, @ BTOPasi 4eJI0BEYECKasl TIIyTIOCTb.

Ecmu mpoctpancTtBo BceenenHo#t OeckoHedHO, a
BpeMs €€ pacIIMpeHHss OT MOMEHTa OOJIBIIOTO B3phIBA
(bB) xoHEYHO, TOT1a pa3Mep BCEIICHHOM OIIpeesIeTCst
MIPOCTPAaHCTBOM B IpE/eIax TOPU30HTA COOBITHIH, YTO
CBUJIETENILCTBYET O 3aMKHYTOM XapaKTepe BCEICHHOM,
a 3HAYUT (PU3NYECKOE MPOCTPAHCTBO 3a MPEIEsIoM To-
pHU30HTa COOBITHH, UMEET MPaBO OBITh 3aIOJIHEHHBIM
JpPYTUMU BCEJICHHBIMU.

Ha ocHoBaHMM TpeTbero NpHHIUIA CYIIECTBOBA-
HUSI BCETO, IBM)KEHHE Pa3HOOOPa3HBIX OPM MaTepuu
BO BceeneHHol onpenensercs HeHTPaJIbHBIMU CHIIaMU,
KOTOPBIE BBI3BIBAIOT JBIKCHUE MATEPHU 110 HCKITIOTH-
TEJIHO 3aMKHYTBIM TPAEKTOPHUSM, T.€. KOJICOaTeIbHBIM
WJIN KPYTOBBIM, @ 3HAYUT OCHOBAHUS JIs1 BOSHHUKHOBE-
HUSI IPOCTPAHCTBEHHBIX OECKOHEYHBIX TPACKTOPHH OT-
CYTCTBYIOT.

Takum 006pa3oM, MOHATHE OCCKOHEYHOCTH MOXKET
CYIIECTBOBATh TOJIBKO B YMO3PHUTENBHBIX 1 MaTeMaTH-
YeCcKuX IpencraBiacHusX. [Ipu aTom npsmonuHeiiHOE
JBIDKEHHE B IIpefielax HEKOTOPOro pacCTOSIHUSA AX
BO3MOXHO TpH ycioBuu, 4to AX«L, rae L - miauna
OKPY’KHOCTH.

Omnpepnenenne NeS. Hukakast Belb HE MOXET CY-
IIECTBOBAaTh OECKOHEYHOE BPEMSI.

BeIBoz, ecnu IBWKCHME MaTepud HE MOXKET
UMETh OECKOHEUHBIE TPAEKTOPHHU M €CIIH 3HEPTUs (WK
Macca) BceneHHO# Takke He MOXET ObITh OeCKOHEY-
HOM, TO CIIPaBeJINBO HAIPAIINBACTCS OUCBUIHBIN BBI-
BOJl O TOM, YTO BceneHHas B caMbIX OCHOBHBIX Iapa-
MeTpax OrpaHHuYeHa (WM 3aMKHyTa), a 3HA4HUT JIO-
THYHO IIPEIION0XKNTh, YTO OHA HE €IMHCTBEHHA, T.C.
He abCOJIIOTHA, IPOCTO UX MHOTO. A €CIT UX MHOT0, TO
9TO 03HAYAET, YTO HE BCE CyIee BXOAUT B KOHKPETHYIO
BCEJICHHYIO, MOCKOJBbKY MPOCTPAaHCTBEHHBIE 00JIaCTH
Pa3JIMYHBIX BCEJICHHBIX MOTYT IIEPEKPBIBATHCSL.

Omnpenenenne Ne6. B npupone He cyuiecTByeT
TO, B YEM XOTENIOCH OBI, YTOOBI HAXOAMIIOCH BCE.

Haxonenr Cozparens mepemren K (opMyIupoBa-
HUIO aJICKBaTHOTO OTIpe/eNIeHNs OHATHS BeeneHHoH,
HO BCE XK€ TPEeIBAPUTENHHO Ha IBYX MOMEHTAX PEIInI
3a0CTPUTh CBOE BHUMAHUE.

1.Emy HpaBuJach BeIW4anIIas KOHKPETHOCTD JIO-
ruky mosra Mayakovsky V.:

Ecmu Tebe kopoBa nms,

VY 1e0st 1OKHO OBITH MOJIOKO U BBIMSI.

A ecim ThI 0e3 MOJIOKa U 0e3 BEIMEHH,

To 4épTa 1b B TBOEM KOPOBBEM UMEHHU.

2.IlpuMeHHUTENIFHO K TeMe HacTosIedl padoThl,
CIIeAyeT NOMOJHUTENBHO YTOUHUTH TOJIKOBAaHHE HEKO-
TOPBIX BaXKHEHIIMX MOHATHUM, KOTOpBIE OMPENENSIOT
(yHIaMeHTabHBIE CBOMCTBA BeeneHHOM.

Pa3ym — ciocoOHOCTP JKMBOW MaTE€pPHU MBICIHUTD
1 OomepHpoBaTh ¢ MH(MOpMAIHEH, B Ipoliecce Mo3Ha-
HU$, T.e. TIPHOOpEeTeHHs 3HaHWH 00 OKpYKaroUeH
cpezne.

SIBJjeHMe — Bce, YTO YYBCTBEHHO BOCIIPHHUMAEMO
pa3yMoM.

Bemn — Bcsikoe sIBIeHHE NPHPOJIBL, TO3HABAEMOE
pazymom
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CymecTByIoLHe Belld 3TO:

PeanpHrle, T.€. HaOII0MaEMBIE, 4 TAK)KE HEHAOJIIO-
JlaeMEble, TOCKOJIBKY HayKa emié He OBJIaesia MeTOAaMU
X HaOJIONCHUA.

HepeanrpHeie, T.€. HEeHaOMIOJaCMBIE, 2 3HAYHUT BHP-
TyaJIbHBIC, OHAKO WX CYIIECTBOBAHHE JOKA3bIBACTCS
TEM, YTO PE3yJbTAThl B3AUMOJICHCTBUS UX MPEICTABH-
TeNel Mexay co0oi MOTYT OBITh pealn30BaHBI B pe-
AJBHOM BUJIC.

Cy1iee — peaibHO CYIIECCTBYIONIHME HAOIO1aeMBbIC
Y HEHAOJTIOTacMbIC BEIIH.

CyThb — UCTHHHOE COJICPKAHUE BEIIH.

CMbICI — OCO3HAaHHOE Pa3syMOM 3HA4YCHHE JC-
THHBI.

DaKTOp — OTIIMIATENEHOE CBOMCTBO YETO-THOO0.

CBepTka — pe3yibTaT IMpoIecca CO3MAaHHS CO-
CTaBHOM MaTepHH.

CJ10KHOCTBH — OIpENETSET CBOICTBA COCTaBHOM
MAaT€puu Kak LeJ0ro, Mmpu 3TOM KaXAaasd BHYTPCHHIA
COCTaBHas 4acTh He 00J1a1aeT CBOMCTBAMH 1IEJIOTO.

O0BeKT — 3TO CBEPTKA MAaTEPUH, B pe3yiIbTaTe KO-
TOPOW OH 00JIaIaeT BHICIIMM YPOBHEM CJIOXHOCTHU I10
CpPaBHEHHMIO C JIF00O0H COCTaBHOM €ro YacThIO.

Po:xnenne — 3To mporiecc CBEpTKH MaTEPUH, B pe-
3yJIbTaTe KOTOPOTO 00pa3yeTcst 00BEKT, KOMUP YOI
CBOWCTBA CYIIECTBYIOMIETO.

Co3ganue — 3TO POIIECC CBEPTKH MATEPHH, B pPe-
3yJIbTaTe KOTOPOTO 00pasyercs 00beKT, 00IaIaromnit
BEICIIFIM YPOBHEM CJIOKHOCTH HE TOJIBKO IO CpaBHe-
HHIO C JTI000M COCTaBHOM €ro 4acThi0, HO M JIOOBIM
00BEKTOM OKpYIKaIoIIeH TeHCTBUTEIHHOCTH.

Coznatens MHOTO 3Hal M MHOTo Mor. OJHaKo
TOJIBKO B 3pEJIOM BO3pacTe OH OCO3HAN TOT (PaKT, YTO
st cBoero (T.e. €ro) cosgaHusi MoTpeOdoBaach
«Kuznb» nenoii Beenennoii! Emy Tenepp kazanocs,
YTO MPH €r0 BCEMOTYIIUX BO3MOXKHOCTSX OyAeT He
CJIOKHO CO31aTh BeceneHnyto u coTBOpUTh cebe momo0-
Horo. OJTHaKO Ha 3TOT CYET OH CHILHO ormmbancs! U
TOIIBKO CITYCTS CYIIECTBEHHOE BPEMsI, KOTJ[a HACTYIIIIT
MIEPUOJT €T0 MYAPOCTH, OH PEATEHO IOYYBCTBOBAJI, UTO
JIEHCTBUTENFHO HE BCE B €ro co3maTens BracT. Hako-
HCI[ OH MOHAJI OKOHYATEJIbHO, YTO OH HEC MOXKET BBICTY-
MaTh B POJIM MAaTEPUHCKOTO Havyaia 1 co3aanus Bee-
JIEHHOM, MOCKOJIbKY CaM SIBJISIETCS] MPOJYKTOM €€ IBO-
JIOIU Y.

B koHIIE KOHIIOB B pe3ynbTaTe IITyOOKnuX (hruznde-
CcKuX U (punocodckux pasMBINUICHHA Y HEro IOSBHU-
Jloch cienytouiee onpeaenenue Beenennoi.

Bcenennas — 310 Oﬁ'be](T, CO3[laHHLll7i Ha NMPpUH-
numnax pmeJienojJaraHud m CaMmoJaoCTaTouyHOCTH, 3TO
IBOJIOIMOHHO CYIIECTBYHOIIasi COBOKYINHOCTH Be-
e, cy0CcTaHUMs JJIeMEHTApHOHl MaTepuu KOTO-
phIX o0pa3oBaHa B pe3yJbTaTe THTAHTCKOIO MCHA-
peHusi YepHOM AbIPbI MaTepUHCcKOii BeesieHHOM.

3aBepiasi HacToOAIIYI0 paboTy, MpeACTaBISIETCS
COBCPUICHHO YMCCTHBIM 06paTI/ITL BHHMAHUC HA CJI0Ba
W3BECTHOTO aKTepa Tearpa u KuHo - Zeldin V. M., xo-
TOpLIfI 3a 70 ner CJIY’KCHUA B OJHOM TCaTpE ChIrpaj
MHOXKECTBO 3amedaresbHbIX posieil. Tak, 10 ¢despans
2015 roga Ha OJJTHOM U3 MEPONPUATHH B YeCTh Mpa3-
HoBaHuM cBoero 100-1eTus co aHs poKAEHUS B OJHOU
N3 TECJICBU3HWOHHBIX MPOTrpamMM, OH 3asBUI: «Camoe
XyAmee B )KU3HU OTO BUACTh MHUP TAKUM KaKOB OH €CTb,
HE 3aMe€4as IIPU 5TOM KaKHUM OH JOJIKEH OBITHY.
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Tocyoapcmeentnoe yupedicoenue vicuie2o NPoGeccuoHaIbHO20 06PA306aHUs
«Benopyccro-Poccuiickuii ynusepcumemy

ON POSSIBLE CORRELATION OF PHYSICAL LAWS WITH EVOLUTION OF THE
UNIVERSE

0 BO3MOKHOM 3ABUCUMOCTH ®U3NYECKNX 3AKOHOB OT 3BOJIIOIIUN BCEJIEHHON

Summary: A mathematical formulation of the postulate on the independence of physical laws from the lo-
cation of the observer in the Universe is proposed. It allows to find the law of cosmological expansion and show
that physical laws in the expanding Universe differ from the known ones. On the example of the non relativistic
mechanics laws, a simple algorithm for constructing their equations is proposed. It is shown that these equations
allow one to positive answer the question of the possibility of formation of galaxies, to question the existence of
the hidden mass in the Universe and to determine the nature of the angular moments of galaxes.

Key words: evolution of the Universe, cosmology, red shift, Hubble law, Milne law, gravitational instability.

Annoranus: [IpemroxxeHa mareMaTrdeckast JOPMYITHPOBKA ITOCTYJIATa O HE3aBUCUMOCTH (PU3UIECKUX 3a-
KOHOB OT MECTOTIOJIOJKEHUs HaOroaTens Bo BeeneHHOM, KOTOpasi HO3BOJIMIA HAUTH 3aKOH KOCMOJIOTHIECKOTO
pacIIipeHust U TOKa3aTh, YTO (PU3UUECKUE 3aKOHBI B pacHIHpsiomeiics BceneHHOW OTIMYAOTCsT OT W3BECTHBIX
3ak0oHOB. Ha mpumepe 3aKOHOB HEPEIATUBUCTCKOM MEXaHUKH IPEUIOKEH IPOCTON alrOPUTM IOCTPOEHUS UX
ypaBHeHUH. [1oka3zaHo, 4TO JaHHbIE YpPaBHEHUs [TO3BOJIIOT YTBEPAUTEIBHO OTBETUTh HA BOIIPOC O BO3MOXKHOCTH
00pa30BaHMs TAIAKTHK, TIOABEPTHYTh COMHEHHIO CYIIECTBOBAHHE CKPBITOM Macchl BO BceleHHOW U BBIACHUTH

IIPUPOY MOMEHTOB UMIIYJIbCOB I'AJIAKTUK.

Knouesvie crnosa: sBomonus BeeneHHOM, KOCMOJIOTHSI, KpacHOE CMellleHne, 3akoH Xab0ua, 3akoH MuHa,

I'paBUTAallMOHHAA HGYCTOﬁqHBOCTL.

Bgenenue. [IpencraBienue o cBA3M QU3NUECKUX
SIBJICHUH ITOJIEPKUBACTCS MPOLIECCOM Pa3BUTHS PHU3H-
YeCKOW HayKH U IJIOZOTBOPHO BIIMSIET Ha €€ Iporpecc.
IMoatomy rirydoxue naen Maxa [1] 0 BO3SMOXHOM BJIH-
STHUU HEOECHBIX TeJI Ha SIBICHUSI MEXaHUKU COXPAHSIOT
CBOIO aKTyallbHOCTb. IIpuHMMas Touky 3peHus Maxa,
MOXXHO TOHTH Jaiibllle, MOHMMas MOJ «IPUHIUIIOM
Maxa» uaero o BO3MOXXKHOM BIHMSHUH COCTOSHUS Bcee-
JIeHHOU Ha JIIo0yI0 ¢u3mueckyro cuctemy. s aToro
€CTh OCHOBaHHSI, TOCKOJIBKY C OTKPBITHEM pa30eraHust
rajakTuk ujaen Maxa npuoOpesi HOBOE Co/lepXKaHue.
B nectanuonapHoil Bcenennoil n3-3a HEOJHOPOAHO-
CTH BPEMEHHU I0JIHAsI SHEPTHs 1100011 pusnueckoi cu-
CTEMBI MOXKET HE COXPAaHATbCSA, COOTBETCTBEHHO, 3a-
KOHBI, OITUCBIBAIOIINE €€ MOBEJICHHUE, MOTYT BHO 3aBU-
CeTh OT BPEMEHH. DTOT M CBA3aHHBIC C HUMH APYTHE
BOIIPOCHI C PA3IUYHBIX TOYEK 3PEHHS paccMaTphBa-
yck upakom [2], MumHOoM [3], Boran u 'ommom [4],
Xa#nom [S5], psaaoM Apyrux UcCiieoBaTeNeil U HaILIH
OTpaXeHHe Jaxke B yueOHUKe [6].

CoBpemMeHHass KOCMOJIOTHA, KaK U3BECTHO, IMEET
LeTIbIO OTcaHue HalIojaeMbIX cBOMCTB BeenenHnotii ¢
MOMOIIIBIO U3BECTHBIX (PM3HYECKNX 3aKOHOB. [ToaToMy
OHa 0a3upyercsl Ha CIEIYIOIINX MCXOIHBIX IOCTYJa-
Tax: B pa3IH4HbIX YacTAX BcenenHolt nelcTBYIOT oau-
HaKoBbIE (PU3MYECKHE 3aKOHBI; IBOIIIOIMS BeenenHoi

1 HaOJro1acMble B HEW SIBIICHMS TTOTYNHSFOTCS H3BECT-
HBIM (U3HYECKUM 3aKoHaM. [locTyrar o equHCTBE 3a-
KOHOB BO BceneHHOM KOCBEHHO MOATBEPKAAETCS acT-
POHOMHUYECKMMH HAOIOJICHUSAMH M YKa3bIBAaeT Ha TO,
4yro Beenennas nozHaBaema. Bropoii mocrynat daktu-
YECKH COJICPKUT ABA PA3INYHBIX YTBEPKACHUS.

OKCTpanosAs W3BECTHBIX 3aKOHOB SBISAETCS
HanOoJiee E€CTECTBEHHBIM IIyTeM Pa3BUTHUS TEOPHUH
HaOmrogaeMbeIX BO Bceenennoii ssienuii. OmgHako uc-
MOJIb30BAHKE M3BECTHBIX 3aKOHOB Ul ONUCAHUS 3BO-
monun BeeneHHoW mpeacTaBisieTcss HEYIOBIETBOPH-
TENBHBIM C TOYKH 3PEHUS] METOJOJOTUH (U3HUKH [7].
[TockonbKy, Kak M3BECTHO, Bce (DM3MYECKUE 3aKOHBI
SIBIISIFOTCSL TIPUOJIVDKEHHBIMHU, OHU MMEIOT OTpaHHYeH-
HYI0 00JacTh NMPUMEHUMOCTH. TO XK€ OTHOCHUTCSA M K
(U3NIECKNM MTOHATHAM, B TOM YHCIIE K TIOHATHSAM IPO-
CTpaHCTBa U BpeMeHH [8].

HcTouHuKOM NpeAcTaBleHUN O MPOCTPAHCTBE U
BpEMEHU sBIIIETCS Hanboyiee oOIlee CBOMCTBO Marte-
puu, onpenenseMoe MNOHATUEM B3auMonencTBus. Tak,
9JIEKTPOMArHUTHOE B3aMMOJCHCTBHE JIEKUT B OCHOBE
MPUHIUNA JEUCTBUS aTOMHBIX 4acOB, OITOMY aTOM-
HOE BpeMsI MOKET OBITh OIIPEAEICHHO KaK JIeKTpoMar-
HutHOe. COBpEMEHHBII MacITad JUIMHBI TAKXKE UMEET
ANEeKTPOMAarHuTHy0 npupony. Cuexyst 3TO# Joruke,
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ACTPOHOMMYECKOE BPEMSI MOXKHO Ha3BaThb I'PaBUTALU-
OHHBIM, TaK KaK CyIECTBOBAaHHE IIJIAHET U COITHEYHON
CHCTEMBI MOAJEPKUBAETCS TPABUTALIMOHHBIM B3aHUMO-
JerctBueM. s U3MepeHus: NMPOMEKYTKOB BPEMEHH
UCTIONB3YETCs TaKyKe HEMEPUOIUIECKUE TTPOLECCHI pa-
JUOAKTUBHOTO paclaja aTOMHBIX sfep. XoJ 49acoB B
3TOM Cllydae OTpaHHUYEH BO BPEMEHM H ONpenensercs
CBOMCTBAMU BHYTPHAAECPHBIX B3aUMOICUCTBUN.

B actpoHOMUM paccTOsSHHE MMEeT 3JIeKTpOMar-
HUTHYIO Npupoay. IMeHHO U3BeCTHBIE CBOMCTBA ONTHU-
YECKOT0 M3IIy4eHUs] 00ECIeYHIn BO3MOXKHOCTD MpakK-
THUYECKOH peann3aluy IIKajabl aCTPOHOMHUYECKHX pac-
crossHuid.  [IpenenbHO  BO3MOXKHOE — YBEIMUYEHUE
M3MEPSIEMBIX DPACCTOSHUHA CBA3aHO C HAOIIOJICHHEM
KPAacHBIX CMELICHNI U3BECTHBIX CIIEKTPAIbHBIX THHUI
U aJIeKBaTHBIM TEOPETHYECKUM ONMHCAHUEM pacIIupe-
Hus Beenennoit. B onucanuu takoro pona, npereHay-
IOIIEM Ha pojib (PU3NYECKOH TEOpHH, KOCMOJIOTHYe-
CKHE KpacHbIe CMELICHUS JOJDKHBI OBITh MHIMKATO-
pamMH He TOJBKO DPACCTOSHUS, HO M BPEMEHHM WIU
BO3pacta HalI0aeMoro 00bEKTa, MOCKOJBKY B JIIO-
60i1 kIaccu4eckoil (He KBaHTOBOI) TEOPUH MPOCTPaH-
CTBEHHBIE M BpPEMEHHBIE IMPOMEXKYTKH OTHOCITCA K
HaOJII0aeMbIM BelMndnHaM. TakuM oOpa3om, ynanéH-
HBIE MAKPOCKONNYECKHE CUCTEMBI ATOMOB, CBSI3aHHBIE
¢ HaOJogaeMbIMH OOBEKTaMH, BO BHETaJAKTHUCCKOMN
ACTPOHOMHMH MOTYT HCHOJB30BATHCS OIS U3MEPEHUS
paccTOsIHUS ¥ BPEMEHHU.

C ToukM 3peHusi Teopuu ropsiued BceneHHoi
aTOMBbl 00pa30BalMCh B SMOXY PEKOMOMHAIWU HIIH
obbpeauHEeHNs. JTOT dTan B UcTopuu BeeneHnHoii obec-
NeYrBaeT CYLIECTBOBAaHME Hauaina oTcyéra Qusnue-
CKOTO BPEMEHHU M HaOII0maeTcsl ceddac Kak pPeiarKTo-
Boe m3nydeHue. Kak BUIHO, HaydHas Teopusi CIOcoOHa
OIMcaTh 3BONIOLUI0 BeesleHHOM BO BpEMEHU TOJIBKO OT
MOMEHTA POKIECHUS AaTOMOB — 4acOB, TO €CTb ITOCIIE Pe-
KOMOHMHAIMKU. 3/1eCh IM0J] HayYHOH NOHMMAaeTCs Teo-
pHs, CIEACTBHS KOTOPOH MOXKHO JIHOO MOJITBEPIUTH,
100 ONpOBeprHYTh HaOmromeHwsiMH [8]. B mpoTuBHOM
cilyqae OHa OTHOCHTCS K 00JIacTH BEphl WJIN CXOJa-
ctuke [8]. Orcroza cieyer, 4To He CYILECTBYET Hay4-
HOM TeOpHuH, ONTMCHIBaIOIIEH 3BONIOIMIO BeenenHoi ot
«Hayasa.

IIpencraBnenue o cyuecTsoBaHuu BeenenHol 1o
PEeKOMOMHAIINH, C OJHON CTOPOHBI, OTHOCUTCS K 00J1a-
CTH BEpHI, a C APyro — o0yCIOBICHO BCEM UYeIOBeUe-
CKUM OIBITOM, YTBEPXKJAIOIUM CYILECTBOBAaHUE MpPU-
YHHHO-CIEJCTBEHHOW CBs3U sBIeHUU. Takas CBs3b
OCYILECTBIISIETCS. B MPOCTPAHCTBE U BPEMEHU M, AT
TOTO, YTOOBI BBIATH W3 3TOTO 3aTPyIHEHUS, TIPHIETCS
c/lenaTh 3aKioueHre 00 OrpaHNYeHHOI 001acTH MpH-
MEHHMMOCTH MOHATUI IPOCTPAHCTBA ¥ BPEMEHH B OTHO-
meHun «panHei» Bcenennoi. Ilpunércs npusHath
TaKxe, 94To HabOmomaemas BeeneHHas TakoBa, 94TO HE
o0aaeT CBOWCTBOM, BBIPAKAEMBIM IOHATHEM BO3-
pact. K aToMy MOXHO 100aBUTH, YTO HA4YaJI0 MHUpa B
OTIpe/ieIeHHBIE MOMEHT BPEMEHH W KOHEYHasl MpOTs-
KEHHOCTh BPEMEHU KU3HU MHpa ObLTH «TBEPIO ycTa-
HOBUBIIEHUCS JOKTPUHOM cXonacTUKu» [8], Tak 4To co-
BpPEMEHHAasI KOCMOJIOTHsI B 4YaCTH ONUCAHUS IBOJIIOLUU
BceneHHOI OT «Hayvana BBITSIIUT KaK Hay4HOE 000C-
HOBAHUE YyKa3aHHOI HOKTpUHBL. (OCHOBBIBasCh Ha

9TOM, MOXHO OKHAATh TPYAHOCTEH IPH SMIHUpUYE-
CKOM MPOBEPKE TEOPUH SIBJICHUH, CBA3AHHBIX C PACIIH-
peHuem BceenenHoil.

[Ipexxne Bcero, sSMOMpUIECKON MPOBEPKE HA MPO-
TSHKEHHMM MHOTHX JIET MOJBEprajach 3aBHCHMOCTb
KpacHOe CMeIleHne Z — BUAWMAs 3BE3MHAs BEHINHA
WM 3aBUCHMOCTB 3Be3/1HOTO paccTosuus R ot Z . Jlo
KOHIIa MPOIJIOro BeKa BCE HKCIEPUMEHTANBHBIE JaH-
HbIE, [0 KpaliHel Mepe, KaueCTBEHHO, MOATBEPKAAIN
TEOPHIO, B COOTBETCTBUU C KOTOPOH pacupeHue Bee-
JICHHO IpoUCXOAUT ¢ 3aMeieHreM. OIHaKo ¢ Hauana
HBIHEIIHETO Beka HabJirolaeMble 3aBUCMMOCTH R oT
Z cranmu WHTEPIPETHPOBATHCS KaK PACIIMPEHHE C
yckoperueM. M 310, HecMOTpst Ha TO, YTO HabIrOgae-
Mas €BKIUIOBOCTh NPOCTpaHCTBa BceneHHo#l moxa-
puila KOCMOJIOTUM BO3MOKHOCTh OJJHO3HAUHO OIHCHI-
BaTh pacUIMpeHHE U CBs3aHHBIE ¢ HUM sBieHUs. Co-
rmacHo Teopuu [9], eBKIMIOBOCTH MPOCTPAHCTBA
obecrieynBaeTcs cpeiHeil MIOTHOCTRIO BelecTBa Bee-
JICHHO#, PaBHO¥ KPUTHYECKOM, HO U3 HAOIIOACHUI 13-
BECTHO, YTO IUIOTHOCTb TPAaBHTUPYIOIIETO BEHIECTBA
BceneHHoM cocTaBIsieT IPUMEPHO OAHY TPETh OT KPHU-
THYECKOH. B 3TOM cuTyanuu Asi COXpaHEHUs: TEOPUH
HEOOXOANMO TIPEIIIONIOKHUTh, YTO BceneHHas Ha 1Be
TPETH COCTOMT U3 HECBETSMIECHCS CyOCTaHIINK, HE TIOA-
BEpPKEHHOM rpaBUTALlMOHHOMY B3auMoAeHcTBHIO. 13-
3a HEJIOCTYITHOCTH SMIUPUYECKO pOBEpKe 3Ta TUIO-
Te3a He JOJDKHA UMETh MecTa B (M3MYECKOH TEOpHUU
[8].

C pacumpenuem BeeneHHOH cBs3aHa Takke Mpo-
Oinema oOpazoBaHusl ranakTuk. Haubosiee momHO BO-
IIPOC O IPaBUTALMOHHON HEYCTOMYUBOCTH PACILIUPSIIO-
merocsi raza B paHHel BcenenHodl wuccienoBaics
Cacnay [10]. OcHOBHOH ero BBIBOJ TaKOB: pacLIUpe-
HHeE ra3a NpernsTCTByeT 00pa3oBaHUIO T'AJAKTHK U €CIIN
Obl OHM HE CYIIECTBOBAJIH, TO UX OTCYTCTBHE MOXKHO
ObLTO OBI JTerko 00BACHUTH [10]. CyTh 3TOM TIPOOIEMBEI
HETPYJHO MOHATh KAYECTBEHHO, MOJIb3YSICh MPEICTaB-
JICHUSIMU KJIACCUYECKOM MEXaHUKU, IPUMEHUMON IS
OTIMCAaHMS 3BOJIONMU (UIYKTYaI[Mi IUIOTHOCTH Bellle-
cTBa nocye pekomouHammu [9, 10]. OueBuaHO, YTO IS
HpeBpalleHns JOKaJIbHBIX obnacTeil Beenennol, moa-
BEP)KEHHBIX (IyKTyalusM, B 3Be3/bl M TalaKTHKH
HE00X0IUMO, YTOOBI PACHIMPEHHE B ITHX OOJIACTIX
IoJ{ eficTBUEM IpaBUTALIUU OCTAHOBHIIOCH. Y UUTHIBAs
BO3pacT 3BE3[, MOJIYy4YaeM, UTO PACLIUPEHHE OOJIKHO
obu10 mpekpatutcs npumepro 100 et nazan. Knaccu-
yecKass MEXaHHMKa JOIYCKaeT TaKyl0 BO3MOXHOCThb
JIMIIb IPU YCIOBUY, YTO NOTEHIUAIBHAS SHEPTUsl Ipa-
BHUTAIIMOHHOTO B3aUMOJECHUCTBUS IpeodiagaeT Hall KH-
HETHYECKON 3HEPTHeH PaCIIMPSIOMIErocs ra3a, 3aKio-
YEHHOTO B JIOKaJIbHOU oOnactu. Takasi cuTyanus pea-

mmsyeres, ecniu P> P, , tae P U P, — CpelHss u

KpUTHYECKasl IUIOTHOCTU BELIECTBA, COOTBETCTBEHHO.
OmHAKO B 3TOM citydae 00pa30BaHME raIaKTHUK JTOJDKHO
COIPOBOKIATHCA CMEHOM paciuupeHus: BeeneHHol Ha

cxarue. B coBpemeHHOM kocMmonoruu O = 0., 4TO
0e3 ydera TEMJIOBOI'O JIBI)KCHHUS ra3a COOTBETCTBYET
PaBEHCTBY HYJIIO IIOJIHOM DHEpPruu JI000H HEBO3MY-

LICHHOW JIOKaJIbHOW obOmactu. Ha camom pene mpo-
Onmema 0Opa3oBaHUs TAIAKTUK CeiYac BBIMISAIUT CmIé
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Oonee ynpydvarorie. HaGnromaemast TNIOTHOCTh TpaBH-
THPYIOLIETO BEIIECTBA BceneHHol MeHblie O, YTO

MPUBOJUT K YMEHBIUICHUIO TPABUTAIIMOHHON 3HEpruu
ra3oBoi cpeibl M NpeolnagaHuio e€ KHHETHYECKOH
SHEPruu HaJ NOoTeHUUanbHOoU. B Takoil BeeneHHoii 3a-
KOH COXpaHEeHHUs JHEPruH 3ampeniaer oOpa3oBaHUE
3BE3]] M TAJTAKTUK — TPABUTANHOHHO-CBS3aHHBIX CH-
CTeM C OTPHUIIATENHEHON MOJHOH »Heprueil. Takmm 00-
pa3oM, CyIIeCTBOBaHHE 3B€3]] M FAJIAKTUK HE COTIACY-
€TCsI C COBPEMEHHOMN KOCMOJIOTHEM, YTO ABISAETCS IIaB-
HBIM OCHOBaHHUEM JUIS TIOSBJIICHUS HOBOW Teopuu [7].
OcHoOBaHHEM ISl MPEATIONIOKEHHS, YTO (pU3MIe-
CKHE 3aKOHBI MOTYT 3aBHCETh OT 3BoyOLUU Bcenen-
HOM SIBJISETCS TO, YTO ATU 3aKOHBI ONpPENEeNA0oT CBOM-
cTBa npocTpaHcTBa u BpemeHH [8]. Tak, momuuHEHHbBIE
MPUHIUIY OTHOCUTEIBHOCTH 3aKOHBI IIPUBOJAT K BBI-
BOJly 00 OJTHOPOJHOCTHU MPOCTPAHCTBA U BPEMEHH, YTO
o0ecreyrBaeT CyniecTBOBaHuEe (DyHIaMCHTAIBHBIX 3a-
KOHOB coxpaHeHus. C Ipyroit cTOpoHEL, 3aKoH Xa0b0ma

dr/dt=H(t)r (1)

SIBHO 3aBUCHUT OT KoopauHar I' u Bpemenu 1. D1o
O3HauaeT, YTO B HeCTallMOHapHON BceneHHOH mpo-
CTPaHCTBO M BpeMsi HEOAHOPOIHBI. [lockonbKy mpo-
CTPAaHCTBO M BpPEeMs HE MOTYT OBITH OJHOPOIHBIMH H
HEOJHOPOJAHBIMU OJHOBPEMEHHO, TO BO3MOXKHBI [J[Ba
BapHaHTa: JINOO MPOCTPAHCTBO W BpeMs OXHOPOIHEI,
BO BceneHHo AefcTBYIOT N3BECTHBIE 3aKOHBI, HO TO-
riaa 3aKkoH Xa00J1a He UMeeT MecTa, JIn0o 3aKoH Xao-
Oma ameKBaTHO OIMMCHIBACT pacUIMpeHHe BcereHHOMH,
MPOCTPAHCTBO M BpeMsl HEOJHOPOJHBI, a HaOomae-
Mble BO BcelleHHOM SIBJIEHUS ONMCHIBAIOTCS HEU3BECT-
HBIMH (DH3MUYSCKUMH 3aKOHAMH, KOTOPBIC MOTYT SIBHO
3aBHCETh OT KOOPIWHAT M BpeMeHH. BriOOp BTOpOrO
BapHaHTAa CTaBUT HCCIIEI0BATENS TIepe] ABYMsI HECBOMA-
CTBEHHBIMH KOCMOJIOTHH 33/1adyaMu: HalTH (QYHKIIHO-

HaJIbHYIO 3aBUCHUMOCTbH H (t) U COOTBCTCTBYIOIYIO

el GopMyITHPOBKY (PU3UIECKUX 3aKOHOB B PACIITUPSIIO-
metics Beenennoit. Hmke moka3zaHo, 4To Kaxpas H3
9THX 3a/1a4 UMEET, IO KpalHe#l Mepe, OAHO HeIpOTH-
BOPEYHBOE PEIICHHE.

3aK0H KOCMOJIOTMYeCKOro pacmupenus. B
cBo€ BpeMs Jlukke B nexnusax [11] BeIpa3ui comHeHHe
B BO3MOKHOCTH A€ TyKTHBHOTO HcciIeoBaHus Beenen-
HOM NyTEM pelIeHUs] U3BECTHBIX YPABHEHUM ¢ Hayallb-
HBIMHU YCJIOBHSIMH. TaM ke OH BBICKa3ajl HIero Oojee
TUTOIOTBOPHOTO ITYTH MCCIIEIOBAaHMU, OCHOBAaHHOTO Ha
aHanu3e HaOJrOaeMbIX CBOWCTB Bceemennoi. Jlaib-
Helilree U30KeHne (haKTHIECKH MOCBSIIEHO peaan3a-
1Y 3TOH HJIeu.

Haubonee obmme HaOmogaemele cBolicTBa Bce-
JICHHOW BBIPAXAIOTCSA ABYMS YTBEPKACHUSMH: IIPO-
CTpaHCTBO BceneHHO# ImIocKoe (SBKIMIOBO); CHpa-
BeJUTMB 3akoH Xa00ua. [TepBoe obecnieunBaeT BBIMIOJI-
HEHHe KIIACCHYECKOTO 3aKOHa CIIO>KEHUS
HEPEeIATUBUCTCKUX CKOPOCTEH M MO3BOJISIET UCTIONB30-
BATh METPH30BaHHbIE KoopauHaTel I' u Bpems { B 3a-
koHe Xa06ma (1), KOTOPBII Tak MPOCTO QOPMYIHPY-
eTcsl JIMIIb B OIpeesIEHHBIM 00pa3oM BbIOpaHHOH (Xa-
006moBckoi) cucrteme oTcuéra. PaccmarpuBasi YacTh
Bceenennoi, ONpeIeNAeMYI0 HEpPaBEHCTBOM

2
(dr/ dt) << CZ, rne C— ckopocTh cBeTa, COBMe-

CTHM Hadajo CHCTEMBI OTCYETA C IIEHTPOM Macc JIo-
6oro Tena, nBIKyIIerocs mo 3akony (1). B pesymnbraTe
MOJTyYHM XaOOJIOBCKYIO CHCTEMY OTCYETA, TOCKOJIBKY
B Hell TakKe cripaBe/IIuB 3aKoH Xab0:a. MosxHO npea-
CTaBHUTH ceOe aHCaMOJIb XaOOJIOBCKUX CHCTEM OTCYETA,
IMOCTABUB B COOTBETCTBHEC B JIF0OOOW (PHKCHPOBAHHBIN
MOMEHT BPEMEHHU KaXJOW TOYKE MPOCTPAHCTBA
HaOmomaemoli BeeneHHON COOCTBEHHOE Hayalo OT-
cyéra.

J1s1 HaxOoKAEeHUsI 3aBUCUMOCTH TOCTOSIHHOM
Xa66ma H or Bpemenu t Bocmomssyemcs mpunmu-
IIOM EIMHCTBA (PH3MUECKUX 3aKOHOB BO BcermeHHOM.
CyIIeCTBEHHO, YTO OCHOBHBIC (PH3MYCCKHIE 3aKOHBI BBI-
paxatorcs nuddepeHIUaTbHBIMU YPaBHCHUSIMU, BUJT
KOTOPBIX 3aBUCHT OT BbIOOpa cUcTeMbl oTcuéra. B du-
3MKE MPUHATO BBIACIATH HE TOJNBKO (PU3MUYCCKH IKBHU-
BaJICHTHBIC CHCTEMBI OTCYETA, B KOTOPHIX (PU3UUCCKUE
3aKOHBI BEIPAKAIOTCS OJTUHAKOBBIM 00pa30M, HO U MPH-
BHJICTUPOBAHHBIC, B KOTOPBIX ATH 3aKOHBI BBITILIIAT
HamboIee MPOCTO. DTO HABOJAWUT HA MBICIB CPOPMYIIH-
pOBaTh MPUHIWII SAWHCTBA (PUIUIECKUX 3aKOHOB BO
BceneHHOM Kak MPHUHIUI OTHOCUTETHHOCTH B PACIIH-
psaoueiics BceneHHOW WM Kak KOCMOJOTMYECKHI
MIPUHLIUIT OTHOCUTENBHOCTH [12]: B pa3Nu4HbIX YacTsIX
BceneHHoM CylIeCTBYIOT CHCTEMBI OTCUETA, B KOTOPBIX
BCC OCHOBHBIC (DHU3UYCCKUE 3aKOHBI BBIPAKAIOTCS
HauOoJiee MPOCTO W OJMHAKOBBIM OoOpa3zom. Eciu B
STOM OIpPENEJICHUH OMYCTUTh «B Pa3IMYHBIX YacTsIX
BcenenHoii», To ocraHeTcsi 00bIuHas GopMynupoBka
MPUHLIMIIA OTHOCUTENBHOCTH [8]. JlaHHBII KOCMOJIOTH-
YeCKW MPHHIUI OTHOCHTEIBHOCTH HE HCKIIOYaeT
BO3MOKHYIO HE3aBUCHMOCTH (DU3MYECKHX 3aKOHOB OT
sBoJronnK Beenennoii.

OueBnaHO, uTo (1) MOXHO paccMaTpuBaTh Kak
OIIMH W3 OCHOBHBIX (PM3MUYCCKUX 3aKOHOB B PACIIHPS-
fomelics Beenennoit. OH KOBapHaHTEH OTHOCHUTEIIBHO
nepexoJia OT OJAHON XaOOJOBCKON CHCTEMBI OTCUéTa K
npyroii. CoriacHO KOCMOJIOTHYECKOMY MPUHITUTY OT-
HOCHUTEIHHOCTH, TAKUM € CBOHCTBOM JOJDKHBI 00J1a-
JIaTh BCE OCHOBHBIE (PM3NYECKUE 3aKOHBI B PACIIHPSIIO-
nieiics Bcenennoit. OHaKo HalW4YWe OTIUYHOTO OT
HYJISl YCKOPCHHS

d2r/dt? = (dH/dt + H?)r @

HapymaeT (U3NIECKyI0 SKBHBAJCHTHOCTH Xa00-
JIOBCKUX CHCTeM oOTcdera. TpeOoBaHHE paBEHCTBA
HYJIIO yckopenus (2) npu gro6om I' npuBomut K aud-
(hepeHmMaTb,HOMY YpaBHEHHIO C pEIICHHEM

H=T7

rne T =t+t, T - nocrosnnas WHTETPUPOBA-
HUSI, HE 3aBHCSAIIAS OT BRIOOpA CHCTEMBI OTcueTa. Ta-
KHM 00pa3oM, XaO0JIOBCKHE CUCTEMBI OTCYETa MIPUHA/I-
JIeKAT KIAcCy WHEPIHAIbHBIX CHCTEM, a UX OTHOCH-
TeNbHOE JBUKECHHUE OCYIIECTBISIETCS COTJIACHO 3aKOHY
Munna

dr/dt=r/T. ©)
DTOT pe3ynbTar coriacyercs c¢ uaeeit Maxa o

TOM, YTO HHEPIHAJbHBIE CUCTEMBI OTCUETA BBIIEINS-
I0TCSI yCPEAHEHHBIM JIBIKEHHEM HeOecHbIX Ten [1].
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[ToHATHO, YTO PENATUBUCTCKHE OTHOCHTEIHHBIC
CKOPOCTH Xa00IOBCKUX CHCTEM OTCYETA JIOJDKHBI OBITH
TaKXXe MOCTOSIHHBIMH, TO €CTh, HE 3aBHCAIINMH OT Bpe-
MeHH. Ecim Temeps JOMyCTUTh HEM3MEHHOCTH CKOPO-
CTH CBETa B BaKyyMe IS BCero aHcamOis xaOOioB-
CKHX CHCTEeM OTcuéTa BO BceneHHO, TO ero 3J1eMEHTRI
OynyT cBsizaHel npeoOpazoBanusiMu Jlopenna. Ilpu
STOM PENSATUBUCTCKUHA 3aKOH CJIOKEHHUS CKOpOCTeH
NPUBOAMT K 3aKoHY (3), MMeromeMy Iio0aabHbINA Xa-
paxTep.

HexoToperle cBoiicTBa (pU3NYECKUX 3aKOHOB B
pacmiupsiromeiicss Beenennoii. [Ipexxne yem nepeiitu
K TIONCKY allTOpUTMa TIOCTPOCHHUS (PU3UIECKHUX 3aKO-
HOB, YYUTBIBAIOIIMX paciiupeHue BceneHHoOH, nMeer
CMBICIT BBISICHUTh WX CBOHCTBA, SBISIOIIUECS CIE.-
cTBHEM 3aKoHa MmiHa (3) 1 KOCMOJIOTHIEeCKOTO PHH-
IIUIa OTHOCHTEIEHOCTH.

1. @u3uueckue 3aKOHbl 10PEHY-KOBAPUAHMHDL.
U3 (3) cnenyer, 4To ABE JIFOOBIC XaOOIOBCKIE CHCTEMBI
orcuéTa cBs3aHbl IpeoOpazoBanusiMu JlopeHna u, co-
IJIACHO KOCMOJIOTHYECKOMY MPUHIUITY OTHOCUTEIHHO-
ctH, GU3nYecKue 3aKOHBI B paciupsronielics Beenen-
HOH SBJISIOTCS JIOPEHI-KOBapUaHTHBIMU. OHAKO 3TO
HE O3HAYaeT, YTO OHH WACHTUYHBI W3BECTHBIM 3aKO-
HaM.

2. Duepzun, a maxice omauuHvle OM HyIA UM-
RYIbC U MOMEHIM UMRYIbCA AI000H PusuiecKkol cu-
cmembl He coxpaHaiomca. VI3BeCTHO, YTO H30JHPO-
BaHHBIC OT BHCIIHUX BO3ACHCTBUI 3aMKHYTHIC (U3U-
YEeCKUE CHCTEeMbl B OOIIEM Cilydae OIMCHIBAIOTCS
YpaBHEHHUSIMH, KOBAPHUAHTHBIMU OTHOCUTENIBHO NPE00-
pazoBaHuil, mnpuHamnexamux rpynne Ilyankape,
BKITIOUatolei nmpeodpazoBanus JlopeHia u mpocTpaH-
CTBEHHO-BpEMEHHbIE CABUTH. [IpH ONMMCaHUM TakUX
CHCTEM OJIHOPOJHOCTh IPOCTPAHCTBA M BpEMEHH 00ec-
MICYNBACT CYIIECTBOBaHUE ()YHIAMEHTAIHHBIX 3aKOHOB
coxpanerus. C Apyrod CTOPOHBI, B JIFO0OH (u3mde-
CKOM TEOpHH IPH OMHCAHUH CHCTEMEI, ITOIBEPKCHHOM
BHEIITHEMY BO3/ICHCTBHIO OOIIETO BHA, TPOCTPAHCTBO
U BpeMs HE OJHOPOJHBI U 3aKOHBI COXPaHEHUSI OTCYT-
cTByIOT. Kak BHIHO, CBOIiCTBa IPOCTPAaHCTBA U Bpe-
MEHHU OIIPEJAECIAIOTCS CBOMCTBAMHU MCCIENYEMOM CH-
CTEMBbI, a TOYHEE YNPABIAIONIMMHU €10 (H3UUECKUMHU
3aKoHamH [8].

CaoiicTBO BceneHHOH, BbIpakaeMoe 3aKOHOM
MuutHa (3), I3MEHSIONTIMCS IPU IPOCTPAHCTBEHHBIX 1
BPEMEHHBIX TPAHCIALUSIX, IPUBOTUT K 3aKITFOYCHHIO O
HEO/IHOPOJHOCTH MPOCTPAaHCTBA M BpeMeHH. Takum
00pa3oM, ro0aJIbHBIE JIOPEHI-KOBAPUAHTHBIE (H3H-
YeCKHe 3aKOHBI BO BeeneHHOW u 3akoH MmiHa (3) u3-
MEHSIOTCS TPUA MPOCTPAHCTBEHHO-BPEMECHHBIX CJIIBU-
rax, TO €CTh, SIBHO 3aBHCSIT OT KOOPJMHAT ¥ BPEMEHH, a
(hyHIaMEeHTaIbHBIE 3aKOHBI COXPAaHEHHS HE BBITTOJHS-
FOTCSL.

3. Cnpaeednue 3aKoH COXPAHEHUS OBUICCHU
uenmpa macc. 3axoH MunHa (3) npu3BaH OMUCHIBATH
Halro1TaeMoe pa3deraHue TajJakTHK U UX CKOTUICHUH,
MO3TOMY €0 MOYKHO WHTEPIPETHPOBATH KaK BRIpaXke-
HHE 3aKOHA COXPAHEHUs BIDKEHHUS IIEHTpa Macce, 101
BEP)KEHHBIX IPaBUTALMOHHOMY B3aUMOJAEHCTBUIO.

4. Dusuueckue 3aKOHbLL He UMEIONM NAZPAHIICE-
6ot ghopmynupoexu. Kak n3BecTHbIC, TaK U TII00aIb-

HbIE 3aKOHBI B pacmupstomeiics BecenenHoit koBapu-
AHTHBI OTHOCHUTEIIPHO NMPOCTPAHCTBEHHBIX BPAILCHHUH,
MpUHAAJICKAIIAX TpymIe mnpeodpasoBanuii Jlopenma.
IIpn HecoxpaHEeHWH MOMEHTA MMITYJbCa II00aTbHbIE
3aKOHBI HE MMEIOT JIATPaHKEBOH (OPMYIHPOBKH, MO-
CKOJIbKY B TPOTHBHOM CJIydae, BCIEICTBUE TEOPEMBI
Hétep, MOMEHT UMIyJIbCa — COXPAHSIOINASACSA BEIH-
YHHA.

5. I'nobanvusie 3aK0HbL 00NIHCHBL HOOUUHAMBCA
npunyuny coomeemcmeus. V3BectHele pusnyeckue
3aKOHBI HE YYUTBIBAIOT paciuupenus Bceenernnoil. Ilo-
9TOMY HMX MOXHO paccMaTpuBaTh KakK MpeleabHbII
ClTydail COOTBETCTBYIOIIMX TTI00ATIBHBIX 3aKOHOB IPH
oTcyreTun paciumpenns. Honaras B (3) t=t +7,
rie t — Hauano orcuéra BPEMEHU, U HE Nepexoms K
TIpeseNny TpH t"— o, HOIY4YUM dl’/ dz=0. 310
O3HayaeT, 4TO pacIIupeHue orcyrcTByeT. CremoBa-
TENbHO, TJI00aNbHBIE 3aKOHBI B AAIEKOM OyayIieM
JIOJDKHBI COBIAATh C COOTBETCTBYIOUIMMH, HE YUHUTHI-
BAIOILKMMU pacliupeHue BceneHHOM, 3BECTHBIMU 3a-
KOHAMHU.

3ameuanue. Dynoamenmanvhovle Qunueckue
nocmosnnnvie, codepiycawjuecs 6 unUecKux 3aKo-
Hax, He 3agucam om épemenu. ITO YTBEPKICHUC SB-
JISIETCSI CIEACTBUEM KOCMOJIOTHYECKOTO MPUHIUIIA OT-
HOCHUTEJBHOCTH M TOTO (haKTa, YTO KaKABIH IIEMEHT
xa00JIOBCKOTO aHCAaMOJI XapaKTepU3yeTcs COOCTBEH-
HBIM BpEMEHEM.

@opMyIHPOBKa (PU3UYECKHX 32aKOHOB B pac-
mupsomeiics Bcenennoi. IlepeuncieHHble Bblle
CBOMCTBA TJI00aJbHBIX (U3MYECKUX 3aKOHOB BO Bce-
JICHHOI MOTYT CIIy’>KHTh OPHEHTHPAMH B IPOLIECCE IO-
ncka ux GopmyaupoBku. OTHAKO 3TOr0 HEIOCTATOYHO
n TpeOyeTcs HaWTH JIONOJHHUTEIbHBIE COOOpaKeHHs,
HEOOXOANMBIE IS IOCTIKEHNUS LIEIH.

N3BecTHbIe (hpn3nUecKye 3aKOHBI UMEIOT JIOKaJIb-
HBII XapakTep B TOM CMBICIIE, YTO OHH yCTaHOBJICHBI U
TIOJTBEPIKICHBI SKCIIEPUMEHTAIFHO UCKIFOUUTEIBEHO B
OJIHOH JT0KanbHOM obsacTu Beenennoil. Bricokas Tou-
HOCTh UX TPEICKAa3aHWN W MPHUHIUI COOTBETCTBHSA
HABOJISIT HA MBICIIb NIPHHATH U3BECTHBIC 3aKOHBI 3a OC-
HOBY (OPMYJITMPOBKH IIT00AIBHBIX 3aK0HOB. Torxa, nc-
X011 U3 COO0paXkeHU# mpocToTHI [ 13], MOKHO TIpeaTo-
JIOKHUTD, 9TO (QU3MUECKUE 3aKOHBI, YIUTHIBAIOIINE pac-
mupeHue BceneHHON, MOydaroTcsi W3 HM3BECTHBIX
3aKOHOB IYTEM TOYEYHOTO NpeoOpa3oBaHMs, 3aBUCA-
LIeTo OT KOOPAUHAT U BpeMeHu. [IpencraBneHue o xa-
606s10BcKOM aHcaMOJIe CHCTeM OTCYETa MO3BOJISIET pea-
JIN30BATh 3TOT IUIAH.

B QukcupoBanHO# XabONOBCKOH cucTeMe OT-
cuéTa unu B cucteMe Habmonarens E kaxnoit Touke
npoctpanctea-Bpemenn (I,t) coorBercTBYyeT Hauano

xab6IoBCKOll creTeMEl oTcuéTa £ min MOJBIKHAS
Touxa ¢ koopaunatamu (0, t") . Takum o6pasom, Bo3-
HHUKAeT NPEJICTaBICHHE O HENPEPBIBHOM MHOKECTBE
touek mpoctpanctea-spemenn (0, 1), xaxnas u3 xo-
TOPBIX HE3aBUCHMO OT BPEMEHH ABJIAETCA HAYAJIOM Xa-

OOJOBCKOIM CHCTEMBI OTCYETA. DTO OTKPHIBAET BO3-
MOXKHOCTh CYUTATh OOJIACTBIO ONpeCICHHs ()yHKIIHH,
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MOJYNHEHHBIX U3BECTHBIM TU(GepeHInaTbHBIM YPaB-
HEHUSAM (JIOKQIhHBIM (DU3MUECKUM 3aKOHAM), MHOXKE-
CTBO MOJIBI)KHBEIX TOYEeK. OUEBUIHO, UTO B 3TOM CIIydae
JIOKaJbHBIC 3aKOHBI, COXPAHSSI CBOIO (OPMY HEH3MEH-
HOH, OyIyT yIUTHIBATh pacminpeHne BeeneHHOH, ecin

dpasy «bynxuus onpenenena B Touke (0, t') » nonu-

=/
MaTh Tak: QYHKIHs onpesienena B cucteMe E ' B Touke
(O, t') . MosTomy crenyer cumrats, uto AU depeHtH-

aIIbHBIC YpaBHEHMS, BRIPa)KarolIe H3BECTHBIC 3aKOHBI,
CBSI3BIBAIOT (DYHKLIMH M HMX IIPOM3BOJHBIC B TOYKAX
Hayana Xab0moBckux cucreM orcuéra. Kocmomnornye-
CKHUI NPUHIMI OTHOCUTEIBHOCTH U M3HAYAIBHO TIpe-
nosiaraemMasi TO4e4HOCTh NPe0Opa30BaHMs JIOKATbHBIX
3aKOHOB B INI00aJIbHBIE TPEOYIOT, YTOOBI B PACLIUPSIO-
meiics BceneHHO# u3BecTHBIE (U3NYECKHE 3aKOHBI
OBUTH CIIpaBeUIMBHI B TOUKE Haydana Jiro0oi xab0ioB-
CKOI1 cHCTEeMBI OTCUETA.

TpebGoBaHUs JIOPEHI-KOBAPHAHTHOCTH YCTaHAB-
JMBacT B3aHMHO-OJHO3HAYHOE COOTBETCTBHE MEXKIY

KOOpJAMHATAMHU TOUCK MPOCTPAHCTBA BPEMCHHU (r, t) i
!
(O, t ) , @ TAKXKE MEXIY QYHKIUSIMU U UX MPOU3BO/I-
. r
HBIMH, OTIPEACIEHHBIMUA HA MHOXECTBAX TOUEK (O, t )
u (r,t). Ilepexon oT NOKANLHBIX ypaBHEHUH, U3BECT-
HBIX B Hayaje OTcuéra Jro0oro sjaeMeHTa Xxab0joB-
=l
ckoro ancambna E ', x mckoMbIM ypaBHeHHAM B cu-
creme Habmomatens K ocymecTsisercs oOBIYHBIM
00pa3zoM — ¢ TOMOIIIbI0 peobpa3oBanuii Jlopenua u
COOTBETCTBYIOIIETO MpeACTaBIeHuUs Ipymibl JlopeHia
C BEKTOP-MapaMeTPpOM, PABHBIM OTHOCHTEIbHOM Xa00-
noBckoii ckopoctu I/ (CT), rae B COOTBETCTBUU C

dopmynoii (3) T =1+1 . dopmynuposxa ypapuenuii
HEPEIATUBUCTCKON MEXaHUKU UMEET CIIeIU(PUKY, 00Y-
CJIOBJICHHYIO HCITOJIb30BaHUEM TIpeoOpa3oBanmii [ amu-
nes.

duznyecKkue 3aKOHbI B paciiupsoneics Beenen-
HOU (POPMYIHUPYIOTCS Tak MPOCTO MPH YCIOBUU, UTO
KOOPIMHATHBIC OCH JFO6Oro >1eMeHTa XabOIOBCKOTO
ancamois E' MapajuieIbHBl COOTBETCTBYIOIINM KOOP-
IMHATHBIM 0csiM crcteMbl Habmomatens K .

O 3aBHCHMMOCTH KPacHOro cMemenusi Z 0T BH-
AMMOM 3B€31HOM BeanunHbl. [Ipexe uem nepeitu k
dhopmynupoBKe GUBNIECKUX 3aKOHOB, OIHCHIBAIOIIIMX
HaO0JII0JaeMbIC SIBJICHUS, OLICHUM COOTBETCTBHE 3aKOHA
Munna (3) HaGrogaeMoit 3aBUCHMOCTH KPacHOTO CMe-
meHuss Z OT BUAUMOM 3BE3HOM BEITMUYNHBI.

Huxe ucnonp3yrorcsi KBaHTOBBIE MPEACTABICHUS
0 CBeTe, 4YTO, MO-BUIMMOMY, HHUBEIIUPYET OTIHYUE
MaKCBEJIOBCKOHM 3JIEKTPOAMHAMUKH OT 3JIEKTPOAMHA-
MUKH, YUYUTBIBAWOIIEH pacluupeHue BceneHHOM.
Kpome Toro, urHopupyetcs BIHSHUAE TPaBUTAIIUOH-
HOTO TOJIsT BceneHHol Ha KpacHblE CMEUIEHHsI CIeK-
TPaJBHBIX JIMHUHA. AHAIN3Y 3TOrO BOIPOCA MOCBSIIEH
CTIEIUANILHBIN pa3ien JaHHOW paboTEHI.

B actpoHomMun cBeToBOil MOTOK J nokosmerocs
TOYEYHOI0 HMCTOYHHUKA CBETA, PaBHBIM €ro HCTUHOU
CBETHMOCTH Wi cBeToBoi mommuoctn L', TIPUXOIS-
IIeics Ha MHUILY TUTOMIAId TEIECKOIa, BRIPAKAETCS
hopmymoit

J:LVMEW), A

rae R — paccrosaue 1o ucrounuka. @opmyna (4)
CTIpaBEINBA | JUIS JIBIDKYIIETOCS MICTOYHUKA, ECIIH B

Hel T€OMETPHUUCCKOC PACCTOAHUC R 3aMCHHUTH Ha (1)0—
TOMETPHUUICCKOC (I/IJ'II/I 60J'IOMeTpI/IquKOG) paccCcTosiHue

Rf . [Ipu 5TOM 3aBHCUMOCTbH KPAaCHOTO CMEIEHUs Z
OT BUAMMOM 3BE3JHON BEJIMYMHBI ONPEIEISIETCS 3aBU-
CHMOCTBIO Rf or Z.

B craHmapTHOI KOCMOJIOIMM 3aKOH pacUIMpEHUs
(3) cootBercTBYeT mycToit Beenennoii [9], B koTopoit

R; =cH,'z(1+0.52) . (5)

B s10it popmyne C— ckopocts ceta, Hy — co-

BpPEMEHHOE 3HAaUeHHUE MOCTOSHHOM Xa00ma. OHa crpa-
BEAJIMBA B NPOCTPAHCTBE, 00JAJarOMIEM OTPHLIATEIb-
HOM KpuBU3HOM [9], U, KaK BUAHO U3 PUCYHKA 2, Ipe-
CTaBICHHOTO B pabote [14], mocTaTO4HO aJeKBAaTHO

OIIMCBhIBACT Ha6n}02[aeMyI0 3aBUCUMOCTDb Rf (Z) .

[MTokaxkeM, 4TO B EBKJIMIOBOM MPOCTPAHCTBE POp-
myna (5) He mensetcs. s 3Toro BBeAEM B paccMOT-
peHue JBe cUCTeMbl OoTcuéra: cucteMy Halnomarens

=/ o
K n CUCTEMY E , Ha4aJI0O KOTOpOH COBHAaAacT C TO-
YCUYHBIM HUCTOYHUKOM CBE€TA, ABWXYIIHUMCA OTHOCH-

TenbHO Habmonatens 1o 3akony (3). Cucremnr K u

!
E’ cpasaner npeobpaszopanusmu Jopenia

x’:(x—ﬁcT)/\/l—7,
cT':(cT—ﬂx)/\/1—7, (6)

rie f=V/C, V— Benuumua ckopocT MCTOU-
HUKa, HampasieHHo# Baoms ocu O X, T =t+1,

T'=t'+t , t u t'— maGmomaemoe BpEMS B CHCTe-

=
Max K )51 E COOTBETCTBCHHO.
HYCTB HUCTOYHUK CBE€Ta Ha6J'IIOI[aeTC$I B MOMCEHT

T = TO . B MomenT N3JIIy4YCHU Tn O6’beKT, I/IM€IOH.II/II71
~ !
B COOCTBEHHOW cucTeMe KoopauHaTty X =O, B CH-
CTEMC K HaxXOJWJICA Ha paCCTOAHUU
X, =pBcT,.
Jlist Toro 4ToOBI HAONMIOJATL €ro celdac, B MO-

MCHT M3JIY4YCHUA OH JTOJDKCH HAXOJUTHCA Ha PacCTOs-
HHUH

X, =¢(T,-T,),

OTKyZa C Y4€TOM INIPEeNBbIIyIIer0 paBEHCTBA CIe-

IyeT
T, :TO/(1+ﬂ), X, :CTO,B/(1+,B). ©)

Benuuuny X, MOXHO BBIPa3uTh 4epe3 KpacHOe
cMmemnieHne Z :
2
X, =cToz(1+0.5z)/(1+ z), ©)
€CITH MCTIOJIb30BaTh U3BECTHYIO PENITHBUCTCKYIO
dopmyiy

1+z=[(1+B)/(1-B).
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Kax BumHO u3 (8), mpenenbHOEe TreOMEeTpUIeCcKoe
paccTosiHie, Ha KOTOPOM MOXKHO HaOIo/aTh yaalieH-
Hble OOBEKTHI, HE IMPEBBINIACT MOJOBUHBI «paguyca

Bcenennoii», paBHOTO CT0 .

[epBas popmyna u3z (7) u Bropas u3 (6) no3so-

JITIOT BBIPA3UTh MOMEHT H3JTy4eHHUs Tn' B TIO/IBUKHOI
CHCTEME OTCUETA Yepe3 KPACHOE CMENIEHHE Z :
!
T, =T,/(1+2). 9)
DTO BBIPAKEHHE MO3BOJIAET OLEHUTD TIOCTOSHHYIO

MHTErPHPOBAHKS [ , ONPECIISIONIYIO BENUYUEEL | 1
T'. Ecnu npuraTh, 4TO 5M0Xa PEKOMOMHALIMK XapaK-
Tepusyetes kpacubiM  omemennem  Z ~10%, 1o
t> 1073T0 =107 Hal .

IlycTs 3a IpOMEKYTOK BpEMEHU

AT =AT,(1+2)™ (10)

B cucteme E' B Teneceri yron ACY wu3myua-
erca AN ¢oronos ¢ smeprueit NV’ . 3necs AQY - Te-
JIECHBII yroJji, ONUPAIONIUHCS Ha IUIOWaAKy O , OJH-
HakoBylo B cuctemax K u E’ , TaK KaK OHa OPUEHTH-
poBaHa  HOPMAJbHO  HANPABICHHUIO  JIBMDKCHHUS

ucTounuKa, a moa AN mnonuMaeTcs yMCIO M3TYYEH-
HBIX ()OTOHOB, KOTOPBIE MPOHIYT Yepe3 mIomanKy O

. YUucao An SABJIACTCS MHBAPHUAHTOM, HO TCMII U3JTyUC-

~ r .
uus doronoB B E' u ux mpuéma B K pazmuuen
Benencteue (10), moaromy

AN/ AT = (An/AT,) (L+2).

Ecmu sHeprus kaxaoro ¢otona B cucteme K
ectb NV, To B coorBercTBHM ¢ 3ddexrom Jlormepa

hv'=h V(1+ Z) . Clre1oBaTeIbHO, MOIIHOCTh AL’

B Tenecrom yre AQY' Beipaskaercs uepes Habmonae-

myto Momuocts AL B Tenecnom yrme AQ mo dop-

MyJie

AL =(An/aT, Jhv' = (an/aT v (L+2)' = AL (a+2) (D)
HO OHpe}IeHeHI/IIO, HUCTUHHAsA CBCTUMOCTHb TOYCY-

HOTO MCTOYHHKA

L' =47 AL'/AQY .
C npyroii cropossl, u3 (11) cnexyer paBeHCTBO

AL'/AQY = (AL/AQ)(AQ/AY)(1+2)’,

! !
B xotopom AL I AQY - maGmonaemas cperu-
MOCTb UCTOYHMKA, IPUXOAAIIASACS HAa €INHUILY TeJec-
HOro yria. [Ipy onucaHHBIX BbILIE YCIOBUIX

!
rae Xn — PacCTOsAHUEC, HA KOTOPOM HaAXOJUTCA

A

!
mjioniajgka ¢ B CUCTEMEC E B MOMCHT BPEMEHH, COOT-

BETCTBYIOIINI MOMEHTY NMpHUéMa M3ITy4eHUs To B CH-

creme K . Cormacho nepoit hopmyie u3 (6) umeem

Xn' :_ﬂCTO/Vl_ﬂZ .

CrenoBaTeIbHO
AQ =0 (1-§2)/(BeT,)

B cucteme K Tenecnpiit yron AQ), B xotopom
pachpocTpaHseTcs U3MyueHue, Monaaomee Ha To-
AJKY G, ONpeIeNseTCs PABEHCTBOM

AQ=c(x,)".

rae Xn — PpacCTodHUEC, HAa KOTOPOM HAXOJUTCA

(12)

(13)

HUCTOYHUK B MOMECHT U3IIYUCHUA Tn . Tak dro

X, =BcT,=pcT,/(1+ ) u
AQ=o(1+ ) (BT, ).

U3 (12) u (13) umeem
AQ/AQY =(1+ B)/(1- ) =(1+2)".

Taxum 00pazom,
AL/AQ =L/ (47 (1+2)).

B cucreme Habmonarens paccrosnue X, 10 UC-

TOYHHUKA B MOMEHT M3JIy4eHHs Omnpeaensercs Gopmy-
101 (8), mMo3TOMY Ha TEIECKOI ¢ MIomanplo O OT TOo-
YEYHOT0 UCTOYHUKA MAJaET MOUIHOCTh

AL o L'c

= _2 = 2 4 y
AQ X" Axx?(1+2)
a Ha €AMHULY IUJIOINaar TCJICCKOIIa MPUXOAUTCI
MOIIIHOCTH

v
4zx? (1+2)"

Ha3bpIBaeMasi CBETOBHIM IOTOKOM. Kak BuaHO u3
9TOi (hopMyIIsl, poTOMETpHUECKOE PACCTOSIHUE

R, =x,(1+z) =cT,z(1+052)

COBIAJAET C U3BECTHBIM B CTAHAAPTHOIN KOCMOJIO-
UM BbIpaxkeHueM (5). 9To 0OCTOATENBCTBO MOITBEP-
*kaeT MbIcib [lyaHkape o TOM, 4TO ONHMCcaHue HaOIo-
JAaeMbIX SBJICHHH B HCKPHUBIEHHOM, JHOO IIOCKOM
MIPOCTPAHCTBAX, €CTh JIeJo BKyca [15].

YpaBHeHUS] HepPeIATHBHCTCKOH MeXaHHUKH H
HX HEKOTOpble CJeACTBUs. ['paBUTalliOHHAs He-
YCTOMUYUBOCTB 'a30BOH Cpesibl B «paHHe» BeeneHnHol,
a TaKke JUHAMUKA rajJakTHUK U UX CKOIUIEHUH OMUCHI-
BAIOTCSl HBIOTOHOBCKOHM MexaHukou [9, 10]. Tlpubmu-
XKEHHOE COOTBETCTBHE 3aKOHA pacunpeHus (3) Haoro-

HaeMOﬁ 3aBUCUMOCTH Rf = Rf (Z) JA€IacT JIOru4-

HbIM OCYILIECTBJICHHE aHaliu3a 3TUX BOIPOCOB Ha
OCHOBAaHUU YPaBHEHUI HEPEISITUBUCTCKON MEXaHUKH,
YUUTBIBAIOLIMX pacluupeHne BeeneHHoM.

Jns GopMyTHMpOBKH TaKWX ypaBHEHHH CIIELyeT

BBIICIINTH B Xa0OJI0BCKOH cucteme Habmonatens K
MIPOCTPAHCTBEHHYIO 00JIaCTh, OTPAHUYECHHYIO CHepoid,

pamuyc R koropoii pactér mo 3akony R = I’OT /T ,
rae Iy — snauenne R B HekoTOpBIi MOMEHT Bpemenn

2
T=T, u cuurats, uro R’ <<(CT), I
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2 2 o
( Iy / To) << C". IlonoxeHue HEPENATHBUCTCKOM Ya-

CTHIIBI, TIPUHAAJNICKAIICH JaHHOW 00NacTH, B MPOU3-
BOJIBHEIIl MOMEHT BPEMEHHM | COBIAJaeT C HAYAIOM
HEKOTOPOii xa66moBckoit cictemsl orcuéta K', B ko-
TOPOH, COTJIACHO MPUHATOMY B YETBEPTOM pasjielie
CTaThH MOCTYJIATY, CIPABEINBHI U3BECTHBIE YpaBHE-
HUSI

ANo' =4nGp’,
d i =-m'grad’ ¢’ (14)
T’ dT’ 4

Ipu 3tom nuddepeHnmansl KOOPAUHAT U Bpe-

!
menn B cuctemax K u K’ cpasansr npeoGpasosanu-
samu ["anunes, koTopble pu ydete (3) 3aUChIBAlOTCS B
BUJIE

dr'=dr—(r/T)dT,dT'=dT. (15)
N3 (3) u (15) caenyet, 4YTO CKOPOCTH YACTHIIBI
ar' dr r

ar AT T

!
B cucteme K' kak ¢yHkmms xoopamsar u Bpe-

(16)

menn B cucteMe K ompesienena Ha MoaBUKHOM KOH-
TUHYyM€ TOYEK U SBJSIETCA MHBAPUAHTOM, HE 3aBHCH-
UM ot BeIGopa cucteMbl Habmonatens K.

B HepenATHBUCTCKON TEOpPUM TIPaBUTALMOHHBIN
noTenIman ¢ , IIOTHOCTH BemecTa O M Macca 4a-

cruusl M’ a Takoke omnepatop Jlammaca A’ sBisorcs
CKAJIAPHBIMH. YYET 3TOr0 OOCTOSTENICTBA, a TAKKE
npeoOpa3zoBanuii (15) u BepaxkeHus (16) MO3BONIIOT
3ammcath ypaBHeHus (14) B cucteme Habmomatens K
TaKAM 00pa3zoMm:

Ap=4rGp
dfdr_r =-m grad 17)
ar\ar 7)) "o

nockomsky A'@'=A@, p'=p, m=m,
grad’' ¢’ =grade. Kax Bunno, ypasHeHue OTHOCH-
TENBHO T'PAaBUTAMOHHOIO IMOTEHIMANa () OCTaloch
HEU3MEHHBIM, II03TOMY CHJIa (—m grad(p) SBJIAETCS

HBIOTOHOBCKOM. B WacTHOCTH, ABHM)KEHHE UYAaCTHILI B
LEHTPaJIbHOM TPAaBUTAIMOHHOM IIOJIE, CO3/1aBa€MbIM

MaCCOﬁ M 5 COCpC,HOTO‘ICHHOfI B HadyajiI€ CHCTEMbI
Ha6HIOJIaTeH$[ K , OITUCBIBACTCS ypaBHeHI/IeM
d(dr r mMG
—| == |=——T. (18)
dT\dT T r

rne I — paguyc-Bexrop wactuusl, ' = |r| VYpas-

HeHue (17) mo3BoJIsIeT Takke 3amcaTh ypaBHEHUE

m, dd [g; -?j__;r:inﬁ(n—rj)ﬂri ,(i,j:ﬁ) (19)
d n m dr r 2 mmG
o X2l 1) X

s cuctembl [l rpaBUTalMOHHO-B3aMMOICH-

crByromux yactu, rae M, — macca wactunpl, I; — eé

panuyc-sekrop, F, — cuna, o6ycnosnennas rpasura-

LIMOHHBIM BJIMSHHEM Ha | -FO 4aCTHILy YaCTHIL, HE TPH-
HA/IJISKAIIAX pPacCMaTpUBAEMON CHCTEME.

JlanbHeliee n3105KEHUE TOCBSALIEHO BBIICHEHUIO
HEKOTOPHIX (PU3MUYECKUX CIEACTBUI YpaBHEHHH JBH-
werns (18) u (19). SIBHas 3aBHCHMOCTH ypaBHEHWUIT
(18) u (19) oT BpeMeHH MOKA3BIBACT, YTO OHHU HE JIO-
ITyCKAIOT CTAl[HOHAPHBIX PELIEHUH U, COOTBETCTBEHHO,
U3BECTHBIX 3aKOHOB COXpaHEHHA. DTO MOXKET OBITh
KJII0YOM K NMOHMMAHHIO CYI[HOCTH MEXaHUYECKUX SB-
JICHUH B TAlaKTUKaX U UX CKOILJICHUSX.

B ypaBuenwusx (19) nmox rpaBUTalMOHHO-B3aNMO-
JEHCTBYIOIIUMH YacTHIIAMH MOXKHO ITOHHMATh JIHOO
3BE3MBI M NIpyrue OOBEKTHI, MPUHAUICKAIINE Tallak-
THKe, JNOO TalaKTUKH, OOpa3yrIie CKOIUICHHE.
CkpelTas Macca CKOIUICHHH TallaKTHK, KOTOpEIC
OOBIYHO TPEIONATAIOTCA TPABUTALIMOHHO-CBS3aH-
HBIMH CHCTEMaMH, SBJLICTCS CIICICTBHEM IPUMEHEHUS
Teopems! 0 Bupuaie [10]. K ypaBrenusm (19), sBHo 3a-
BHUCSIIIMM OT BPEMEHHM, 3Ta TeopeMa He MpUMEHHMA.
IToaToMy HET OCHOBaHMH A1 BOSHUKHOBEHMS Ipea-
CTaBJIEHUS O CKPBITOW Macce CKOIIEHUH rajJakTHK.

YMmHoxkas 06e yactu ypaBHeHus (19) BEKTOpHO Ha

I u cymmmpys mo 1,

i MOJYy4YUM YPAaBHCHUSA OTHOCHU-

TeTbHO MOMEHTa ummyJbca cucteMsl M = M (T )

gkﬂ_hﬂn_N(T)
dar T

rac
n dr n
M=Zmiri><—',N :ZriXFi'
i1 dT i=1

HYCTB N (T) ~ 0 MOCJIE HCKOTOPOro MOMCHTA

(20)

BPEMEHU Tl B npoutom. Torna mpu | ZTl Hanpas-

JICHUEC M (T ) COXpaHsACTCA, a BEJININHA ‘M (T )‘ JIn-

HEWHO pacTéT co BpeMEHEM:
M(T)=M(T,)T/T,. (21)
OTOT pe3yabTaT He 3aBUCUT OT pa3Mepa CUCTEMBI
U 1a€T NPEACTAaBICHUE O IIPUPOJIE MOMEHTOB UMITYJIb-
COB TQJIAKTHK.

Tenepp, nosaras Fi =0, ymuo)uM 06e wactn

ypaBHerns (19) mns |- wacTWIBl CKaJsIpHO Ha

dr, /dT - /T , a ypasrenue ps ] - wacTuue Ha

dr /dT - r /T , 3aTEM pa3AcJMM IIOJTYYCHHBIC pa-

BCHCTBA Ha 2 HpOCYMMI/IpyeM X COOTBECTCTBCHHO IIO
I u j U CIO0XXHMM. B pesynbpTare nosydyumM aHajor 3a-
KOHa COXpaHeHI/IH HOJ'IHOI/I 3HepFI/II/I B KJ'IaCCI/I‘IGCKOI/I
MCXAHHUKE.
1&E mm, G L
=5 E E @i=])).
i ‘r ‘T

(22)
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31ech BTOPOM 4JIEH BBIPAKCHUS B KBaJPATHBIX
CKOOKax TPEJCTaBJISICT COOOH MOTCHIMAILHYIO YHEP-
THIO, TIO3TOMY IIEPBBIH WIEH CIEIyeT MHTEPIPETHUPO-
BaTh KaK KMHETHYECKYI0 3Hepruio. Kak BUIHO, OMHAs
SHEPTUsi MOHOTOHHO PAcTeT CO BPEMEHEM, MOCKOJIBKY
mpaBasi 4acTh paBeHCTBa (22) Oompme HyIsI. Bos-
MOJKHO, 4TO 3TOT IIPOIIECC B TE€UEHHUE AIUTENBHOTO Bpe-
MEHH, a TAKXKE B pe3yJIbTaTe HEN30€KHOTO CIKATUS CU-
CTEMBI B MPOILIOM, CHOCOOEH M3MEHHUTh OTPHULIATENb-
HBI 3HAK IOJIHOW HSHEpPIruu, HampuMep, CKOIUICHUS
rajlakTUK, Ha TPOTHBOIIOJIOKHBIN.

JlBrxeHHe 00BEKTOB 3a IpeIesilaMH TAIAKTHKH C
maccoit M onuceiBaetcs ypasnenuem (18), mpuBoss-
muM K Gopmyse (21) a1 MOMEHTa UMITyJIbCca. Y YUThI-

Bas sBHbIH Buy M (T) 1 OTPaHUYEHHOCTH BEJTHYHHBI
ckopoctd, u3 (21) momyuyum, uto paccrosuue I 1o
00beKTa HEOTpaHUIEHHO PacTET co BpeMeHeM. Kpome
Toro, u3 (18) cnemyer ypaBHEeHHE
2
d i m(dr r mMG | mMG (23)
dr| 2\dT T r rT

KOTOPOE MOJKET OBITh MOITYICHO aHAJIOTHYHO (22).
Ecnu cuna, peiictByronjas Ha 4acTuily, paBHa CKOpO-
CTH U3MEHEHHUs UMITyJibca, TO, cornacHo (18) u (23),

HUMITYJIbC p U KHUHCTHUYCCKAsA DHEPIrus T HqaCTHUIbI
OIPCACIIAIOTCA paBEHCTBaAMU

dar r _m(dr r

ar 1) 2\dT T
[To3TOMY MMITYJIbC U KHHETHYECKAsT SHEPTHSI JIFO-

0Ol dYacTHIBI, OBMKYIIEHCS 1m0 3akoHy (3), paBHEI

Hyiro. MaTerpupys 06e yactu ypaBHeHHs (23) 10 Bpe-

2

p=m - (24)

MEHH B TpejiefiaX OT Tl no T wu npenebperas xa66-

JIOBCKOI CKOPOCTBI0, TO ecth nomaras,, uto ¥ /T ~ 0,
TIOTYIHM

l[drjz_MG_MGf _1dr(T)Y MG ()
2\dT r 2\ dT r(T,)

310 mNpHONMKEHHOE PAaBEHCTBO HE II03BOJIAET
onenuTh Maccy raiaktukn M 1o usMepeHHbIM B
HacTosIIIee BPEeMsI 3HAUEHHUSIM CKOPOCTH U TIOJIOKEHUS
00BeKTa, OCKOJIEKY SBOJTIONHOHHEIH daktop T , pas-

HBI MHTErpaly 10 BpEMEHU OT Tl no T c mompiaTe-

-1
rpaibHON (pyHKIHEH (I’T) , a TaKKe IOJI0XKECHUE

00BEKTa H €r0 CKOPOCTh B MOMEHT BpeMeHH | = Tl B

JTaJIEKOM IPOIIJIOM HE U3BECTHBI.

VYkazaHue Ha CYIIECTBOBAHHWE CKPBITOW MAaccChl
CIIUPAJIBHBIX TAJIAKTUK JAIOT KPHUBBIC BPAIICHUA U UX
uHTepnperanusi. OOBIYHO TpEeAToNaraeTcs, 4ro 00b-
€KTbI, Ha0JII0JaeMble 3a MpeeaMu IaJaKTUKH, SBIIS-
I0TCSl TPaBUTALMOHHO-CBSI3aHHBIMU C TaJIaKTUKOM; HX
JIBIDKEHUE OMHUCHIBAETCS HBIOTOHOBCKON MEXaHUKOU U
sBIseTCA KpyroBbIM. Ilpu Takux gomymieHusx macca

M , yaepxuBarormas 0ObeKT Ha KpyroBoii opoute pa-
guyca I, 1 ero ckopocts U CBSI3aHBI PAaBEHCTBOM

v® = MG/r . (26)

[Tycte npubmmkénHoe ypaBHeHHe (25) cornacy-
€TCsl C ICTHHHBIM JIBH)KeHHEM 00bekToB. Torna mnpen-
CTaBJICHHE O CKPBITOW Macce rajllaKTHKA MOYKET OBbITh
crenctBueM (25) u TeX DOMyUIeHNH, KOTOPHIE MIPHUBO-
1T K hopmyre (26). [IpuanMast ux, morydnMm, 9To mpa-

Bas yacTh paBeHCTBa (25) paBHa —MG/ (ZI’), 1o-

CKOJIbKY KpYroBO€ IBIDKEHHE SIBISICTCA CTallMOHap-
HbBIM. B pesynbTare us (25) cnenyer, uto

V> = MG/r +2MGf | (27)

rae U — CKOpocTh 00BEKTA HA KPYyTrOBOW OopOHTE.
CpaBuuBas (26) u (27), umeem

M =M +2rMf .

3neck «ckpwitas maccay 2 FMF  mpomoprmo-

HallbHa Macce TaJaKTUKHU U JUaMETPy OpPOUTHI, 4TO Ka-
YECTBEHHO MOATBEPKIaeTCs €€ HabII01aeMbIMHU CBOM-
CTBaMH.

U3BectHo [10], 4TO rinaBHBIM NPENATCTBUEM AJIS
00pa3oBaHMs TaJIaKTHK U3 Ta3a, PACHIAPSIOIErocs 110
3akoHy Xa00Jia, SBJISIETCS €ro KHHETHYEeCKasi SJHEPIUsl.
VMnynbe ¥ KMHETHYECKask DHEPTUs PACHIMPSIOIIErocs
110 3aKoHY (3) ra3a paBHa HYJIIO B COOTBETCTBHH C Op-
Mynamu (24). 3To yka3bIBaeT Ha BO3MOXKHOCTh 00pa-
30BaHUs rajakTuk Bo BeeneHHoi, paciupstomeiics mno
3aKkOHy MmiHa. Pemenue 3Toro Bompoca M3laraercs
HIKE.

Onucanue rpaBUTALMOHHONH HEYCTOHYMBOCTH
B paHHeil BcesienHoii. [ paBuTalimoHHy0 HEYyCTONUN-
BOCTh DACIIMPSIONIETOCS Ta3a MOcCle PEeKOMOWHAINHU
1o3BoJIsIeT ucciuenosarb teopus J>xkunca [9, 10]. Ona
OCHOBaHA Ha ypaBHEHHUHU HEIIPEPBIBHOCTH

div(pV)+0p/oT =0, (28)

BBIPAKAIOIIEM 3aKOH COXPAaHEHHS MaCChl, ypaBHE-
HUM Dinepa

d r
—|V——|=—pgradp—qgrad P, (29
s T pgradg—g (29)

MOJU(UIMPOBAHHOM 110 aHAJIOTHH CO BTOPBIM
ypaBHeHHeM 13 (17), u ypaBHenun Jlamraca [9,10]

Ap=47nG(p-p,). (30)
COXpaHSIOIIEMCST HEM3MEHHBIM B  pacHInpsio-
mieiicss BcemenHo#t. B ckamspHoM ypaBHeHmH (28)
¢yHKUIKEH, 3aJaHHOI Ha TOJBMYKHOM KOHTHHYYME TO-
4eK, ABJISIETCA IJIOTHOCTh ra3a O . Eciu ckopocTs rasa
V' MeHsteTcs B OKPECTHOCTH HAayasIa CUCTEMBI OTCUETA
K' no 3akony (3), To paBHOBeCTHAs! IIOTHOCTH Ta3a
P =, B HEPENATUBUCTCKOM CIIy4a€ BBIPAXKACTCS
¢dopmynoi
Lo = Po (T0 )T03T 3 (31)
KOTOpas, OYEBUAHO, CIPAaBEIIMBA U B CUCTEME
ma6bmonarens K . Uepes £ (To) B (31) obo3HaueHa
IUIOTHOCTH T'a3a MPU HEKOTOPOM (PUKCHPOBAHHOM 3HA-
YEHHH BENMUHHBl | = |, HAIIPHUMEp, COOTBETCTBYIO-

LIeM HAaCTOSILEMY BpeMEHU. AHAINU3 CUCTEMBI ypaBHE-
Huii (28)—(30) nanee MpoOBOJUTCS O AHAJIOTHHU C U3JI0-
>keHHbIM B [9,10].



64

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal)#3(31), 2018

L
EEST| |

HpeZ[CTaBJ'IHH IIJIOTHOCTB p , CKOPOCTb V , daB-

geane P u IPaBUTALMOHHBINA NMOTEHIMAN (0 B BUJE

[10]
p=p,(T)(1+8(r.T)),

dar r
=ﬁ=?+V1(F,T),
o r o :
(G—T+?Ej5(r,T)+dIVV1(I’,T)=O,

r o

0 _ _h
(aT +T ar)Vl(r,T)_gradgol(r,T) s grad P,(r,T).

J1is TOTO YTOOBI 3aMKHYTh CUCTEMY TPEX ypaBHE-
Huit (30), (32) u (33) ¢ 4YeThIpbMs HEU3BECTHBIMU
OOBIYHO BBOJISIT YCJIOBHE aIna0aTUYHOCTH HIIH U30TEP-
MuyHocTH Bo3myuenuit [9,10]. Torma ¢uykryarus
JIaBJICHUS U TNIOTHOCTHU OKa3bIBAIOTCS CBA3aHHBIE COOT-
HOILIEHUEM

oP
RR(rT)=2,(P=p) = (p=p0) (4

r o r 0o

i+1+__ @+—— =47Gp,0 +C,°AS
or T Tor){oT Tor

OIUCHIBAIOIIEE 3BOJIIOIMI0 OTHOCUTEIBHBIX BO3-
MyIIeHHi MIOTHOCTH O = 5(T,T ) = (p—po )/po .

I'maBHBIN BOIPOC O BO3MOXKHOCTH 00Opa3oBaHUS
raJlaKTUK MOXHO BBISICHUTB, OTPAaHUYNBAsICh PACCMOT-
peHHeM OOJIBIIMX CHCTEM, CBOOOIHBIX OT 3(dexTor
nmaBieHus. J{nsg HuX ypaBHeHue (35) sBIsieTCS OIHO-
MEpHBIM:

d2 1 d
(W+?d—T—4ﬂGpoj§=0. (36)

3mece O, omnpenenserca Qopmynoit (31), a

0=0 (T) JlaHHOE ypaBHEHHE TPHOIMKEHHO OIH-

ChIBAET HAYAILHBII STl YBONONKMHE QIYKTyaluil, co-
oteerctBytommx ymnotaenuam (O > 0) wu paspsxe-

HHUEM (5 < O) , COXpaHUBHINMCA OT MOMCEHTA OTACJIC-

HU BEHICCTBA OT U3JTYUCHUA. DTOT MOMEHT Tr :t y

KaK BBISICHEHO BBIIIE, MPUOIMKEHHO COOTBETCTBYET
Hauany orcuéra GU3MYecKoro BpeMenu 1, mockomnbky

t=0 HpI/ITr:t_.

3amMeHa nepemMeHHoit B (36) mocpeacTBOM COOTHO-
HIEHU

T=(0)7T, x=2f7%, f2=47(0)'GT2p,(T,)(37)
MpUBOJAUT K YpaBHCHUIO

d?5/dx®* +x*ds/dx—8 =0, numeitno nesasu-
CHMBIMH PELICHUSMH KOTOPOTO SIBISIOTCS MOIUDUIH-

poBanHble (pyHKIMH beccens Ko (X), |O (X) [16].

IToaTomy

P=R,(T)(1+R(r.T)).
=0, (T)+er(r,T),

mnHeapm3yeM ypaBHeHus (28)—(30), ydauTbIBasd,
aro §(r,T), Vo(r,T), B(r,T), ¢ (r,T) — pe-

JIMYUHBI IepBOro

Po = Po (T ), P, (T ), Do (T) — HYJIEBOTO TIOPSI/IKA.

U3 ypaBHenwii (28), (29) mocie coxpaHeHHsI B HUX
TOJIBKO WICHOB IIEPBOTO MOPS/IKA MAJOCTU IOJTydaeM
paBeHCTBa

nopsaka MaJIOCTH, a

(32)

(33)

2
B koTopom C,” — KkBazpar ckopocTH 3ByKa. Te-
Iepb BO3bMEM JTUBEPIeHIUIO OT 00eHX JacTeil paBeH-

cTBa (33) C L0 HCKIIOYCHHS BEIUYHH () (I’,T) "

V, (r,T) u3 ypaBHeHus (33) I0ACTaBKOI COOTHOILIE-

auit (30) u (32). B pe3ynpraTe morydyuM ypaBHCHHE

(35)

5(x)=cKy(x)+C,15(x), (38)

rne G, u C, - MOCTOsAHHBIE, ONpPENENAEMbIE
HAYaJbHBIMH yCIOBUSMH MIPH T =-|_r =t.

I[J'Ii{ TOIr'0 4TOOBI COCTABUTh mpeacTaBJICHUE O I10-

BEJICHUN (DYHKITHIA Ko (X) u |0 (X), OIICHUM BeJIH-

apny 2 f . Mcnone3sys nocennee paperctso B (37), eé
MOJKHO BBIPa3UTh Y€Pe3 OTHOIICHUE CPEHEH IOTHO-

CTH  BCHICCTBA pO (TO ) B HacTodlIeC BpEMs
-1

T=T,=H,* «

pﬁ (TO) = 3H 02 / (87TG) , KOTOPYIO NPUHATO HA3bI-

BCIIMYHUHE IIOTHOCTHU

BaTh KPUTHYECKOH. YUHTHIBAs TAaKkKe, 4TO B COOTBET-
creun ¢ popmyrnoii (9) Ty /T =2, +1,rne Z, - xpac-

HOC CMCUICHUC PCEIIMKTOBOTO M3JIYUYCHHUA, IMOJIYyYHUM

2f = \/6(Zr +1)p0 (To)[Pﬁ(To)]_l :

2, ~1.1:10° mveem 2T =80y, (T, )5 (T)] ™

. Eci ceitaac p, (To) =0.04p, (To) ,t0 2f =16
. Jlns Taxoro 3nauenust 2 T u coorBeTcTBYIOIINX 3HA-
x=2f T IT

ACUMITOTHYECKHUE TpecTaBieHus [16]:

ITomaras

YEeHUH aprymeHTa BO3MOKHBI
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Ko (X) = X exp(—x)| 1- (8x) ™ +9[21(8X)’]™* —9- 25[31(8X)°T* +.... |,

(39)

1o (%) = X% exp(x)| 1+ (8x) ™ +9[21(8X)’]™* +9- 25[31(8x)°T * +.... .

C yBesnuueHHeM BpeMeHH | aprymeHT X yMeHb-
HIaeTcsl, Io3TOMY, kKak BUAHO U3 (39), Bkiaz Ko (X) B

npaByto yacTh (38) pacTét, a BKIaa |O (X) yOBIBaeT.

CHCHOB&TCHBHO, II0 UCTE€YECHNN HEKOTOPOTO BPEMECHU
mocJie p0KOM6PIHa].[I/II/I 3BOJIIOIMA OTHOCUTEIIBHBIX ITPHU-

pamenuit mnotHoct (38) mpu O (X) >0 u
5(X) <0 hyHKIIEH
o (X) = ClK0 (X) . YauTeBas TPUOMIDKEHHBIN Xa-

Oyzer  ONHCHIBATHCS

PpaKTep NpOBOAUMOIO aHAJIN3a, MOKHO IIPHUHATH, YTO

Ko (X)=K(7) =7 exp(-2f /7). o)

5(z)=cK(r)~5,[05+05af *—(@BF) |r exp[2f 1-7°%)].

B s1oii popmyne 5r n O XapakTepu3yroT o0ia-
CTH YIUIOTHEHUS C HOBBILICHHOM (5r > 0) u obxactu
pa3psuKeHHs ¢ TIOHWIKEHHOM (§r < 0) TUIOTHOCTBIO B
HavyaIbHBIH MoMeHT BpeMenn 7 =1. Ecim B Havais-
HBIIl MOMECHT BO3MYIIICHHS ‘5 (T )‘ pactyr,To @ >0,

a<0. Tpusnmas

«HeﬁTpaHLHOG» ycioBue Ol=0 U y4duTbIBasA, 4YTO

]/2 >> ]7/(8f ), BMeCTO (42) umeem
5(7) = (8. /2)4z expl2f 1-1/V7)]. @3)

WzBectHO [9,10], 9o 11t mpubmmxEHHO-aqMaba-

¢dykTyanuit 5r =30T / T, rie

5
OT/T 4107 — uaGmonaemas HEOMHOPOIHOCTH

TEMIIepaTyphl PEIUKTOBOrO u3iydeHus. Iloatomy B
(43) MOXHO TPUOTIHKEHHO TTOJIOKUTH

5 /2=410", (44)

H3BecTHO TaKKeE, 4TO IPEACTABIICHUE O BO3MOK-
HOCTH HJIN HEBO3MOXHOCTHU O6paSOBaHI/I${ raJJaKTUK
Ja€T BeIMYMHA napameTpa T ,unu COOTBETCTBYIOLIIETO

a ¢CCJIh YMCHBIIAKTCA, TO

THYCCKUX

€My KpacHOro CMeIleHus Z = (Zr + 1) / 7 -1, npu xo-

TOpBIX Bo3MylleHHE (43) BcTymaeT B HEJIMHEHHYIO
(ha3y rpaBUTALMOHHOM HEYCTOWYHMBOCTH, OIpeiaese-

MYIO YCJIOBUEM ‘5(2’)‘ ~1 [9,10]. IIpu 3Hauennn 7,

obecreynBalomeM ycioBue O (2’) ~—1, mnotHocTs

paspekeHnii obpaiiaercsi B HyJb, TO €CTh 00pa3yroTCs
obnactu mpocTpaHCcTBa 6€3 ra3a — MycTOThI U Beenen-
Hasl IPUOOPETaeT STYEUCTYIO CTPYKTYPY. DTO JOJIKHO
YCKOPATH Tporiecc GOpMUPOBaHUS TATaKTHK. Bo3pact
HanboJiee CTaphIX 3BE3][ MPUMEPHO PABCH BEJIMYHHE,

. N -1
oOpaTHOM mocTosiHHOM Xab0ua: TO = HO . IToaTomy
OHHU JIOJDKHBI OOpa3OBBIBaTbCS K MOMEHTY BpPEMEHH

T <0.1T,, 4o cooTBeTCTBYET KPaCHOMY CMEILCHHUIO

Kpowme Toro, mis 3HaueHuil 7 , ONU3KHUX K €IU-
HUIIE, CIIPaBEIIINBO IPUOTIHKEHHOE paBEHCTBO

1, (x)=1(7) = 4z exp(2F /7).

®opmyist (40) u (41) MO3BONISAIOT BBIPA3UTh TO-

(41)

crosunble C; u C, B (38) yepes HavaNbHBIE 3HAYEHHSA
pyskmuit O (2') n e€ mnpousBogHou. Ilomaras
5|T:1 =0, (do/dr),,=ad, tne 6, u a -

6Ge3pasMepHbIe mapameTpbl, BMecto (38) mpu 7 ~ 1 no-
Jy4UM

(42)
2>10. Crenosarensro, ycmosue O (2' ) ~+l

JIOJKHO BBIIOJHATHCS Npu Z >10 wm 7<100.
DTOMY KPUTEPHUIO IPU TIEPBOHAYATBHBIX (DIYKTY-
ammsax (44) ynmosnerBopsier BceenenHas co cpemHeit
IJIOTHOCTBIO BEILIECTBA B HACTOSIIIEE BPEMS, COCTABIISI-
OlEed He MeHee TPEX MPOLEHTOB OT KPUTHUYECKOM.

Ipu  p, (To) =0.03p, (To) BBIYMCIICHUS JAIOT
2f =136, T~25, z~40 a npu
Lo (-|-0)=0.04,0C (To) 2f =16,

T zll, Z~100. Ecim AMILIMTYJIa IEPBOHAYAIbLHBIX
¢rykryanmuit 1o cpaBHeHHIO ¢ (44) Ha TOPSIOK

nojrydyacm

—6
MEHBIIC, TO €CTh |5r |/2 ~ 10 , TO B COOTBETCTBUU C
HpI/IBe,HéHHLIM BBIINIC KPUTCPHUCM, TAJIAKTUKU MOILYT

oOpasoBatbcs Ipu O, (To) >0.04p, (To) .

Tak,

ecmn p, (Ty) =0.04p, (T, ), o Hemmneitnas dasa
IPaBUTALIMOHHON HEYCTOMYMBOCTU HACTYIAeT IIpU
2~40, a ecu p, (To) =0.05p, (To) , TO TpH
z=70.

Kax ¢bayxTyanuu
|5r|/ 2~10°+10"° & cpesiHsAsl IJIOTHOCTH BeEIlle-

BUIHO, TNCPBOHAYAIIbHBIC

CTBa cervac, B IBaJIIIATh — ABAIATH ITATh pa3 MEHbIIAs
KPUTHUYECKOH 00€CIIeunBalOT JOCTATOYHO ObICTpOE 00-
pa3zoBaHue HEOJHOPOIHOCTEN B paHHel Beenennoil. K
HaYaJIy HEJIMHCHHOW (a3bl TpaBUTAIMOHHON HEYCTOMU-
YHUBOCTH MEPBLIMH IPH Z = 40 Bosuukator MyCTOTHI U
sIYEUCTast CTPYKTYpa KakK pe3ysibTaT HBOJIIOLMU M1EPBO-
HayaJIbHbIX BO3MYILUEHUHN ¢ TOHWKEHHON TJIOTHOCTBIO.
3areM pacmmpeHue odaacTell ¢ MOBBIIIEHHOHN IOTHO-
CTBIO JIOJDKHO CMEHHTHCS cokatheM. Hens0exxHas ocTa-
HOBKa C)KaTUsl B JallbHEHIIeM He SBIsETCs (hUHAIOM
SBOJIIOLIMM NIEpBOHAYaIbHBIX Bo3MyIIeHui. Kak nmoka-
3aHO B IPEIBIAYIIEM pa3jiene, To0as rpaBUTaIllMOHHO-
CBsI3aHHAS CHUCTEMa, 00Iaaronas OTIIMIHBIM OT HYJIS
MOMEHTOM HUMIyJbCa, HE3aBUCHUMO OT pa3Mepa,
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JIOJDKHA CO BPEMEHEM PAaCHIMpAThCA. Tak 9To BOIIO-
Vs IEPBOHAYANIBHBIX (DIyKTyarmii IpoJoIKaeTCsl, Co-
MPOBOXKAAsACh YBEIIMYEHUEM DPA3MEPOB TalaKTHK U
YMEHBUICHHEM CPENHEN IUIOTHOCTU TaJaKTHYECKOrO
BEIIIECTBA.

3akuouenue. B paboTe mokaszaHo, Kak HaOmoqa-
€MbIe CBOMCTBAa BCElNeHHON M IPUHATHIM IOCTYJAT O
HE3aBUCHMOCTH (PU3NYECKUX 3aKOHOB OT MECTOIIOJIO-
JKeHUsI HaOmoaress Bo BeeeHHo# mo3Boniy HaiiTi
3aKOH KOCMOJIOTHUECKOTO pPacIIMpeHHs U IO0Ka3arth,
4yTo (hM3MYECKUe 3aKOHBI B pacumpsomieiics Beenen-
HOH OTJIIMYAIOTCSA OT M3BECTHBIX. BBIACHEHBI HEKOTO-
pBIe oOmIre cBOMCTBA PU3MIECKIX 3aKOHOB U YCTAHOB-
JIEH IIPOCTOM aJrOPUTM MX MOCTpoeHus. JlocTaToOuHO
MOAPOOHO PACCMOTPEHBI YPaBHEHUS HEPEISTHBUCT-
CKOM MEXaHHKH, MO3BOJIAIOIUE YTBEPAUTENBHO OTBE-
TUTH Ha BOIIPOC O BO3MOXXHOCTH OOpa30BaHMS Tajak-
THK, MOABEPTHYTh COMHEHHIO CYIIECTBOBAHUE CKPBI-
TOM Macchl BO BceneHHONM W BBIICHUTH TPUPOLY
MOMEHTOB UMITYJIbCOB TaJIaKTHK.
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THE INFLUENCE OF TEMPERATURE DEPENDENCE OF VISCOSITY OF A HEAT CARRIER
ON THE SUSTAINABILITY OF A MOLTEN SALT NUCLEAR REACTOR
BJUSHUE TEMIEPATYPHOM 3ABUCHUMOCTH BSI3KOCTH TEINIOHOCUTEJISA HA
YCTOMYUBOCTD KUJIKOCOJEBOI'O SIIEPHOI'O PEAKTOPA
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Summary: The article covers the temperature dependence of viscosity of a heat carrier on the stationary
mode sustainability of a molten salt nuclear reactor with circulating fuel. The study of sustainability is undertaken
by the method of d-decomposition of the two parameter plane with the use of a previously derived secular equation.
The calculations made show the destabilizing influence of the considered dependence and the necessity of taking
it into account when studying the sustainability of dynamics of a molten salt reactor.

Keywords: molten salt reactor, heat fuel circulation, stationary mode, secular equation, sustainability.

AHHOTANUsA: AHaNU3KpyeTCs BIMSIHNE TeMIepaTypHOH 3aBUCUMOCTH BA3KOCTH T'OPIOUYETO - TEIIIOHOCUTENS
Ha YCTONUYMBOCTH CTALMOHAPHOTO PEXUMA KUAKOCOJIEBOIO SIAEPHOTO PEAKTOpa ¢ LMUPKYIHPYIOUUM TFOPHOYUM.
HccnenoBanue ycTOWYMBOCTH IPOBOJUTCSI METOZIOM J[-pa3OueHus MIOCKOCTH JBYX ITapaMeTPOB C HUCIIOJIb30Ba-
HHEM paHee MOCTPOSHHOIO XapaKTepUCTHYECKOro ypaBHeHus. [IpoBeaeHHbIe pacueThl NOKa3alu JecTaOuIn31-
pylollee BIMSHAE PACCMOTPEHHOM 3aBUCUMOCTH U HEOOXOAMMOCTh €€ yueTa IPH UCCIIEeI0BaHUN YCTOWYHNBOCTH
JMHAMHKH JKHIKOCOJICBOTO PEAKTOPA.

Kniouegvie crosa: KuakoconeBol peakTop, HUPKYISIINS TEIIOHOCHUTENS, CTAIIMOHAPHBIN PEXHUM, XapaKTe-
PHUCTHYECKOE YPABHEHHE, yCTOWINBOCTb.

Beenenune. ®uzndeckne CBOWCTBA TEIUIOHOCH-  PEXHMMa Ha OCHOBE MAaTEeMaTHYECKOW MOJEIH, YUUTHI-
TENs JKHJIKOCOJIEBOTO ypaH-TOPHUEBOTO peakTopa [l]  Baromel TemmepaTypHYyIO 3aBHCHMOCTH BS3KOCTH TO-
CHJIbHO MEHSIOTCS B paboyeM JMana3oHe TeMIleparyp.  PIOYEro — TEINIOHOCHTEINs. AHaIu3 MPOBOAUTCS C MO-
[Ipy HOMUHATBEHOM MOJIOTPEBE B aKTUBHOM 30HE (A3)  MOIIBIO XapaKTepUCTUUECKOT0 ypaBHEeHUs [4], TocTpo-
BA3KOCTh TOIIMBHOM COJM yMEHBIIAETCA NMPUMEPHO B €HHOTO B pPaMKax KBa3UCTATHYECKOTO OIMMCAHUSA
JIBa pa3a. JTa 3aBUCHUMOCTb BSI3KOCTH W TMJAPaBIMYE-  TEIUIOPHU3MYECKUX IPOLECCOB Ha 000OTrpeBacMbIX
CKUX IOTEph OT TeMIlepaTypbl (GopMHpyeT cienyto-  ydacTkax KoHTypa (A3, TO) u B npeHeOpeKeHnH HHep-
IIyI0 [elb OOpaTHON CBSI3M: pacxXox - TemIleparypa  IMOHHOCTBIO JBIDKCHUS TETIOHOCHTEINS. AHAIH3HUPY-
TOIUTMBHOMH COJIN - THIPABINYECKHUE TOTEPH B TEIUIO00-  €TCS BIMSHHUE PA3IMYHBIX MapaMeTPOB YCTAHOBKH Ha
meHHHKe (TO) n A3 - pacxoxa. IHEepIHOHHOCTE TEIDIO-  CTaOMIBHOCTH pabOTHI peakTopa.

BBIX IIPOIIECCOB, a TAKXXE HAJIMYUE AOTOJHHUTEIbHON

00paTHOW CBSI3U MO TeMIeparype (3aMKHYTOCTh KOH- BiiusiHue mapamMeTpoB peakTopa Ha yCTOHYH-
Typa IUPKYJISALIHN) MOXKET, KaK IIOKa3aHo B paboTe [2], BOCTb CTAIMOHAPHOTO Pe:KUMA
MPUBECTH K HECTAOMIILHOCTH pacxoja B KOHTYpe. Jlng onucaHus TUHAMUKH KHMJIKOCOJIEBOTO peak-

B peakTope ¢ UPKyTUPYIOIUM FOPIOYUM TeMIIe-  TOpa ¢ MUPKYIMPYIOUUM roprodnM B padote [4] npen-
paTypHOe BO3MYIIIEHHE B3aUMOCBS3aHO C OTKIOHEHH-  JIOKCHA MaTeMaTH4YecKasi MOJIeNb, YIUTHIBAIOIIAs TEM-
SMH KOHIICHTpalMi M3y4yaTelded 3ama3/BaiolINX  IepaTypHYI0 3aBUCHMOCTbH BSI3KOCTH FOpPIOYEro — Tell-
HeWTpoHOB. Takum 00pa3oM, 3aMKHYTOCTb KOHTypa  JIOHOCHUTENId, U Ha €€ OCHOBE IIOCTPOEHO
IUPKYJIALUN ¥ 00YCIIOBJIIEHHAsI 3TUM OOpaTHas CBA3b  XapaKTEpUCTHYECKOE YpaBHEHHE [UIS HCCIIEJOBAaHUS
10 TEMIIEpaType U HEHTPOHHO-(DU3NUECKUM MapaMeT-  YCTOHYMBOCTH CTAIMOHAPHOTO PEKMMa

paM TEIUIOHOCHUTENS, KOTOpas SIBJSIETCS] XapaKTepHOU (o + a3 — &) [or U(S) + asV(s) + W(s)] =0, (1)
0COOCHHOCTBIO YKHAKOCOJIEBOTO SJIEPHOTO PEAKTOPA, 17

YCHIIMBACT B3aUMOCBA3b TCIUIOTUAPABIMYCCKUX U s = —, p — mapaMmeTp Hpeo6pa3OBaHH;[
HEWTPOHHO-(PHU3NYIECKNX TpolreccoB. PeakTtop pac- 2

CMaTpUBAEMOI0 THUINA MMEET MONOKUTENbHBIA Temne-  Jlammaca; © = 7o + a; 7a; 70 = 71 + 72 + Tm - COOTBET-
paTypHbli K03(GGHULIUEHT PEaKTUBHOCTH 3aMEJIUTENsA,  CTBEHHO BpPEMEHa Mpoxoja TeronocureieM A3 (7a) 1
YTO B YCJOBUAX YKA3aHHOTO B3aMMOJEHCTBHS MOJKET  BHEIIHEH YacTH KOHTYpa (MHAEKCH 1 M 2, 8 m M CoOoT-

0Ka3aTh CHJIBHOE JIecTaOuIu3upymoiee Biausaue [3]. BETCTBYIOT IOABOASIICH W OTBOIIIICH KOMMYHHKa-
Hmxe ananmsupyeTcst BAMAHHE TemrmeparypHod  1wsim, A3 u TO);

3aBUCHMOCTH BSI3KOCTH TEIUIOHOCHUTENSI Ha YCTOWYH- ar = — (ke + k3)ATo/2; as = — KsaoATo/2;

BOCTb CTAIlMOHAPHOTO pexuMa peaktopa thrna MSBR- K, ks — TemmieparypHbie K03 HUIIHEHTHI PEaKTHB-

1000. UccnenoBanue npoBoauTcs MerogoM Jl-pa3bue-  HocTH roprouero u 3amemtutestst; ATy — CTalnoHapHBIi
HUS IUIOCKOCTHU JBYX J€CTBUTENbHBIX ((pU3MUECKU 3Ha-  TOMOTPEB TOIUIUBHOM costk B A3 peaktopa; aop — CONst,
YMMBIX) [ApaMETPOB C HCIOIb30BAaHMEM IIOCTPOEH-  ompefesiseMas COOTHOIIEHHEM CBS3bIBAIOIIUM Cpel-
HOTO B paboTe [4] XapakTepHCTHYECKOTO yPaBHEHHSI. HHE 0 A3 TeMmeparypbl 3aMeUINTENsl, TOPIOUero 1
Iesb10 cTaTBH SBISETCS BBIACICHHUE CYIIECTBEH-  MOIIHOCTh PEAaKTOpa B paMKax KBAa3HCTATHYECKOTO
HBIX JUI OIMCAaHUS JUHAMHUKU YCTAaHOBOK C IMPKYJIU-  OMHCAHUS TEIUIO(PH3MYSCKUX TPOoIeccoB [4];
PYIOIIUM FOPIOYUM XapaKTEPHbBIX CBOHCTB TAKUX PeaK- U(s) = boe™ + bie™s + bg; V() = a6 + aze™s + ap;
TopoB. Hccienyercs ycTOMYMBOCTb CTalMOHAPHOIO
W(s) = — (&en + &y)V(S) + &y (bo + ebnie™ — bzefzs);
1-2%¥ . 2-k
bo=(1-¢)[bu(l-¥)+ M 2k€ 1— ké‘;

; b1 =¢bn(1-2¥);

2-Kk -
b,=—ap—— — (1 — 8)(b11‘P — almg ); ao=bho— ¥,
k 2kg

a1 = b — (1 —g)(au + axn'?);
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a2 =an
A3
___DF,
DFT’;3 + DFTTpO ’ '
pexuMme;
AT,
n= 0
AT,

Y| (- e)Ph,,:

A3 TO
: DF p DFTP — ruzpasiauueckue norepu B A3 u TO B cTannoHapHOM

; ATy = const — Temneparypsiii Harop B TO; k — mapametp, onpeaenseMslii CTPYKTY-

pO¥i NOTOKA U UCIOB3yEMBbIH MIPU BBIYUCICHUY THAPABIMYECKUX OTeph Ha TpeHue B A3 u TO [4]:

A Re =
0z

Jnst tamunapHoro Tedenus K = 1, a B ciryuae pas-
BUTOrO TypOyneHTHoro moroka K = 0,25. CooTHotie-
HUSL, ONPEICIISIONINE OCTANBHEIC ITapaMeTphl ¥ Iiepeia-
TOYHBIE (D)YHKIIHH XapaKTEPUCTHICCKOTO ypPaBHCHUS,
HEKOTOPbIC U3 KOTOPBIX 3aBHCAT OT Ta; T , K U M, Zie-
TanbHO omucaHsbl B padote [4].

AHanu3 yCcTOIUMBOCTH IPOBEIEM C IIOMOIIBIO Me-
Tona JI-pa3OueHus IIOCKOCTH JBYX AEHCTBUTEIBHBIX
mapameTpoB (03, 0r). Tak Kak JieBast 9acTh XapaKTepHu-
CTHYECKOTO YypaBHEHHUS SBIISETCS IPOU3BEACHUEM
JIByX COMHOXKUTEJICH, TO 00JIaCTh YCTOUIMBOCTH OIPe-
JeIseTcsl KaK MepecedeHne O0NacTe yCTOWIHBOCTH,
COOTBETCTBYIOIINX KaXKIOMY COMHOXHTEm0. OTme-
THM, YTO HAIMYHE TIEPBOTO COMHOKUTETS B ypaBHCHUN
(1) orpaxaer, kxak cienyet u3 [4], (cooTHomEeHHE (25)

O0nacTte

_ 4 o ud
™ 2d ™ Ret 14

mpu 8Ta, 0 = 6U = 0), TpeboBaHKUe HEUTPOHHO-PHU3HIEC-
CKOH YCTOWYHMBOCTH TETIJIOBBIZICTICHUS.

Ha puc. 1 mpuBenena wacts rpanutsl J-pa3oue-
HUSI, BBIAEIAIONIAs 0071acTh ycTOWYnBOCTH. OCHOBHBIC
rapamMeTphl CTAIMOHAPHOTO PEKUMa PUBEICHBI B TA0-
mune 1| M COOTBETCTBYIOT HOMHHAIBHOMY PEXUMY
ycranoBkr MSBR-1000 [1]. Ludpoii 1 Ha pucyHke BbI-
JeneHa ocobas mpsiMas, ompenensieMas IEpBbIM
COMHOXKUTEJIEM XapaKTePUCTUYECKOTO YPaBHEHHsI IPU
S = 0. Ora npsimast onpeaenseT rpaHUIly HEUTPOHHO-
(U3MYECKOH HEYCTOMYMBOCTH BO BTOPOM KBaJpaHTE
MJI0CKOCTH (013, Olr) [5], KOTOPOMY MPUHATIEKUT pabo-
Yas TOYKA MPU PAaBHOBECHOW KOHLEHTPAILMH HMPOIYK-
TOB JICJICHUS B TOIUTUBHOM COJMH.

or -10°

YCTOHIHBOCTH

;- 100

Puc. 1. I'panuya J{ — pazbuenus nnockocmu (o, o.):

1 — ocobas npsimasi, cooTBeTcTBYOMmIAst S = 0;
A — pabouas Touka.
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Tabnuua 1 ITapameTpsl HOMHHAIBHOTO pekuma yctanoBku tuia MSBR — 1000

Bpems npoxona rermioHocuresieM A3 (za)

3.59¢

Bpemst mpoxoja TeIUIOHOCHTEIIS IO KOHTYPY (7)

17.65¢

Kunematndeckas BI3KOCTh TEIUIOHOCHTEIIS:

Ha BXojie B A3 (VO )

4.23-10°° m?/c

*
Ha BBIXoJe U3 A3 (VL)

2.19-10% m%/c

IMogorpes TomuBHO# conn B A3 (ATo) 138 K
Temnepatypusiii Hamop B TO (ATy2) 975K
OtHocHUTENbHBIE THApaBInIecKie notepu B A3 (g) 0.4
ITokasarenb CTENEHH B 3aBUCUMOCTH A, 0T Re? (K) 0.25
TemnepaTypHbiii KO3(DGHUIIMEHT PeaKTHBHOCTH:
torueHoi con (Kr) -3.3-10°K

samemmuares (Ks) 2.4-105K?

OTHOCHUTENbHAS 10715 TEIUIOBBIACICHNUs B Tpadute (£1) 0.03
OmnpeneniM KOOpAUHATHI paboueit Touku A(oz*, 0
or*), COOTBETCTBYIOIICH HOMHHAIEHOMY DPEXHMY aTS | =0

YCTaHOBKHM. PaccMoTpuM B KadecTBe 31E€MEHTapHOU
SYeUKHU rpaUTOBBIN CTEPIKEHBb KPYIJIOr0O CEUSHHUs, CO-
XpaHsisi TIpU 3TOM IUIOIIAAb ceueHus rpaduTa u IeH-
TPaJIbHOTO MIPOXOIHOTO KaHaja [1]. YpaBHeHus Temo-
Boro Oananca aJis 3aMeiuTens (MHAeKC 3) B Toneped-
HOM CEUEHHHM 3amuinyTcsa B Buze (2) (MOTOKOM Teria
BJIOJIb TPaUTOBOTO CTEPIKHA MpeHeOperaem)

31ech A3 - TEMIONPOBOAHOCTh rpadura; Sz =n (R?

2
— I 1) - mnomans ceuenns rpapuroBoro crepxks; R,

r1 - paauychl TpadUTOBOTO CTEPXKHS M LEHTPAIbHOTO
TOIUTMBHOTO KaHANA; €1 - OTHOCUTEINbHAS OIS TEIIO-
BBIJIeNIeHNUs B TpaduTe;

*
B = pcS1 Uy ATo/(LaN") — Hopmupyrommmii MHOKH-

A 6( 0.) BN )
T& 5 3|~ 33 ! @) Tenb [4]; S1= TC r2. Hcnone3ys pelieHue 3TUX ypas-
To(r) = Ter: HEHUH, MOITyYUM
-I-_3 = 81F + TCT;
BN BN" , pro
E= r2 r:(1-3u+ In , = (R
8,5, "B, O M) =R

Jnst HaxoXIeHUs T¢r BOCHONB3YEMCSI COOTHOLIIE-
HHEM

On = Kn(Ter — Ta),

rae T, — TemrmepaTypa roprouero — TEeIIOHOCH-
Tenst; On = £1BN/(27r1) - MIOTHOCTH TEMIOBOTO TOTOKA
C MOBEPXHOCTHU TOILIMBHOIO Kanana; Kn - koaddurm-
€HT TeIJIO0Tauu, KOTOPBIH, IMpearonaras MoToK Tell-
JIOHOCUTENST TypOyNEHTHBIM, OIpEeIensieTcd COOTHO-
menusmu [6], Kn = NuAd/d; Nu = 0,023Re%8 - P04,

rae NU(v(Ta, ¢p)); Ta, cp = (Ta, 0+ Ta, L )/2 — cpennee
3HaYCHME TeMIepaTypsl Teronocutens B A3, Ta, 0, Ta,
L — COOTBETCTBEHHO TEMIIEpAaTyphl TEIUIOHOCUTENS Ha
Bxozie ¥ Beixozie A3. C yueToM BBIpaXEHHH, ONpeIets-

FOIIUX T U mapamMeTp dop B CTallMOHAPHOM pEXKHME,
3

uMeeM
*
T3 =Ta+ €1BoATo, Bo = i + %, Ao = 2Boe;.
AT, 2L,K,

Hcnonp3ys mocTpoeHHOE BBIpakKeHHUE O, AJIS Ta-
pameTpoB ycraHoBkM MSBR-1000 [1] momyunm koop-
JTUHATHI pabouei Toukn A

o*3=-0,02 - & =—6-10% a*. = 6,210

W3 puc. 1 cnexyer, 9TO B MPUHATOM NPHOIIHKE-
HUM CTAalMOHAPHBIH pPEXHM pabOTBl peakropa He-
ycroiuuB. ITonoxxenne paboueil TOUKH OTHOCUTEIIEHO

TpaHUIBl HEUTPOHHO-(QH3MYECKOW HEYCTOHYNBOCTH
(xpuBas 1, 0U = 3Ta0 = 0) yka3sIBaeT HA CTAOMIIBHOCTH
TETJIOBBIACICHUS B NPEeHEOPEKEHNH TeMIlepaTypHOi
3aBUCHMOCTH BSI3KOCTH TETIZIOHOCHTEIIS.

Jlanee npu aHanu3e BIUSHUS IIapaMETPOB peax-
TOpa Ha CTaOMJIBHOCTh €ro paboThl OTPAHUYUMCS TO-
CTPOCHHUEM IePeCcedeHus] TPAHUIIBI O0IACTH YCTOHYH-
BOCTH IIpsAMOH o = 6,2:107%, kxoTopoll mpHHAIIEKAT
pabouast Touka 4. [Tpu BeIOOpe nrama3oHa HU3MEHEHHS
KOHCTPYKTHUBHBIX U PEXKHMHBIX MapaMeTpoB KpoMme
(U3MIeCKOi peayn3yeMOCTH YYHUTBIBAIOCH CIEAYIO-
mee. OTceueHne yacTu MeTenb NepBOro KOHTypa CHU-
’kaeT pacxoj TOINIMBHOM coiu uepe3 A3 U, clenoBa-
TEJIbHO, YMEHBIIIAET OTHOCUTENIbHBIE THAPABINYECKUE
rotepy B Hel (Manble €). Hanmmune mpomexyTodHoro
KOHTYpa C OTHOCUTEIIBHO MalbIM BpPEMEHEM Ipoxoja
TEIIOHOCHUTENS CYLIECTBEHHO CHUXKAET PacCeHBAaHUE
TemneparypHsix Bo3mymeHuit B TO [3]. Oto cHmxke-
HHUE TPONOPIIHOHAIEHO TeMIepaTypHoMy Haropy B TO
MIPOMEKYTOUYHOTO KOHTYpa U MOXET MOAEIHPOBATHCS
ITyTEM COOTBETCTBYIONIETO YMEHBIICHHUS MapameTpa 1
(yBemuuenust AT12).

Ha puc. 2 (a - r) npexacTasieHa rpanuna ooaacti
YCTOHYMBOCTH MPU U3MEHEHHH MapaMeTpoB 7, 1), K, €.
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He Baprupyemble BeMMUYHHBI IMEIOT YKa3aHHBIC B TA0-  JIOTHYHOE BIIMSIHHE OKa3blBaeT yMEHbLIGHHE Mapa-
muue 3HadeHust. [[yHKTHpHAst mpsiMas COOTBETCTBYET — MeTpa K, OlpeensieMoro CTpyKTypoit moToxa. B uemom
paboueii Touke A. oOpatHast CBs3b, (hopMuUpyeMas TeMIepaTypHOH 3aBH-

[IpuBeneHHBIE Ha PUCYHKaX PE3yJbTAaThl pacdye-  CHMOCTBIO BSI3KOCTH TEINIOHOCHTENS, OKa3bIBAaeT [e-
TOB IIOKA3bIBAIOT, YTO YMEHBLICHHE BPEMEHH MIPOX0Oa  CTAOMIM3UpYIOIIee BIUSHUE H €€ He00X0JUMO YUHUTHI-
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IRIDIUM AND THE CHICXULUB IMPACT DUST

Summary. The prominent Cretaceous-Paleogene boundary clays of marine origin are characterized by their
0.2 — 0.4 cm-thick basal layer so-called the ejecta layer anomalously enriched with mostly extraterrestrial iridium.
It is now generally agreed that this iridium originated from the globally dispersed submicron impact dust originated
from the carbonaceous chondritic impactor of the Chicxulub impact (Mexico). This note shows that the previous
estimation of the mass (10% - 10%4g) of this dust by Pope [1] is probably greatly underestimated. On the other hand,
the far higher mass assessments (ca. 10%7 g) by Alvarez et al. [2], Toon et al. [3], and Moore et al. [4] are far more

satisfactory.

Key words: Cretaceous-Paleogene, asteroid, impact, boundary, clays, iridium

Introduction.The Cretaceous-Paleogene bound-
ary (KPB), about about 65 millions years ago, marks
one of the most significant impact events in the Phan-
erozoic. This impact was probably largely responsible
for one of the great extinctions in Earth history. Alvarez
et al. [2] have recorded the enhanced iridium (Ir) con-
centrations in the prominent KPB marine clays of Italy
(Gubbio), Denmark (Stevns Klint) and New Zealand
(Woodside Creek), Fig. 1. Around the same time Smit
and Hertogen [5] reported anomalous Ir in the marine
boundary clay at Caravaca (Spain), Fig. 1. They pro-
posed that these Ir anomalies were originated from an
asteroid impactor.

Discussion. In their initial proposal, Alvarez et al.
[2] also hypothesized that the Ir-enriched boundary
clays of marine origin are composed of a large quantity
of fine dust which was globally distributed in the at-
mosphere following the impact. Using the Ir anomaly
of these clays, the authors estimated that the mass of the
impacting asteroid equals 3.4 x 101" g, assuming the
asteroid mass fraction injected and globally dispersed
is 0.22 (Krakatau factor). It is now almost generally ac-
cepted that the Chicxulub crater (the Yucatan Penin-
sula, Mexico, Fig. 1) marks the KPB impact [6].

The chondrite identifications of this impactor is
still open for debate and encompasses four types: Cl
[2], CI (Orgueil chondrite) or CV (Allende chondrite)
[7], CM or CO type [8] and CM [9]. Alvarez et al. [2],
based their identification on the fact that it appears Cl
chondrites are typical material within solar system.

Shukolyukov and Lugmair [7], Trinquier et al. [9] and
Quitte et al. [10], argue that chromium (Cr) isotopic sig-
nature of the ejecta layers at Stevns Klint and Caravaca
(and elsewhere) is consistent with the carbonaceous
chondrites but not with mantle-derived rocks (and their
phases) and terrestrial rocks. However, recent high-pre-
cision mass spectrometric analysis of Cr by Qin et al.
[11] shows that there is no systematic difference be-
tween these rocks. In addition, according to Wang et al.
[12] oxidative weathering may effect Cr isotopic ratio
of the sediments, implying that a similar process may
occur in the ejecta layers. A more extensive discussion
of these Cr isotope issues is beyond the scope of this
paper and it will be presented elsewhere.

Kyte [8] based his identification on a 2.5 mm fos-
sil meteorite found in the KPB sediments of the DSDP
site 576 (Shatsky Rise). As pointed out by Quitte et al.
[10], this meteorite fragment may be a fragment of the
impactor, although it is impossible to ascertain if it was
originated as a part of the Chicxulub impactor. Moreo-
ver, the fragment contains about 2000 times of gold
(Au) than the CM carbonaceous chondrite. Most recent
study by Goderis et al. [13] infers that the impactor was
probably a carbonaceous chondrite of CM or CO type.
Their proposal is based on an extensive set of data of
marine and continental KPB sites related to their sider-
ophile abundances and ratios.
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Figurel. Geographic locations of the KPB sites referred in the text.

Most of the prominent boundary clays are of ma-
rine provenance and at the paleodistal sites world wide;
a paleodistal site is at a distance of >7000 km to the
proposed Chicxulub impact site. They are characterized
by their 0.2 — 0.4 cm-thick basal layer so called the
ejecta layer [1, 14, 15]. Early studies assumed that the
primary source of this layer is created by the (strato-
spheric) submicron dust of the impact ejecta [1, 2, 3,
16]. It is now generally agreed that this dust originated
mainly from condensation of impact vaporized sub-
stances. This vapor condensate was composed of the
chondritic impactor and an insignificant volume of the
target rocks (mainly derived from continental crust).
The submicron dust was promptly dispersed after the
impact on the Earth’s surface [1, 2, 3, 16].

The average Ir contents in the carbonaceous chon-
drites vary between 472 ppb (Cl) up to 758 ppb (CV)
[17]. The Ir anomaly of the prominent marine and con-
tinental KPB clays is largely concentrated in the ejecta
layers. The most recent estimation of global Ir fluences
at marine and continental KPB sites vary by over two
orders of magnitude from 8 ng cm to 1087 ng cm
corresponding to a geometric mean of 53 ng cm2 [4].
This value agreed with previous estimate the mean
amount of Ir deposited globally of about 55 ng cm2
[18] or ~2.75 x 10% g (using the fact that the Earth's
total surface area is about 5.1 x10% cm?).

The host of the Ir in the ejecta layers is still not
known. Schmitz [19] and Kyte et al. [20] hypothesized
that Ir in these ejecta layers is associated with fine (sub-
micron) dust fraction of ejecta fallout which has since
diagenetically altered to clay. Indeed, most of the im-
pact-generated large particles would have a very short
residence time in the atmosphere and only the strato-
spheric portion of fine (submicron) dust from the im-
pact could be deposited globally [21]. Indeed, accord-
ing to Morgan et al. [22] the total number, maximum
and average size of shocked quartz grains in the impact
ejecta fallout decrease gradually with paleodistance
from Chicxulub; their average size is about 60 um. In
addition, Korchagin and Tsel’movich [23] described a
numerous metallic microparticles (about 2 um to 50
um) composed of Fe, Ni, Co and Cr of extraterrestrial
origin found in the KPB clay (the Fish Clay) at
paleodistal Stevns Klint. The authors suggest that these

microparticles are related to the asteroid fragments or
micrometeorites.

Pope [1] argued that the most of ejecta fallout
worldwide is derived from vapor condensation droplets
~200 pm in diameter. If this is correct, then all Ir would
be associated the coarse (~200 pm) dust fraction in the
global ejecta fallout. However, no submilimeter-size
particles containing anomalous Ir was found any of the
ejecta layers in the marine or continental KPB clays. A
few large Ir-rich particles are only, however, found in
two oceanic KPB clays at DSDP Site 577 (Shatsky
Rise, Fig. 1) [8, 24]. Although these particles have Ir
contents that range up to chondritic values, it appears
they are not the principal carrier of Ir at these sites [25].
Moreover, these oceanic boundary clays have no dis-
tinctive Ir-rich ejecta layer. Thus, it seems highly likely
that extraterrestrial Ir was initially associated with the
submicron portion of the dust.

For a sake of simplicity, in the following calcula-
tions it is reasonable assumed that the global ejecta
layer is ca. 0.3 cm thick and its density is about 2 g cm-
3: the submicron dust of this layer contains 0.22 [2] and
0.5 [26] of Cl asteroid material containing the lowest Ir
(472 ppb) of the all carbonaceous chondrites [17]; and,
the Earth's total surface area is about 5.1 x108 cm.

Toon et al. [3] estimate that the Chicxulub im-
pactor generated about 3 x 10%" g of stratospheric sub-
micron-size particles globally dispersed which is suffi-
cient to shut down photosynthesis for several months
immediately after the Chicxulub event. If the entire
mass of the global ejecta layer represented submicrom-
eter-sized dust then it would weight about 0.06 g. This
layer would contain 0.01 - 0.03 g of the impactor mate-
rial with about 5 - 14 ng of extraterrestrial Ir. In this
case the Ir fluency of global ejecta layer with the vol-
ume of 0.6 g would be about 5 - 14 ng cm. This Ir
abundance is about 4 - 10 times lower than that, 55 ng
cm?, reported by Donaldson and Hildebrand [18].

The above calculations may infer that the mass of
submicron dust of the impact vapor plume was higher
than the volume of this dust (~3x10%7 g) proposed by
Toon et al. [3]. Another possible explanation is that the
global abundance of Ir (55 ng cm?) at the KPB is lower
than previously estimated. It is worthy of note that
Moore et al. [4] calculated that the global Ir fluency is
28 ng cm and that the mass of the Chicxulub impactor
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was about 2.4 x 10% g. Their assessment is based on
the incongruity between the Ir and osmium (Os) fluence
estimates at the marine and continental KPB sites.

Pope [1] estimated that the total mass of vapor
plume was approximately 2 - 4 x10%* g containing
about 1 - 6 x 107 g of the impactor material. This im-
pactor fraction represents 0.025 - 0.30 of the vapor
plume mass which can be compared with estimates of
0.22 by Alvarez et al. [2] and 0.5 by Vickery and
Melosh [26]. Pope also proposes that the vapor conden-
sates by the Chicxulub impact produced minimal
amounts of submicron-sized dust 10%3 g - 1014 g. Using
his maximum values for both the volume of submicron
dust (10 g) and impactor fraction (0.30) one calculates
that the global ejecta layer would contain ca. 6 pg of
submicron dust originated from the Chicxulub im-
pactor. One also calculates that the global Ir flux is then
as low as about 2.8 pg cm (assuming that the most of
Ir is associated with the submicron dust). This value is
about 20,000 times lower than 55 ng cm™ estimated by
Donaldson and Hildebrand [18].

It is worth of note that simulations of impacts, em-
ploying laboratory experiments/numerical models, in-
dicate that the fate of the impactor is dependent on im-
pactor size, velocity and angle of impact, as well as the
target properties [27, and references therein]. These
simulations imply that if the impact angle is <30° the
most of impactor dust would be deposited at paleodistal
sites. In contrast, subvertical impacts lead to less im-
pactor dust at these sites than observed. In addition, the
impactor fraction which escapes Earth (having velocity
greater than escape velocity) depends on impact angle
and the impactor velocity. According to this modelling,
impact angles of about 45° best fit observed world-wide
Ir mass of 2 - 2.8 x 10! g.

It is also interesting to mention that the experi-
mental data infers that the deposition time of the ejecta
layers of the most prominent marine KPB deposits did
not exceed an upper limit of 100 years [15, and refer-
ences therein]. If this is correct than the infall rate of
the Chicxulub asteroid dust may have been as much as
a factor of about 10° higher in comparison to the flux of
cosmic dust on the present-day Earth of 101° g yr?* [28,
29].

Conclusions. The estimation of the mass (10% -
10%4g) of the stratospheric submicron dust originated
from the Chicxulub KPB impact is probably greatly de-
pleted. On the other hand, the much highest mass esti-
mation (ca. 107 g) is more plausible.
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