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3arapKm CTPAHHOMW FANAKTUKMH

NGC 6946
Yeounennan cnupanvnan earaxmurxa NGC 6946 demon-
cmpupyem 6vL.COKULL memn 36e30000pa3osanus (00viy-
HO HAONI00AUULICA Y 2ANAKINMUK, HAX0OAUJUXCA 6 meC-
HOM coceocmee 0py2 ¢ 0py2om), Heobbluroe pacnpeoese-
HUe MAZHUMH020 NOAA U 2aA306blX 00NAK0E, 00BEKmbL
cmpannolx Gopm. 9mo u3 amux ocobernrnocmeti nodoa-
emca 00BACHeHUTO, d YN0 euje NPeocmoum noHAms?
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2anmckue YCmano6Ku U 02POMHbLe KOALeKMUBLL UC-
creoosameneti, HO U «OOAbUUE» ACMPOHOMbL, KOTNODBLX,
6 C6010 ouepeds, 0enarom maKo8blMU UX OMKDLLINUI.
ITonwv3yacs 106unelinbM TOB000M, PACCKANCEM O 00CMU-
acernunax I0pus Huxoraesuua Eppemosa.

18 P.M.Cemenos, B.B.Kawxosckuii,
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MporHo3 3emneTrpaceHmni.

Mouemy monuar yuenbie?
Hecmompsa na mo, umo celinuac u3eecmno 60abutoe Ko-
AULECMBO NPEOBEeCMHUKOE 3eMIACMPACCHUL, Kamd-
cmpogduneckue coobimus nPooOANCAIOM NPOUCXOOUMb
HeoHCUOAHHO He TMONLKO 0N8 HACeNACHU, HO U 01 Che-
YUARUCMOB-CRICMON0208, d 6 CAYuae He onpasoasuie-
20CA npoeHo3a yuepb om Hez20 Mmoxcem npes3olimi
yugepb om camozo 3eMaempaceus.

29 A.3.Munpy6aer, A.[l.Bonowumnna,
W.3.Banupos, A.F.xeapoe

Buoperpagauma 6enoro docdopa
Leawvtii pochop — 00un U3 CAMbLX ONACHBLLX 3AZPDAZHU-
meneti okpyxcarousetl cpedut. Hedasno yoanocs enepeuie
NOAYUUME KYL6MYPbL MUKPOOP2AHUIMOE, KOMOPbLE
pacmym 6 cpedax ¢ 6b.COKOL KOHUenmpayueil 6en02o
pocgopa, no-6UOUMOMY, OKUCIAL A0068UMOE 8CUECMEO
00 ocpama, HEOOXO00UMO20 UM O HCUIHEOCAMENb-
HOCMU. DO nepevLil 6 mupe npumep 6KA0UeHUL 61020
pocpopa 6 buocgepruviilt KPy2o8opom.

44 T7.A.060308a

MoAaroToBKka monopabiXx GaknaHoB

Ansa poi6bnoro npomsicna B Kurae
JI062a PoiObl ¢ NOMOULIO OAKAANOE — MPAOULUOHHLIL
HAPOOHbLL NpoMbLCeNn, CYujecmeyoujuil 6 Kumae mmnozo
cmoaemuti. Onpoc puLdaKos6 6 mpex 1020-60CMOUHBLY pe-
2UOHAX CMPAHLL NO360UNL ONUCAMNG 6CE IMANLL Pa36e-
0eHus U no020MOBKU MOJLOObLX NIMULY, d MAKICE 6bl-
ABUMD, KAKUE 603DACMHBLE 0COOHHOCMIU 6 0NOCHHO20
nogedenus OAKAAHOE UCNOABL3YIOM KUmMaticKkue poloaKu.
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Dynbrypurbi: «casrTorpadbl MOAHUK»

B NMECYUHbIX AOHAaxX AKyTun
Axymcrue myKyrans. npenooHoCAm uUcCie0068amenim
HeMano cropnpu3os. H 00HUM U3 HUX CIMATUL MHO20YUUC-
JleHHble CKONACHUA PYALZYPUMOE — YHUKALLHOLY NPU-
poonbLx obpasoseanuii, Gopmupyrouuxca npu yoape
MONHULL 8 2DYHIM.
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BoimupaHue CaxXanmHCKOW kabapru
IIpomvLiunennovie 1eco3a20moBKU, 6blOPOCH. XUMUHUEC-
K020 3a600d, OpAKOHbEPCMBO U JeCHble NoNCaAPbL NPu-
genu K paspyuieHuro mecm OOUMAaHUL CAXANUHCKOLL
Kabapau, ymMenvuLenuo ee Kopmoeoil 6asvl u coxpauye-
MU0 ee uucaenHocmu 00 220-250 ocobeli. Yepe3 06ao-
uams nem 3mom oCmpo6HOl N006UO KONLIMHBLLX MO-
acem ucue3Hyme.
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Mysteries of the Strange Galaxy

NGC 6946
The solitary spiral galaxy NGC 6946 shows a high rate of
star formation (usually observed in galaxies in close pro-
ximity to each other), an unusual distribution of mag-
netic field and gas clouds, objects of strange shapes.
Which of these features can be explained, and which still
remain to be understood?

'I 'I A.D.Chernin, L.N.Berdnikov,
A.S.Rastorguev

Big Science Astronomy
Astronomy is made a big science not only by giant instal-
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ACTPODPU3UKA U 3BE3SAHAS ACTPOHOMMUS

Jaragku cmpaHHou raAakmuku

NGC 6946

IO.H.Edppemos

Be3gHas cucreMa NGC 6946

BXOJUT B IIEPBYIO JIOKUHY Ca-

MBIX OJM3KHUX K HaM CIHU-
PaJIbHBIX TIaKTUK, U VXK€ IO3TO-
MY HEYJUBUTEJILHO, YTO OHA IPU-
CTAJILHO U3Y4d€TCAd ACTPOHOMAMHU.
O4YeHb yJJa4eH JIg UCCAEJOBAHUN
HAKJIOH €€ JUCKA K «IUIOCKOCTH»
HEOECHON C(epr — OH OTHOCH-
TeIbHO HeBenuk (okoao 38°). Ho
HE TOJNBKO COCEACTBO U yJOOCTBO
Ha6JII0/ICHUN CTUMYJIUPYIOT HAy4-
HBI HUHTEPEC: T'AJIAKTUKA OKa3a-
JIACh YHUKAJIbHOW Cpa3y B He-
CKOJIBKUX OTHOUIEHUAX.

FOpuiit Huxoaaesuu E¢ppemos, 0oxmop pu-
3UKO-MAMEMAMUUECKUX HAYK, npogpeccop,
2N1A6HBLIL HAYUHBLIL COMPYOHUK OMOCNA U3)HUe-
nua lanaxmuxu u nepemernnsvix 36e30 l1ocy-
0apCcmeentno20 acmporHoOMU“ecK020 UHCMU-
myma umenu I1.KIImeprbepea Mocrkogckozo
20cyo0apcmeeninoz20o yuueepcumema UMeHU
M.B.JIomonocoga. O6nacms HayuHbulx unmepe-
Cc08 — 36e30000pasoeanie, cmpoenue Hauetl
\ Tanaxmuxu u 0py2ux 2anraxmui, 36e30Hbie
2DYNNUPOBKU, UCMOPUAL ACMPOHOMUL, OOPLOA
C LHCeHAYKOI.

B mae IOpuii Hurxonaesuw, nawt 0ASHull U NOCMOAHHBIIL A8mMOop

(umerowuii 6onee 30 nybauxayuii 6 <[lpupooe», nepeéas u3 Komo-
powx damuposana 1962 zodom!), ommeuaem 80-nemue. Pedaryusn

PepKoCTHbIe yepTbl

cepdeuro no3opasaiem 10OUNAPA U HCeRAem eM) HOBBLX HAYUHBLX

YCnexos u, pasymeemcs, Ho8uLX APKUX Cmameli.

Heo6srano nonoxenne NGC 6946
B IIPOCTPAHCTBE — BAAIM OT BCEX
JOPYIUX TalakKTUK (HE CUMUTAsd, KO-
HEYHO, HECKOJLKUX €€ KaPJIUKO-
BBIX CIIYTHUKOB), B MAJIOHACEJIEH-
HOM O6JIACTU — B TdK HAa3bIBae-
MoM MectHoM Bofije (Local void).
Bosee m3secTHA JApyrasg oco6eH-
HOCTb 3TOU I'aJIaKTUKU: ¢ 1917 1o 2008 1. B HEll 3ape-
TUCTPUPOBAHO JICBATH BCIBIMIEK CBEPXHOBBLIX 3BE3[I.
DTO PEKOP/HOE KOTUUECTBO TAKUX BCIIBIIIEK, HAOJIIO-
JABIINXCA B KAKOU-THUOO TraJaKTUKE, — U CBU/IETEND-
CTBO BBICOKOT'O TeMma o6paszoBarus B NGC 6946 ca-
MBIX MACCUBHBIX 3B€3[], KOTOPBIE HA MMO3JHUX CTA/|U-
AX 3BOJIIOIIUH, IIOCJIE BHITOPAHUA B UX HEAPAX s/iep-
HOTO TOIINBA, OYE€Hb OBICTPO, 34 HECKOJBKO JHEH,
PE3KO YBEJIMYUBAIOT CBOIO APKOCTDb U 3ATEM ME/IJICH-
HO yTacaioT, NPEBPAIAdACh B HEUTPOHHBIE 3BE3/bI
WA YEPHBIE JBIPHL

Csoe npossuiie OerepBepK 3Ta TUIAKTUKA 1Oy
Ynaa, OAHAKO, HE M3-32 YACTBIX BCIBIIIEK CBEPXHO-
BBIX, 4 34 OOUJINE APKUX 06J1ACTEN HOHU3UPOBAHHO-
ro sogopoza HII (puc.1). laHHBIHA (DAKT TOXKE YKA3BI-

© Edppemos 10.H., 2017

KiIroueBBI€ C/10BA: I'ATAKTUKY, CIIUPAJIBHBIC PYKABA I'AIAKTUK, 3BE3JHBIE KOMIIIEKCHI,
3BE3JHBIE CKOIITICHMUS.
Key words: galaxies, spiral arms of galaxies, star complexes, star clusters.

BAaeT HA MHOTOYMUCAEHHOCTh B NGC 6946 MaCCUBHBIX
3B€3/] (IO MaCCE€ MPEBBHIMAIONUX BOCEMb COJIHEU-
HBIX), KOTOPBIE CIOCOOHBI HE TOJBKO B3PBIBATHCA,
KaK CBEPXHOBBIE, HO U MOHU3UPOBATh CBOUM U3JIyde-
HUEM COCEJJHUE BOJJOPOAHBIC OOMaka. A ux obunue,
B CBOIO OYEPENb, OOBACHIAETCSA BBICOKUM TEMIIOM CO-
BPEMEHHOT'O (T.€. B OCIEAHUE HECKOJIbKO MUJIIHO-
HOB JIET) 3BE31000PA30BAHUSA B 3TOU TalaKTHUKE.
MaccUBHBIE 3BE3/IBl BEJb KUBYT HEJOITO, HEMHOTHE
JIECATKU MUJUIMOHOB JIET: HEAKOHOMHO PACTPa4YnBas
Ha OIPOMHYIO APKYIO CBETUMOCTb U BBICOKYIO TEMIIE-
paTypy HOBEPXHOCTH CBOM 3AI1ACHI AJJEPHOIO TOIIU-
B4, OHM 3aKaHUYUBAIOT CBOIO SIPKVIO KM3Hb, BCIIBIXHU-
Bas KAK CBEPXHOBBIE 3BE3JIHL...

KoHe4HO, clefyeT 3aaTbCad U CIEAYIONUM BO-
IIPOCOM: IOYEMY XKE B TOM M3OJIHMPOBAHHOU TaJdK-
TUKE HAOJIOAAIOTCSA MPU3HAKY UHTEHCUBHOI'O 3BE3-

OPHPOJA « Ne5 « 2017




ACTPODPU3UKA U 3BE3SAHAS ACTPOHOMMUS

Puc.1. lfanaktuka NGC 6946 (cneBa, M306paxeHue NonyyeHo Ha Teneckone Subaru; NMHMS, NPOXOAALLAA Yepes ee LeHTP, NoKasblBaeT
GOoNblUyI0 OCb ranakTUKK) W ee LeHTpanbHas obnactb (cnpasa). MogyepkHYT KpacHblil UBeT obnacteit HIL, usnyyawowmx B IMHAN
Bogopoaa H, — nx obunue u apkocTb 06bACHAIT Npo3BuLle PeliepBepk, 3aKpenuBlLeecs 3a 3TOM ranakTUKoN.

JOOOPA30BAHUA — OOBIYHO OHO CTUMYJIUPYETCA Ha-
JU4YUeM OJU3KUX COCENEN, NPUIUBHBIMUA BO3/JEHCT-
BUAMH UX TATOTEHUA. OJHAKO 3TA AJIAKTHKA 3a/1A€T
u 60j1€€ TPYAHBIE 3ATATKN.

YHUKAIbHOM 0c06eHHOCTBI0 NGC 6946 OKa3bIBa-
€TCA TAKXKE TO, 4TO, XOTA MATHUTHOE IOJE B HEM
1 KOHIIEHTPUPYETCS B MIUPOKUX PYKABAX, 3TU Mar-
HUTHBIE PyKaBa PACHOJNIOXKEHBI MEXY HAOIIOLAEMBI-
MU B ONTHKE 3BE3NHBIMU CIIMPAIbHBIMH PYKABAMH,
4 HE BHYTPH HUX, KAK 3TO HAOIIOMAE€TCA BO BCEX JPY-
I'MX CIIUPANTbHBIX TATAKTUKAX, II€ MATHUTHOE IIOJIE
HCCIEN0BANOCh. CAMU ONTUYECKUE PYKABA 3J€Ch TO-
K€ IHUPOKUE U PA3MBITBIE, TPYAHO [AXKE CKA3aTh,
CKOJIBKO K€ UX — 4YeThipe uau narb. O6mactu HII
Pa36pOCAHbI IO BCEH IATaKTUKE, B TOM YUCJIE U ITOCE-
penuHe PYKaBOB, TOTJA KAK B OOBIYHBIX CIIMPAIbHBIX
TFaIAKTUKAX OHHM COCPENOTOYMBAIOTCA BIOJb BHYT-
PEHHUX KPA€B PYKABOB, YKA3bIBAA HA MOJOKEHHUE MO-
JIOABIX TOPSAYUX 3BE3/l, MOHUBUPYIOMUX COCEAHUU
BOJOPOA (M TEM CAMBIM Ha I'PAJUEHT BO3PACTOB
3B€3]] IOIIEPEK PYKABA).

Puc.2. Tanaktuka NGC 6946 (B ueHTpe) Npu cneuuanbHO YXYAWEHHOM pa3peLeHun
HaMoOMWHAET OYEHb AaNeKne «WEepPCTUCTbIe» ranakTuku (Cesa u cnpasa).

Mosoabie 3BE€3/]bl B CIUPAJIBHBIX PYKABAX MHOTHX
TJIAKTHUK 0O6PA3YIOTCSA B PE3YIBTATE YIUIOTHEHUS I'a3a
BOJTHOM IUIOTHOCTU HA BHYTPEHHEM KPa€ PyKaBa; 06-
pamasch BOKPYI LIEHTPA TAJIAKTUKU OBICTPEE, YEM
BOJIHA IJIOTHOCTH, K BHEMIHEMY KPAI0 PYKABA 3BE3/BI
IIPUXOJAT HECKOJIBKO NOCTapeBIUMU. OOHApYKEHUE
TAKOT'O TPA/JUEHTA B OTHOM U3 PYKABOB I'AJIAKTUKU AH-
JPOMEZA CTAIO B CBOE BPEMS BA’KHBIM IO TBEPAK/ICHU-
€M TEOPUM PYKABOB KAK BCETaNAKTUYECKUX BOJH
INIOTHOCTH B HI-AucKax (AMCKAX HEUTPAIBHOTO BOJIO-
poO/id) CIUPAIBHBIX TUIAKTUK. OTHU BOJHBI BPAMAIOTCA
BOKPYI IIEHTPA FAJIAKTUK C NOCTOAHHOM YITIOBOM CKO-
pPOCTBIO, TOTJa KAK CKOPOCTHU OOpalleHUs U I'a3ad,
U 3BE3[] U3MEHAIOTCA C PACCTOAHUEM OT LIEHTPA.

[pu muskom paspeuicauu NGC 6946 noxmareie
CIIUPAJIbHBIE PYKABA B HEHM BBIIVIAJAT MOXOXHUMHU HA
HAOII0JAI0MUECH B JATEKUX «IEPCTUCTBIX>» (WOOlly)
IaJAKTUKAX, ONMCAHHBIX B CTaTbhe bproca u [lebpn
DnpMerpunos [1]. Takue raJakTUKA UMEIOT OONbIINE
KpacHble cMemenus (z B unrepsane 1.4-1.8) — ciue-
JOBATENBHO, OHU HAXOAATCA OYEHDb JANEKO (puC.2).
Cpeau OIM3KUX CIUPATbHBIX T'd-
naktuk Hama NGC 6946, moxer
OBITh, HE CJYYAMHO BBITVIAJUT IIPHU-
HIE/IbLIEM U3JAJIEKd; TOYHEE I'OBO-
psd, €e BHEMIHUH BUJ] MOXET OBITh
KaK-TO CBS34H C €€ JIOKAIU3ALUEH
B 00JACTH € MaJIO¥ IJIOTHOCTBIO
TIAKTHK.

DTa TAIAKTUKA OTINYAETCH
1 OOJBIIUM KOJUYECTBOM «JIBIP»
B I'd430BOM CJIO€ €€ JIMCKAd — OHH
BU/IHBI K4K B Pa/JUOUANIA30HE (HA
JJIMHE BOJHBL 21 CM), TAK U B UH-
(paKpaCHBIX J1y4aX, B KOTOPBIX
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JIAKTUYECKUMU T'a30BBIMM OO/IaKa-
MU [2] WK C KAPJIUKOBBIMU I'dJIAK-
THKaMU [3], HO YOEAUTENbHBIX Olle-
HOK YaCTOTBHI CTOJKHOBEHUSA TAKO-
r'o pojia OO'BEKTOB C OOJNBIIUMHU I'd-
JIAKTUKAMU JIO CUX IIOD HET.

Ha Ham B3r/1s4, Haubonee yoe-
JUTENbHOE OOBACHEHUE MPOUC-
XOX/JEHUA OOJBIIUHCTBA ABIP B I'd-
30BBIX JJUCKAX IAJIAKTUK YK€ JdBHO

Puc.3. NGC 6946 B 6nuxkHeit MHdpakpacHoii obnactu cnekTpa (cnesa) u Ha BonHe 21 cM
HeiTpanbHoro Bogopoaa HI (cnpasa). KpacHble oBanbl 0TMEYAIOT «AbIpbl», 061aCTh No-
HWKeHHOI nnoTHocTu B HI-gucke ranaktuku. OHu BUAHBI U HA VIK-u306paxeHnu, 4to 03-
HayaeT HU3KYIO NIIOTHOCTb B AbIpax He TONbKO HelTpanbHOro BOAOPOAA, HO U TEeNON Mbl-
nn. Ha 06a n3o6paxeHus HanoXeHo (B MPaBOM HUXHEM Yry) MOJOXEHWE WENN CNeKT-
porpacda bTA, npu KOTOPOM NOsIyYEHbl CNEKTPOrpaMMbl, MOKa3aHHbIE Ha puC.7 ceBa.

M3AY4aeT 9yTh TEIAAs MbUIb, TOKE KOHIEHTPUPYIO-
LIASACHA B JUCKE TUIAKTUKU (PUC.3).

PopocnosHasa Abip

Hexoropele n3 atux aulp (holes) B razoBom aucke
NGC 6946 OrpoOMHBI, IHAMETP HAUOOBIICH U3 HUX
COCTABJIAET ~2 KIIK. TakMe pazMepbl 3HAYUTEIbHO IIpe-
BBIMIAIOT TOJIIIUHY Ia30BBIX JUCKOB IraJIAKTUK. OOBIYHO
CYUTAETCA, YTO NMOJOOHBIE ABIPBI OBIIM OOPA30BAHEI
MCTOYHUKAMM JIABJICHUS, JICMCTBOBABIIMMU BHYTPU UX
3apoJbIIIEn (TIPEkKAE BCErO TOPAYUMU 3BE3AAMU U He-
OJHOKDPATHBIMU BCIIBIMIKAMU CBEPXHOBBIX), OJHAKO
cJelbl UX AKTUBHOCTU BHYTPHU JBIPp BCTPEYAIOTCH
O4YeHb peKo. Tak WM nHade, JaBIEHUE HA OKPYXKAIO-
M I'a3 M, COOTBETCTBEHHO, YBEJUYECHUE AUaAMETPA
JBIPBI IPEKPALAIOTCS, KOIJA €€ JUaMeTp CTAHOBUTCA
ONMU3KUM K 3(PQEKTUBHON TOJIIUHE I'dA30BOIO JUCKA
TaJaKTUKA, KOTOPBIM BPsJ U OOJbIIE COTHU-APYIOM
MapCceK — a JUAMETP MHOTHX ABIP CYIECTBEHHO OOb-
mie. 9ta NpobaeMa U3BECTHA U I OOJIBIIUHCTBA APY-
I'MX CHUPAJIbHBIX I'AJIAKTUK. B KayecTse JT0KaIU30BaAH-
HBIX MCTOYHHKOB JIaBJICHUA, KOTOPbIE MOI'YT Pa3ro-
HATDH I'a3, 06pa3ysa AbIphl B HI- JUCKAX TaTaKTUK (TOMU-
MO CBEPXHOBBIX U 3BE3JJHOIO BETPA OT 'OPAYMX 3BE3]),
JABHO YK€ PACCMATPUBAIOTCS CTOJTKHOBEHUA C MEXKIa-

Jan B.OnpMerpuH, KOTOPLIM npej-
MOJIOKUJL, YTO CHELUANBHYIO NIPHU-
YMHY (POPMUPOBAHUA JBIP UCKATD
He HYKHO [4]. Jeso B TOM, 4TO Typ-
OYJIEHTHOCTb B MEX3BE3JHOM Ta3e
1 (ppaKTaIbHAA CTPYKTYpPa ETO 06-
JIAKOB CAMH 110 cebe yKE MOJpasy-
MEBAIOT HAINYHE OOJBHIMX U Ma-
JIBIX JIBIP B I'A30BBIX JIUCKAX I'dJIdK-
TUK, HE TPeOys CYIECTBOBAHUSA OT/ICTBHOI'O MEXAHU3-
Ma i1 UX (POPMUPOBAHUS. DTA e HE ObUIA PA3BUTA
JaTblle U HYXKAAE€TCA B MOATBEPXKJCHUAX. Tak Wau
MHAYe, CPABHEHUE MOJIEIEN DIbMErPHUHA C 06JIACTBIO
Ha 3amaje NGC 6946 (a 3amaj Ha ACTPOHOMHYECKIX
KAPTUHKAX 6cez0d CIpaBa — MO0 ACTPOHOMBI CTAPa-
I0TCA HAOIIO1ATh CBOU OO'BEKTHI, KOTJIAa OHU B MEPU/IU-
aHe, T.€. Ha I0T€, U UMEIOT MAKCUMAJIbHYIO BLICOTY HAJl
TOPU30OHTOM) NOK43bIBAET HECOMHEHHYIO CXOKECTb
HA06JII0/14EMOY U TEOPETUUECKOU KApTUH (pUC.4).

DTOT PUCYHOK MOKA3BIBAET, YTO PACIpEEIeHAE
HI (cieBa) ¥ ra3oBplX OOIAKOB, U3IYUAIOMUX B 1dJIb-
HEM MH(PPAKPACHOM /Mana3zoHe (B I[EHTPE), OUYECHD
MOXOKU. BUJIHO TaKKe, YTO TUT'AHTCKUE ABIPHI B PaC-
npepeneHun HI BKIIOUAIOT B Ce6S Kak HeOOJbIINE
ra3oBble 00MaKd, TAK U CBOOOJHOE IMPOCTPAHCTBO
MEXKYy HUMMU.

C pyro CTOPOHBI, KAK MHOTO JIET HA3aJ 3aKJIIO-
gy K.Xeniec, HE UCKIIOYEHO, YTO «AT'€HT, OTBETCT-
BEHHBIA 34 CYIECTBOBAHMUE KPYIIHBIX JIBIP [B I'd30BbIX
JUCKAX TAJIAKTUK] MOXKET NIIPEACTABIATD HOBBIA, HEU3-
BECTHBINA BUJ] ACTPOHOMUUYECKUX OOBEKTOB» [5]. Ipu-
XOAUTCSA KOHCTATUPOBATD, YTO B NPUPOJE KAK OOJb-
MHX, TAK 1 MAJIbIX ZIpr 10 CUX HOp MHOT'O HEITIOHATHO-
ro. [Touemy, HAIpUMED, JIBIPBI B TA30BOM JUCKE OIU3-
KON CHUPAJIbHOU TI'aTaKTUKU M81 CTOJb MHOI'OYMC-
JIEHHBI U, KDOME TOT'O, IIOYEMY BCE OHU OYEHDb MAJIbI?

Puc.4. 06nactb ranaktuku NGC 6946 Kk 3anagy oT ee ueHTpa. CneBa — M306paXKeHNUe B TMHUM HeilTpanbHOro Bogopoaa 21 cm,
B LeHTpe — B 6auxHeit NK-obnacTu, cnpaBa — B onTuyeckom fuanasoHe (Teneckon Subaru).
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CTpaHHbIi KOMNJIEKC

MHOTIOYMCIEHHBIE (B TOM YHCIE U OOJBIINE) JBIPLI
Ha6JII0AI0TCS B T'A30BbIX JUCKAX MHOTUX CIIUPAIBHBIX
U HCIIPABUJIBHBIX IANAKTHK, HO B NGC 6946 mmeeTcs
€IIE U YHUKAJIBHBIM OOBEKT — 3TO KOMIUIEKC XO/K4,
3aMEUYECHHBIIN €Ie MOJBEKA Ha3aj [6]. [leTaipHOE €ro
M3YYEHUE HAYATOCh TOJBKO B Ha4asue 21-ro CTONIETHS.
KOMIIIEKC UMEET PE3KUI 3A11aJHBIA KPAU, ABIAIOIUI-
Cg Ha jgyre B 134° 4acTplO NPABWIBHOU OKPYKHOCTH,
1 HENIPABWIBHYIO BOCTOUHYIO TpaHUIly (pUC.5). B HEM
HAXOJUTCA TUTAHTCKOE MOJIOAOE CKOIJIEHUE U MHOT'O
HEOOJIBIINX, TOXXE MOJIOABIX, CKOIIEHUH. Juamerp
3TOr0 KOMILIEKCA OKOJIO 700 MK, HE TAKOW YK PEAKUN
JUIs 3BE3/IHBIX KOMIIJIEKCOB, — YHUKAJIbHA €TI0 UJICATb-
HO INPAaBUJBHASA IOJYKPYTOBas 3amajHas IPAHUIA.
M300paxenus KoMmIuekca Obuid nmonaydeHsl Ha HST
(KOCMHYECKOM Teseckone «Xab6/») U pe3yabTaThl UX
M3Yy4YEHU OBUIH ONYOINKOBAHBI B HECKOIBKUX COBME-
CTHBIX CTAThSIX I'OJNJIAHJCKUX, AMEPUKAHCKUX, UCMAH-
CKUX U POCCHUICKUX ACTPOHOMOB.

Heckonbko mosgHee Ha 6-MeTPOBOM Bombmom
Teneckone asumyTranbHoM (BTA) CnenuanbHON acT-
podusunueckoit o6cepparopun (CAO) PAH 6bl1u 110-
JIY4EHBI U300PAKEHUA KOMIIJIEKCA U €TI0 OKPECTHOC-
TeN B Y3KUX CIEKTPAJbHBIX AWana3onax [7]. Hekoro-
pble M3 HUX TTOKA3aHBI HA puC.6. BujgHO, 4TO CUHEE
OATHO B LEHTPE (JOKAJIbHBIN MHUHHUMYM JIYYE€BBIX
cKopocTed, V,) B TOUHOCTU COBHIAJAET C 006JACTHIO
AHOMAJIBHOW MOHMU3AIIUN, O KOTOPOU I'OBOPUT BBHICO-
Koe 3Havyenue (OKoao 1.2-1.5) OTHOMmIEHUSA UHTEH-
CUBHOCTH 3MHUCCHOHHBIX JHUHUH HMOHHU30BAHHOTO
asora [NII] (¢ pmuHO# BoMHBL 6548 1 6583 A) u BO-
nopoaa H,* (puc.6). Yamie BCEro TaKWe 3HAYEHUS
CBUJETENBCTBYIOT 06 yZApHOW (a HE TeMIEpaTyp-
HOW) MOHU3AINU T'a34, 1 B cTaThe 2007 I. MBI 3aKIIO-
YUJIM, YTO 3TO CHHEE MATHO €CThb JBIPKA, MPOOUTAA
KaKUM-TO OOBEKTOM, MPOUIEANINM CKBO3b T'a30BBIN
1uck NGC 6946, TO3TOMY Mbl U BUIUM YIAPHYIO HOHU-
3anu0. O HAIMYUU TAKOU JBIPKU BPOJAE OBl I'OBO-
PUWJIN HE TOJBKO U300PAXKEHUA, IPEACTABIECHHBIE HA

* H, — mepBast muHus (C JUTMHOM BOMHEI 6563 A) 6ambMepOBCKOL
Cceprn BOJIOPO/IA, JIEKANEH B BUJJUMOM O6/IACTH CIIEKTPA.

HIDKHEH 9aCTH PUC.6, HO U COBMAAIONIUI C HEH J10-
KaJIbHBIIT MUHUMYM JTY4EBBIX CKOPOCTEH.

OzHako B caeayiomen crarbe (8] HaM NIPUIUIOCH
IIEPECMOTPETDL CBOE 3aKI0UeHUE. JJeTaTbHO U3YYUB
T€ K€ CHEKTPOrPAMMBI, MBI HAIJIA, YTO JIYUYEBBIE CKO-
pPOCTH ra3a MOXHO PACIIENUTbh HA JABE COCTABIAIO-
mue. OJ1HA U3 HUX JIEUCTBUTENBHO BO3HUKAET B I'a3e
aucka NGC 69406, a BOT jpyrasg — B ra3e HAIIEro
Mneunoro Ilyru, a Tounee, B obnakax HI, Haxonps-
IIAXCA HA TATAKTUYECKOU MUPOTE +12°, HA KOTOPOU
pacnonoxena NGC 6946.

Ha puc.7 (ciaeBa) NPUBEAEHBL JIydeBblE CKOPOC-
TU — Ui HEUTPAJIBHOI'O BOJOPOJA U ONPEEIEHHbIE
110 TMHUU H, — BJOJIb MIEIH, IOTOXKEHUE KOTOPOU HA
done Bceit ramakTuku NGC 6946 nmoka3zaHo HA 060UX
4acTAX puc.3. [Ipeacrasneno TakKe NPOCTPAHCTBEH-
HOE pacIpeieleHue HHTEHCUBHOCTU 3MUCCUOHHON
aunun H.. B mpasoit yacTu puc.7 npuBejeHa Kpusas
Bpamenust NGC 6946, noaydennas B padore [9] mo
JAHHBIM O HEUTPAJIBbHOM BOJgOpoAae. OJHAKO HA 3TOM
PHUCYHKE, IOMUMO KPUBOH BPALECHUA BOLOPOAHOI'O
aucka NGC 6946, BuJHA U CTPAHHAS TOPU3OHTAIIb-
Has MOJIOCA TA30BBIX OOJIAKOB C MOYTU OJUHAKOBOU
CKOPOCTBIO, OT =15 10 =30 KM/C. DTa IIOJI0CA MOXKET
NPUHAMIEKATh TOJBKO I'd30BOMY CJIOIO IEPEJHETO
IaaHa, T.e. Hamen lanakruke, Miaedynomy Ilyru! ITpu-
MEPHO TAKHUM 3HAYCHUAM JIYy4EBOU CKOPOCTU COOT-
BETCTBYET U [BET CUHEIrO ISITHA HAa PUC.6. HEemoHsT-
HO, II0YEMY ABTOPHI [9] HU CJIOBOM HE YIIOMAHY/IU 3TY
IOJIOCY. BIpo4yeM, U MBI BE/Ib JTUIIb HEJABHO J0/yMa-
JIAChH JIO IPABUJILHOIO €€ OObACHEHUA.

Crasio SICHO: eC/IU CHHEE MATHO HA PUC.O COOTBET-
CTBYET JIOKAJIU3ALUUU OOIACTH, KOTOPAsl MOKA3BIBACT
OTHOULICHUE JIMHUM, TUIIMYHOE I YIAPHOU MOHU3A-
LMY, TO INPEXIE BCETO IIOTOMY, YTO 3TO €CTb ABIPKA
(cropee, ABIPOUKaA, H6O — Ha paccToTHUH NGC 6946 —
1 cexyHza ayru cooTBerTcTByeT 30 mapcexkam) B ra3o-
BoM cioe ucka NGC 6946 v CKBO3b 3TV JIBIPKY MBI MO-
JKEM YBU/IETb CHEKTPAJIbHBIE OCOOEHHOCTH Ia3a Ha-
men COOCTBEHHOU [AIAKTUKU HA TAJAKTUYECKON MU-
pore +12°. Jleso B TOM, 4TO U B HAILIEH, U B JPYI'UX I'd-
JMAKTUKAX Ta3, HAXOJAMMICA BBICOKO HQJ HMX IIIOC-

KOCTBIO, UMEET AHOMAJIBLHOE OTHOIEHUE WHTECHCUB-
HOCTHU JIMHUH Kak a30T1a [NII] (6548 + 6583), Tak u ce-

Puc.5. N306paxeHns komnnekca Xoaxa. Cnesa — faHHble KOCMUYeCKoro Teneckona Xa66s, UV-guanasoH; B LeHTpe — KOMMIEKC
1 ero okpecTHocTu (Teneckon Gemini North); cnpasa — HasemMHoe U306paxeHue C yBENMYEHHOI KOHTPACTHOCTbIO (Teneckon cpes-
Hero pa3mepa). LleHTpanbHas yacTb Komnnekca XoAxa pe3ko orpaHuyeHa ¢ 3anaga (cnpasal) ayroit uaeanbHon OKpYXKHOCTH.
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Puc.6. N306paxeHus komnnekca Xofxa v ero 6nmxaiilumx oKpeCcTHOCTEl, UCCNef0BaHHBIX C NoMolybio cnektporpacda MPFS (Multi-
Pupil Fiber Spectrograph) Ha 6-meTpoBom Teneckone BTA. BBepxy: usobpaxeHue, nonyyeHHoe Ha Teneckone Gemini North (cneBa;
6enoit pamKoii orpaHUYeHo none, UCCNefoBaHHOe cnekTpanbHo Ha BTA); none nyyeBbix cKopocTeil B Npefenax 3Toro yyacTka (cnpa-
Ba; M30MHUM YKa3bIBAOT NOJIOXKEHNE 06nacTel, APKUX B TMHUN H,; OHW BUAHBI U HA IEBOM PUCYHKe). BHU3Y: KapTbl BEAUYMH OTHO-
weHns uHTeHcusHoctv nuuuit [NII]/H, (cnesa) v nunmit [SII]/H, (cnpasa). 06nacTb HU3KKUX CKOPOCTEN (CMHEEe MATHO) COBNAfAET
C Y4aCTKOM BbICOKOI BennyuHbl oTHoweHus auHuit [NII] v [SII] k H, (YepHoe nATHO). 34eCb HAXOAMTCA «AbIPKa» B ra30BOM AUCKE
ranaktnkn NGC 6946, ckBOo3b KOTOPYIO Mbl HabnlofjaemM XapakTepucTMKK rasa Hawero MneyHoro lMytv B faHHoi obnactu. KoopanHa-

Tbl AdHbl B CEKYHAAX AYIN, HA4YaNno OTCYETA COOTBETCTBYET NONOKEHUIO ﬂpqaﬁmero 3BE€3[HOr0 CKOnJieHua B KoOMNaeKce.

pol [SI[] (6717 +6731) K MHTEHCUBHOCTHU JIMHUU BOJIO-
pona H,, — 1 3HaUE€HUE 3TOTO OTHOMEHUSA COOTBETCT-
BYET YJJAPHOMY BO30YK/CHUIO CIIEKTPATbHBIX JINHHUI.
JaHHBIA (DAKT JABHO YK€ U3BECTEH B BUJUMBIX C peb-
pa (T.. IpX OPHUEHTALUH €€ IIJIOCKOCTH BJJOJIb HAIIETO
Jy4a 3pEHUA) CHUPAIbHBIX T'AJIAKTUKAX — BHE IJIOC-
KOCTHU UX JINCKOB OTHOINIEHNUE NHTCHCUBHOCTHU CIIEKT-
PAaJbHBIX TUHUH YKA3BIBAET HA YAAPHOE BO3OYK/CHUE,
MPUYNHBI 3TOT'O ITOKA HEU3BECTHBL

WTaK, CHEe MATHO HA PUC.6 — OTHIO/b HE 06JIACTD
VAAPHOTO BO3OYKICHUS B ra30BOM jucke NGC 6946,
4 CPABHUTEJIBLHO HEOONBINAA ABIPKA B HEM, CKBO3b KO-
TOPYIO MBI BUJUM TI'd3 HAMEW [aJaKTUKM HA MMUPOTE
~12°, UMEIomuI JIydeByI0 CKOPOCTh OKOJIO —20 KM/C.
M3nyueHue BBICOKOMUPOTHHIX 061akos HI Hamelt Ia-
JAKTUKHU, KAK BUJHO U3 PUC.7 (CIpaBa), OOHAPYKUBA-
eTcst moBciofly B Hanpasnenun NGC 6946 (3amerum,
4TO PA3MEPHI 3TON I'ATAKTUKU JNAIb OKONO 20x20 yr-
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Puc.7. Paspesbl (cneBa) Bnonb wenu cnektporpada bTA, nonoxeHue KoTopoii nokasaHo Ha puc.3. CHU3y BBepX: NyyeBble CKO-
pocTu HelitpanbHoro Bofopofa HI (ropusoHtansHas nonocka npu V. = —30 km/c Bo3HukaeT He B NGC 6946, a B pa3pexeHHOM
BbICOKOLWMPOTHOM ra3e Hawei [anakTuku); nydyeBble CKOPOCTU MO NUHUM H, (M3 ABYX KpMBbIX BEPXHAf, 60Nee BbICOKOCKOPOCT-
Has, poxpaaetca B razoBom pucke NGC 6946, a BTopas — B HalleM rase); UHTEHCUBHOCTb IMUCCUOHHON AnHUKM H, (npoBan mex-
Iy LByMs ropbamu B LI€HTpe COOTBETCTBYET IOKANbHOMY y3KOMY MUHUMYMY V, cpefiHero rpaduka u cUHeMy, TEMHOMY, NATHY, BU-
AMMOMY Ha puc.6). B npaBoii YacTu pucyHka nokasaHsl syyesble ckopocTu HI, usmepeHHbie B paboTe [8] BRonb 6osbWwoi ocu
NGC 6946. Yka3zaHbl pacCTOAHNA OT LHTpa ranakTuku. BupHa He ToNbKO KpMBas BpaLLeHMA 3TOI ranakTUKW, HO U FOPU3OHTaNb-
Has Nonoca, BO3HUKILAA B BbICOKOWMPOTHOM ra3e Hawei fanakTuku. YacTb 370 NONOCHI M BUHA HA HUKHEM PUCYHKE CneBa.

JOBBIX MHUHYT — HHYTOXHAS /IO OT IUIOMAAN HEOO-
CBOJ/Ia), 1 OHO HAMHOTIO c1abee, 4eM NMPUXOJAIIEE OT
IUIOTHOTO ra3a jucka NGC 6946. Tenepp 310 mpea-
CTABJIACTCS COBEPIIEHHO OUEBU/THBIM, HO YTOOBI PA30-
6paTbCs, MOHAZOOUIOCHh U BPEMs, U 3HAHHUE XaPaKTe-
PHUCTHK Pa3peKEHHOIO r'a3a HAIIEH U JIPYIUX IalaK-
THUK BBICOKO HA/l UX IUIOCKOCTBIO. OCTAETCSA O/HAKO
BOIIPOC: Y€M OBLIO BBI3BAHO OOPA30BAHUE ITOU «CHU-
HEI IBIPKK> B MIIOCKOCTH Ta30BOTO Arcka NGC 6946.

BepHuemcsa Tenepp K KoMIuieKcy Xojxa. IIpaBuib-
Hasl Kpyrosast (opma €ro pe3kon 3anaJHON IPAHUILLBI
(puc.5, 8) HABOAUT HA NPEATIONOKEHUE, YTO OH MO-
JKET ObITh KAPJIUKOBOU I'JIAKTUKOM, KOTOPAs Ilepece-
Kaer razosoe rano NGC 6946 OTHOCUTETbHO HEBBI-
COKO HaJ] IIJIOCKOCTBIO 3TOU I'dJIAKTUKHU.

Ocenpio 2016 T MBI VBHAETH BO3MOYKHOE IOJI-
TBEPXKJAEHUE ITOU TUNOTE3B. HeEgaBHO BCTYIHI
B CTPOM 2.5-METPOBBIN TeJIeCKOI KaBKa3CKOI rOpHOU

Puc.8. N306paxeHns komnnekca Xopxa. Cnesa — B nuHusax [SII] (6717 + 6731), B LeHTpe — B uHUM H, (0bpaboTaHHble geTanu
1306paXeHnit, NoNy4YeHHbX Ha 2.5-meTpoBom Teneckone KI0 TANLL MIY), cnpaBa — peTanb U306paxeHns, NoNy4YeHHOro Ha 8-M pe-
tnektope Gemini North Ha MayHa-Kea.
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o6cepsaropun (KI'O), nocrpoennoin giusa AN MI'V
(YHHKAJIBbHOE CETOJAHSA Ui HAIEH CTPAHBI COOBITHE
ONuCaHo B KypHaue «[Ipupoga» [10]), u ang paboTsl
HA HEM YK€ UMEIOTCA Y3KOIIOJIOCHBIE CBETOQUILT-
psl. Ilo Hamedt npock6e B okTsabpe 2016 1. HA 3TOM
teneckone O.B.BO34KOBa mosydymiaa y3KOIOJIOCHBIE
n306paxkeHus Bcert ramaktTukn NGC 6946 B nUHUAX
MOHMU3UPOBAHHOM ceprl [SII] u B simnun H, Beige-
JIEHHBIE U3 HUX HEOOJBIIHUE 0OJACTH, COJEPKAIINE
KOMILJIEKC XO/I2K4, NPUBEAEHBI B CUJILHO YBEJIUUYEH-
HOM BHUJI€ HA pUC.8 (CIE€BA U B LIEHTPE), 4 CIIPABA 1O-
K434H CaM KOMIUIEKC, BBIPE3AHHBIA M3 M300paxe-
HUs, IIOJIYYEHHOI'O C IOMOIIBIO 8-METPOBOIO PpaH-
KO-KaHaJCcKoro reineckona Gemini North. (OrTor te-
JIECKOII, HApALy CO MHOI'MMH JPYI'MMHU, CTOUT HA
Bepmune Mayna-Kea na I'aBaiicKux 0-BaX, JIy4IIEro
ACTPONYyHKTAa Mupa.) Kapruna cuHero usera moiy-
yeHa B iMHUM SII, a B pO30BBIA MBI OKPACUIN U300~
paxenue B TMHUU H,. OTMETUM, YTO KA4YECTBO M30-
Opa’ke€HUH NIPEBOCXOJHOC.

Ha 3TOM pUCYHKE MOXHO 3aMETUTb, UTO CHUHEE
U3006PAKEHUE, B OTIUYUE OT PO30OBOTO, UMEET PE3-
KHMIT 3aIaHBIN KPa#, MONOKEHUE KOTOPOTO OIU3KO
K BUJJUMOMY Ha KAPTHUHKE, ITOJYYEHHON HA TEJIECKO-
e Gemini North. Haue roBops, OTHOIEHNUE UHTECH-
cusHocrer auHuit SII m H, Ha 3amagHO¥ IpaHule
KOMIIJIEKCA IBHO IIOBBIMICHHOE, YTO CBUAETEIbCTBYET
O BKJIIOYEHUHU YJAPHOT'O BO30YXK/JEHNUA d9MUCCUOHHBIX
nuHUN. TIpeACTaBAAETCA, YTO ITOT PE3YABTAT (BOOO-
IIE-TO 3TO IMOKA €I€ HE PEZYILTAT, 4 BIIEYATIEHHUE...)
MOJTBEPKIAAET TUIOTE3Y O (POPMUPOBAHUU 3ATA]-
HOU TI'paHUIBl KOMIIEKCA XOJKAa B PE3YILTATE €TI0
MPOXOXACHUS Yepe3 Ta30Byio KopoHy NGC 6946.
KoMmnekc gBuKeTcs (U BEPOSATHO, C BBICOKOH CKOPO-
CTBIO) CKBO3b HEE K 34IIaJy — U JJABJI€HHE HaOEeramo-
IIEr0 H4 HEro I'a3a KOPOHBI (MU TOJCTOI'O JHUCKA)
NGC 6946 co3paer pe3Kyio U NPABUIBHYIO AYrO06-
pasuyio GopMy 3aMaJHOIO Kpasg KOMIUIEKCA XOJKA.
Ecnu 3TOT BTOPKEHET] ObLI 6OTAT Ia30M, Ha €T0 JIO-
GOBOU CTOPOHE B PE3YIBTATE CTOJKHOBEHUSA C I'A30M
TIAKTUKUA MOTJIA C(OPOPMUPOBLIBATLCA 3BE3/BL. TaKas
MOP()ONOTUA HU3BECTHA Y PAAA TAIAKTHUK, JBUIAIO-
MUXCA CKBO3b JOCTATOYHO IJIOTHBIN I'd3.

HexoTopble 0CO6EHHOCTH MAIHUTHOTO TIOJIA B I'd-
naktTuke NGC 6946, HaBEPHO, MOXHO OGBACHUTH
IIPOJIETOM KAaPJIUKOBOI I'AJITAKTUKU CKBO3b €€ I'd30BOE
rajio, Mo/l HeEOGONBIIUM YIJIOM K €€ IIIOCKOCTH. 3aMe-
THUM B CBA3U C 9TUM, YTO yXKe JaBHO P.bek namesn, 4ro
MOJIYyTONIMHA UOHU3UPOBAHHOIO T'd30BOTO JUCKA
B ramakTuke NGC 6946 BechbmMa BETHUKA — OHA GIM3KA
K 1 knk [11]. 1 kpome TOro, OH NPUIIEI K BEIBOJY, UTO
BEKTOPbl MAI'HUTHOI'O IIOJIA B IOI'0O-3AIIdJHOM KBaJj-
paute NGC 6946 (rjie ¥ pacIoiOKEeH 3TOT KOM-
IIJIEKC) OPUEHTUPOBAHBI NEPIEHAUKYIAPHO €€ MIOC-
KOCTH. MOXET JIn 3TO O6CTOATENBLCTBO OBITh KAK-TO
CBA3AHO C HAJMYUEM B JAHHOM KBAJPAHTE HEOObIY-
HOTO 3BE3JHOTO KoMmIulekca? Eije pas cKaxkem, 4To
ramakTuka NGC 6946 BecbMa 60TaTa HHTCPCCHCHUIIN-
MU OO'BEKTAMU — U BCE HOBBIE 3araJOYHBIE CTPYKTY-
PBI IPOJOIIKAIOT OOHAPYKUBATHCA.

KpacHbIf 3n1Mnc U ceTKa TEMHbIX NUHUIA

Tpu rojga Hazax B U30JUPOBAHHOM CEBEPHOM CIIU-
pasbHOM pykaBe NGC 6946 Mbl 3aMETHIN HA OTIUY-
HOM H300pa’KEHUHU, MOJYYEHHOM Ha 8-METPOBOM
ANOHCKOM Teneckomne Subaru (Mayna-Kea, BbicoTa
OKOJIO 4 KM), ADKUI KPACHBIA 3JUTUIIC — 4 34TEM 006-
HAPYXWIM €0 U HA U300PAKECHUHU, ITIOJTYIYCHHOM HA
4-meTpoBoM pediekrope HanuoHanbHON 06CepBa-
ropuu Kurr-ITuk (CHIA, ApusoHa), cM. puc.1 u puc.9.
CTpaHHBIN OOBEKT — OH HECKOJBKO IOXOXK Ha OC-
TATOK CBEPXHOBOM, HO €r0 pa3Mepnl HA MOPAJLOK (1)
6O0JIbIIE, YEM YV CAMBIX OOJBIIUX B 3TONH T'AJIAKTUKE
(1 B Jpyrux) MoJOOHBIX OCTATKOB. I HUKTO paHbIIE
He ob6paman Ha Hero BHUMaHug! OH 3aMETEH, Of-
HAKO, KAK MATHBIIIKO HA MHOTUX U300PAKEHUAX, pe-
TUCTPUPOBABIIMX SMUCCUOHHBIE OOBEKTHI, XOTA Pa3-
pemenue HAa HUX OBUIO MaloBaToO. LIBET 3smmIiCa,
OYEBU/IHO, ONPEAENIETCA U3NIydeHUEM B JTUHUU H,.
Bospmiast €ro ocb UMEET MIMHY OK0JO 300 mIK, cam
3JUIMIIC CONIPOBOXKAACTCA NMAPAIIETLHON €My KOPOT-
KO JIYI'OI1, 4 HECKOJIBKO €II[€ MEHBIIUX OOPBIBKOB JIE-
JKAT TYT K€, U JOBOJBHO APKOE 3BE3JO0OpPA3HOE
CKOIUIEHUE HAXOJUTCA BHYTPU 3JJUIMIICA HA CEBEPO-
BOCTOKE (puc.9).

CrnexkTpanbHble JaHHbIE, TOJNydeHHbIe A.B.Mouce-
€BBIM C JJIMHHOM IMEIbI0 Ha 6-METPOBOM TEJIECKOIIE
CAO PAH ocenpio 2015 1., TaKKe roBOPAT IPOTUB
BO3MOXHOCTU NIPOUCXOXAeHUA KpacHOro ajummIica
B PE3YJbTATE BCIBIIKU CBEPXHOBOM. OTHONIEHHE
WHTEHCUBHOCTU JUHUNA H, u [SII] B HEM OKa3aJ0Ch
[IOYTH HOPMAJIBHBIM, YEI'O HE HAOIIONAETCS B CIIEKT-
pax OCTATKOB CBEPXHOBHIX [12]. XapaKTEepUCTUKHU
JIMHUI B crieKTpe KpacHOro 3/UIuIca COOTBETCTBYIOT
(pOTOMOHMU3AUY TA32, CBA3AHHOI C MOJIOJBIMU I'OPs-
YUMHU 3BE3/JAMH, BKJIAJ] OT YJAPHON HOHU3ALUH 3J€Ch
HEBEJIUK. [unoresa, oobsicHAOm A KpacHBIIN 3/IHIIC
KAaK I'a30BbII Iy3bIPb, CO3LAHHBIN KOJICKTUBHBIM U3-

Puc.9. KpacHbiit annunc. Jetans usobpaxenus NGC 6946, no-
JIy4eHHoro Ha 8-meTpoBoM pednekTope Subaru Ha MayHa-Kea.
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Puc.10. CeTKn y3KUX TEMHbIX IMHUIA, OTXOAALMX K Or0-BOCTOKY
(HaneBo BHM3) OT YEPHOrO NATHA, BHYTPU KOTOPOTrO Haxo[uTCsA
KpacHblil ToueuHblt 06bekT. [letans nzobpaxenus NGC 6946,
nosy4yeHHoro Ha Teneckone Subaru.

Jy4EHUEM MACCUBHBIX 3BE3/] B CEBEPHOM YACTH CKOTI-
JIEHUS, HE BSDKETCSI HU C €0 OTPOMHBIMU Pa3MEPAMHU,
HHU C 3KCIEHTPUYHBIM TTOJTOKEHHUEM ITOT'O CKOILIE-
HUS BHYTPU JIATICA.

U HaKOHEII, O MOCIETHEM U3 CTPAHHBIX OOBEKTOB,
UCCIENOBAHHBIX UIN 3aMedeHHBIX HAaMU B NGC 6946.
DTO CTpPAHHAS CETKA MEPECEKAIOMMUXCSH Y3KUX TEM-
HBIX JIMHUH, KOTOPAsd HAXOQUTCS TOYHO K CEBEPY OT

Jinuteparypa

KoMIlIeKca Xo/ka U K ory or KpacHoro asmiumnca
(puc.10). Ha ee 3anapgnou (npaeoti) rpaHuLie nome-
MAETCA YEPHOE MATHO, BHYTPU KOTOPOI'O MOXKHO yC-
MOTPETD 3BE3/J000PA3HBIN KPACHBIN OOBEKT; OT TO-
IO NATHA HA IOTO-BOCTOK OTXOAUT TEMHAsA JIMHUA,
ONEPEHHAS C 0O0EUX CTOPOH 6OJEEC KOPOTKUMHU U Y3-
KMMU, 4 HA IOT€ U HA CEBEPE OT HEE HAXOAATCA JIPY-
rue — TEMHBIE, PETYISIPHO PACIONOKEHHbBIE YEPTOU-
ku. Kak O6bACHUTD 3Ty KOH(UIYPALUIO — HEMOHAT-
HO.. HUKTO ele He 3aMeval €€, U IOKA y HaC HET HU-
KaKUX JAHHBIX 00 3THUX KPAaiHE CTPAHHBIX CTPYKTY-
pax, KpoMe N300paKEHUA, TOTYIEHHOTI'O HA TENIECKO-
ne Subaru. HECKOJIBKO HACTOPAXXKUBAET TO OOCTOS-
TEJIbCTBO, UYTO HA N300PAKEHUAX, 3aPETUCTPUPOBAH-
HBIX Ha JIPYTUX TEJIECKONAX, CTOJb YETKUE MHOTIO-
YUCJIEHHBIE JTUHUU HE BUJHBl — 3aMETHBI JUIIb Ca-
MBIE MMUPOKHUE M3 HUX. CKOPEE BCETO, 3TO CBA3AHO
KdK C IIPEBOCXOJHBIM KAYECTBOM H300pAKEHUN HA
Ha Mayna-Kea, Tak ¥ ¢ OTJIMYHBIM KAYE€CTBOM OIITUKHU
TEJIECKOTIA.

3aMeuy B 3aKITIOUEHHE, UYTO YCTAHOBKA O-METPO-
Boro BTA (xoropeiil B TeueHue 20 JIET OCTABAICA
KPYINHENIIUM B MUPE IO JUAMETPY 3€PKANA, A HBIHE
npuMepHo Ha 30-M MECTE€) HaJ CHLIPBIM YIIEIBEM
Bonpmoro 3eneHuyka 6b1a TAXKEI0M OMUOKOU. DP-
(PEKTUBHOCTD 3TOI'O TEJECKONA OKA3aJaCh Obl CylIe-
CTBEHHO BBIIIE, 6y/Ib OH IOCTPOEH, CKAXKEM, OJIU3
ConHe4HO! cTaHUUU I[IyIKOBCKOU OOGCEPBATOPUU
(rme u crout upiHe KI'O TAMII) — K rory ot Kucio-
BOJICKA — 4 TAKOM BapuaHT ob6cyxaancsal. Tak wiu
HHA4e, OYAIEM HAEATLCA, YTO — C IIOMOIILIO U 3apy-
OGEKHBIX 1 OTEUECTBEHHBIX JAHHBIX — 3aT'd/IKU IaIaK-
Tk NGC 6949 6ynyT pasrajaHol.m
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boAbuiaa Hayka acmpoHoMUuS

A 1. 9epuun, J1.H.bepauukos, A.C.Pacropryesn

00Kmopa PUUKO-MAMEMAMULECKUX HAYK

Tocyoapcmeennuviil acmponomuveckuil uncmumym umenu I1.KIImeprnbepea (TAHII)
Mockoeckoz2o zocyoapcmeenino2o ynueepcumema umenu M.BJlomonocosa

CTPOHOMMA CTald NPEBPAIATHCA, HA IIOJIBEKA

nosanee GpU3uKH, B bonpmyio Hayky, B KOTOpO

MHOTOYMCAEHHBIE KOJJIEKTUBBI PabOTAIOT HA
TUI'AaHTCKUX YCTAHOBKAX», — C 3TUMU Ca0BaMu IOpus
Huxonaesnua Edppemosa us ero kuuru «B riy6n Bee-
JIEHHOW>, BBIZICPXKABIICH YK€ IATh U3JAHUI (IIOCIE]-
Hee — B 2009 1), BEPOATHO, COITTACHBI BCE. XOTENOCh
OBl BCE K€ JOOABUTD, YTO BETUYNE HAYKU U3MEPAETCA
HE TOJIBKO YUCJIEHHOCTBIO KOJUIEKTUBOB U pa3Mepa-
MU HUCHOJb3YEMBIX MHCTPYMEHTOB; OObMIAA ACTPO-
HOMHA — 3TO Ipexzae Bcero bosbmme ACTPOHOMBIL.
Bocnonb30BaBIIUCH I0OUIEHHBIM TOBOJOM (80-1€TH-
em IO.H.), MBI pacCKaxkeM 3/1eCh, KAK JJAJIEKO HE Ca-
MBII KPYIHBIH TENECKOT MOCKOBCKOI 06CEPBATOPUNU
Ha BOpOOGBEBBIX TOPAX OKA3AJICA MEPBBIM B COPEBHO-
BAHUM C KPYIHENIIUM B MUPE TEJECKONOM Ha Toiy-
6unoii rope B Kanudpopnuu. ¥ He TOJBKO 06 3TOM...

Kak 6bina OTKpPbITa NepeMeHHOCTb KBa3apoB

KBazapbl nNpuHAJIEKAT K Pa3psAjy CAMBIX MOLIHBIX
n3JIydaTesed 3Hepruu Bo BceneHHOMN. TUIHMYHBIN
KBa3ap CBETUT, KAK COTHS TAJAKTUK, TOJAOOHBIX Ha-
memy Miegnomy IlyTu ¢ €ro COTHAMM MUJUIMAPAOB
3Be3/. Ho Ha CHUMKaxX He6GA KBA3APHI BBIIVIAAAT BCETO
MAIb CTa0€HbKUMHU 3BE3LOUYKAMU. X HMCTUHHYIO
MPUPOAY PACTO3HAN B Havase 1963 r. ro/utaHaCKUN
acrponoM Mapren IMmuar, paborasmuii Toraa B Ka-
audopHuu. OH CMENIO OTOXACCTBU JIUHUU B CIIEKT-
pax KBA34pOB C M3JIyYCHUEM BOJOPOJA, MPEAIOINO-
JKUB, UTO 3TO OOBIYHBIC JUHUU OAIbMEPOBCKOU Ce-
pum, HO ¢ GONBIIUM KPACHBIM cMemenueM. [locnen-
HEE O3HAYAET, YTO OO'BEKTHI HAXOAATCA OYEHD JATEKO
OT HAC — OTYEr0 M BHINJIAZAT TdK CKpoMHO. B TAWUIII
006 OTKPBITUM KBA3aPOB y3HAIHU OT Mocuga Camyuso-
Buuad [IKIOBCKOTO, TOT MOJy4YMI npenpuT IMugra
u cpasy ke npegnoxun 0puio Hukonaesuuy Edpe-
MOBY U Anekcangpy Cepreesuuy lllaposy, crienuanu-
CTaM IIO IEPEMEHHBIM 3BE€3/1aM, IIPOBEPUTH KBA3APbl
H4 IIEPEMEHHOCTD: CBETAT JIM OHU BCETAd OJMHAKOBO
HJIM UX K€ UX OJIECK MEHAETCA CO BpeMeHeM? boraras
KOJUIEKIIU CHUMKOB 3BE3[JHOIO HEOGA, KOTOPOM pac-

© Yepuun A.Jl,, Bepauukos JI.H., Pactopryes A.C., 2017

nonaraer 'AWII, no3Bosna 6BICTPO HANUTU OTBET HA
31oT Bompoc. I0.H. n A.C. cronkuynucs y mkada §o-
TOTEKH, B KOTOPOM XPAHUJIUCH INIACTUHKU TOM 00J1a-
€T HEeOA, I'7I€ HAXOAUTCS OJJUH U3 CAMBIX SIPKUX KBa-
32poB, 00beKT 3C 273.

Bcero Hamnaoch 44 naacTUHKU, CHATBHIE ¢ 1896 10
1960 1., u IO.H., cies1aB HECKOIbKO OLCHOK Ha I3,
TYT K€ YBEPEHHO 3aMETUJ, YTO OOBEKT MEHAET CBOU
61eck. He OrpaHu4YnBIINCH IVIA30MEPHBIMU OIICHKA-
my, IO.H. u A.C. aKkKypaTHO U3Mepuan 6JECK KBa3apa
C TIOMOIIBIO UPHUC-(POTOMETPA HA BCEX IUIACTUHKAX
1 YCTAHOBUJIH, YTO OH JEHCTBUTEIBHO MEHAETCSA OT
12.0 no 12.7 3B€3QHON BENWUYUHBI, IPUYEM HHOI/A
JIOBOJIBHO OBICTPO: KOJEeOAHUS OJIECKA AMIIUTYLOMN
0.2-0.3 3BE3AHON BEIUYUHBI IPOUCXOJJUIN BCETO 34
HECKOJBKO aHEeM. O6 atom orkpeitun I0.H. n A.C. co-
obuuau B ToM ke 1963 r. B IBVS (International
Bulletin on Variable Stars. Ne23. C.1).

Camo no cebe 0OHAPYKEHUE NMEPEMEHHOCTU Pa-
HEE HEU3BECTHOTI'O OOBEKTA, /1A €IIEC U TAKOTO YIUBU-
TEJIBHOI'O, — COOBITUE B aCTpOHOMUU. HO B JaHHOM
clydyae 3TO ObUIO OCOOEHHO HHTEPECHO. [eicTBU-
TEJIbHO, IEPEMEHHOCTD HA IIKaJI€ B HECKOJIBKO JAHEH
O3HAY4€ET, YTO PA3MEP H3JIydalomeil 061aCcTU KBA3a-
pa 3C 273 o4eHb MaJ1, HE OOJIbIIIE HECKOJIBKUX CBETO-
BBIX IHEN. O6 3TOM NEPBLIM CKa3a1 PENINKC ATEKCAH-
nposuy lunun Ha cemunape B AU, Ha KOTOpOM
I0.H. u A.C. ciesnanu CBO¥ MMOHEPHBIN JOKIA 06 OT-
KPBITUHU IEPEMEHHOCTH KBa3apoOB. HECKOIBKO CBETO-
BBIX JIHEN — 3TO MeHblie guamerpa COJHEYHOU CUC-
TeMBL. I U3 06/1aCTH TAKOTO Pa3Mepa UCXOJUT MOTY-
YU IOTOK 3HEPIUU, CPABHUMBII 10 MOIIHOCTH C U3-
JIY4EHUEM JIECATKOB TPUIIUOHOB COHITL!

Wkana pacctoaHuin Bo BceneHHoi

Hsmepenne paccToaHum 3a npepenamu COMHEYHOU
CUCTEMBI BCETJJA COCTABJANO (A U CENYAC COCTABIIA-
€T) TPYAHENIIYIO 3244y B aCTpOHOMUMU. [l1a npume-
pa HAIOMHUM, YTO 3HAMEHUTBHIN KOCMOIOT JKOpx
JlemerTp, 4 324 HUM M HE MCHEE U3BECTHBIN ACTPOHOM
OnBuH Xa66, OoTKphiBIIKE B 1927-1929 rT. 3aKOH
pazberanus raJakTUK, U3PAJHO OMHUOINUCH B ONIPEJiE-
JIECHUU PACCTOSIHUU JIO TAJIAKTUK, 3AaHU3UB 3TU paC-
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CTOSIHUS IIOYTH H4 IOPSAOK BEIUYUHBL X OomuoOKy
ACTPOHOMBI MCIIPABJSAIN MOTOM IMIAr 3a IIAaroM TPpHU
pgecarka jger. C koHua 50-X rojjoB MWKaaa pacCTOAHUN
MIOJIYYMJIA HAKOHEL] HAJI€KHBIE OCHOBAHUSA, OHA CTad
ONUPATHCS HA OJIMH UX THUIIOB NYJIbCUPYIOMUX IEPE-
MEHHBIX 3B€3]] — Kjlaccuueckue nedenbl, U 3/1eCh
BA’KHYIO POJIb ChII'PAIN LePEUbl, HANJCHHBIE B paC-
CEeSIHHBIX 3BE3/IHBIX CKOIICHUSX.

Ledenasl — 3TO 3BE3/bl, MEHAIOIUE CBOM OIECK
[IOYTH CTPOr'O MEPUOJUYECKHU. YK€ JaBHO, HoJiee
100 ner Ha3aJ, y HUX ObUIA OTKPBITA 3aBUCUMOCTD
MEX/y IEPUOJOM U CBETUMOCTBIO: 4eM OOJIbIIE I1€-
puoJ IyJabCalUil, T€EM OOJbIIE CBETUMOCTb (MOII-
HOCTDb u3nydenus). Ilepuosa nzmenenus 6iecka 1e-
(peunsp JOBOJIBHO JIETKO ONpPEAEIAETCSA U3 HabIIo e
HUU; BBIYUCAUB IO 3aBUCUMOCTU IEPUOJ—CBETHU-
MOCTb A06COIOTHYIO 3BE3/JHYIO BEIUYUHY (T.€. 3BE3/[-
HYIO BEJIMUMHY, KOTOPYIO 3B€3/1a UMeJia Obl, €Ciu Obl
OH4 HAXOAWJIACh HA paccrofgHuu 10 mK OT HAC)
U CPaBHUB €€ C BUJUMOM 3BE3JHON BEIUYUHOM,
MOXHO pAaCCUUTATh PaCCTOSAHUE JO HUCTOYHUKA,
YUUTBIBASA, UTO CO3/JaBA€MAs UM OCBEUIEHHOCTDb U3-
MEHAETCS OOPATHO HPONOPLUOHATBHO KBAJPATY
paccrosnus. Tak nedeujgbl OKa3aauchb B POJIHU OC-
HOBHBIX «MasIKOB» BCeleHHO.

YTOOBI PEATBHO BOCIONB30BATHCI UMHU /IS OTIpE-
JI€JIEHUS PACCTOAHUHY /IO AANEKUX TAJTAKTUK, HEO6XO-
JUMO 3HATb CBETUMOCTDb (WJIM PACCTOAHUE) XOTS OB
ojHo¥ nedeunapl. Torjga MOKHO OTKATUOPOBATH 3ABU-
CUMOCTD IIEPUOJ—CBETUMOCTD, WIH, KAK TOBOPAT 4C-
TPOHOMBI, HAUTHU JIJI1 HEC HYJIb-IIYHKT, T.€. TOUKY OT-
CYETA MIKAJIBI CBETUMOCTEH. Takas BO3MOXKHOCTD IO-
ABWIACH B KOHLE 1950-X rofos, KOrga Cpeju 3BE3[
HEKOTOPHIX PACCEAHHBIX CKOIJICHUH [ANaKTUKU Obl-
11 OO6HAPYKEHBI Ledenpl. PAaCCTOAHUA 10 CKOILIE-
HUH ONPENEAIOT JOBOJABHO TOYHO IIyTEM CPABHEHUS
CBETUMOCTU U BUJUMOTO 6J€CKa 3BE3]l TJIABHOM IO-
CIE0OBATEIBHOCTU HA JAMArpaMMmax leprmnpyHra—
Paccena. Ecnu nnedensibl BXOJAAT B COCTAB CKOIUIEHUS,
pPaCCTOSIHUE IO HUX PABHO — C XOPOIIEH TOYHOC-
ThIO — PACCTOSIHUIO /10 CKOILIEHUS. [Ipu 3TOM OyYe-
BUJIHO: U€M OOJIbIIE U3BECTHO 1e(En]] B CKOIIEHUAX,
TEM TOYHEE MOKET OBbITh KAJIMOPOBKA 3aBUCUMOCTH
IepuoJ—CBETUMOCTD Leden. B konne 1950-x ro-
JIOB ACTPOHOMBI PAaCHOJIATANIN BCETO MATHIO TAKUMU
3B€3/1aMH, TaK YTO OHU OBUIM TOTJ4d HAa BEC 300TA.
B 1963-1965 rr. 10.H. u ero komnern u3 TAUI B pe-
3YJABTATE KPONOTIUBONU paboThl OOHAPYKWUIU IATH
HOBBIX Liedeun] Ha nepudepun CKOIUIEHUN, TEM Ca-
MBIM YZIBOUB YHCJIO 3BE3/l, IPUTO/IHBIX JIJISI KATUOPOB-
KM 3aBUCUMOCTH IEPUOJ—CBETUMOCTb.

Ha npOoTSKEHUU MOCNEJHUX ACCATUICTUN HYJIb-
MYHKT HMIKAJIbl PACCTOSIHUN 1een]] HOCTOSIHHO YyTOY-
HSJICS, U 3Ta paboTa NPOJIOJIKACTCS IO CUX IIOP YCHU-
JIUSIMA MHOTUX 4CTPOHOMOB PAa3HBIX CTP4H; Cpeau
HUX — YYEHUKU U Kojuleru npodeccopa Eppemosa,
HBIHE JOKTOpa HayK Jleonua Hukomnaesuy bepJHUKOB
(pexop/icMEH TO 4uCiay (POTOMETPUYECKU HCCIENO-
BAHHBIX UM nedeny), Anexcer Cepreesud Pactopry-
eB, Anspeit Kapinosuu Jam6uc. HacKOJIBKO Cl10XHA

3Ta paboTa, MOXKHO CYJUTDH ITO TOMY (PAKTY, 4TO OMUOL-
Ky U3BMEPEHUS PACCTOSHUN HE YAAETCS CLEIATh MEHb-
me 8—10%. A Benb 110 nepensiaM NPOU3BOAUTCSA KAIU-
6pOBKa U APYIUX CIIOCOOOB U3MEPEHUS BHETANAKTHU-
YECKUX paccTOAHUI. Cpeiu HUX 0CO60€E MECTO 3aHU-
MA4€ET METOJ, UCIOJIb3YIOMUI CBEPXHOBBIE 3BE3/Ibl TH-
na Ia (Taxk Ha3bIBAEMBIE TEPMOALEPHDBIE CBEPXHOBLIE)
B Ka4ECTBE «CTAHAAPTHBIX CBEUCi», T.€. OO'BEKTOB
C H3BECTHOM CBETUMOCTBIO. DTOT METOJ| B 4YUCJIE
OYEHb HEMHOTHUX JIPYTUX AEHCTBYET HA CAMBIX OOJIb-
MIUX PACCTOSIHUAX, CPABHUMBIX C PAJJUYCOM BUAUMOI
Bcenennon. Xouercs OTMETUTH, YTO UMEHHO IO Ha-
OJIIOICHUAM TEPMOSEPHBIX CBEPXHOBLIX 18 sieT Ha-
327 OBLIO OTKPBITO YCKOPEHHOE pacmupeHue Bce-
JIEHHOHN U KOCMUYECKAs «T€EMHAsl IHEPTUsA», PU3UYEC-
Kas IPUPOAA KOTOPOI JJO CUX ITOP OCTAETCH IMOTHEN-
1€t 3araJikou A pyHIAMEHTAIbHOU (PU3UKU.

Onepeannu AnnaHa CaHamnAaXKa

Ha JlenuHCKuX ropax Ha reppuropuu AU 60 et
Ha3aJ ObUI yCTAHOBIEH ACTPOHOMUYECKUI 3€PKAJIb-
HBIY Teneckon (A3T-2) ¢ pmameTpom 3epkana 70 ¢,
KPYINHENIIUN MHCTPYMEHT MOCKOBCKOU 06cep-
BATOPUHU, HA KOTOPOM B TEUECHUE MHOTIUX JIET BE-
JIUCb AKTHUBHBIC HAOJIIOACHUSA IIEPEMEHHBIX 3BE3[
U 3BE3JHBIX CKOIUIEHUU. DTOT TEIECKOII — COCTAB-
Has 44CTb HAYYHOTO OOOPYAOBAHUA /I MOCTPOEH-
HOTO B 1949-1953 rr. ruranTckoro 3ganusg MIY Ha
JIeHnHCKUX ropax. B re BpemeHa 1eBu3oM 6b110: «Ha-
MY YYEHBIC JO/DKHBI UMETh CAMBIE JYYIIHE IPUOOPHI».
M ne Tonbko npubopst! ITo 3amedanuio Edpemosa,
TOrga npodeccopa Cralu IO0Jydarb, KaK I'€HEPAJID,
HBIHE XK€ OHU IOJAY4YalOT BABOE MEHbIIE, YeM JICUTE-
HAaHTHL A eme AnpOepT DUHIITENH B CBOE BPEMS CKa-
31, YTO «MHTEJUIEKTYAJIbHBIE OPYAUsA, 6€3 KOTOPBIX
6bUI0 6Bl HEBO3MOKHO PA3BUTHE COBPEMEHHOM TEX-
HUKH, IPUILIA B OCHOBHOM OT HAOJIO/ICHUI 3BE3]]>.
Ha A3T-2, atom Teneckore-Tpyasre, B 1963-1965 rr.
[Tasen Hukonaesuu Xosnonos, 10.H. u psajg ux KoJier
n3 AN nposenu TOHKUE POTOMETPUUECKUE UCCIIE-
JOBAHUA Liedens, OnepeanuB HA HECKOJIbKO JIET aMe-
PUKAHCKUX KOJIJIET, pA0OTABIINX B TOM € HAIIPABJIE-
HUU HA KPYIHEHUIIEM B Ty IIOPY B MUPE 5-METPOBOM
Teneckone-peguekrope ITaroMapckou o6cepBaTo-
pumn Ha Tony6unoit rope (CHIA). IIpeameToM usyde-
HUS IPEX/IE BCETO ObUIM 11e(PEUbl B PACCESHHBIX 3BE-
3IHBIX CKomneHusax. OaHa n3 Hux — CE Kaccuoneun
(CE Cas) B YHUKAJIBHOM IO OOTaTCTBY Ledenpamu
paccesnHoM 3Be3gHOM cKomieHuu NGC 7790 (ux
B HEM HANJEHO Tpu!) — NAaBHO YK€ IIPUBJICKAJIA BHU-
MdaHHE ACTPOHOMOB. CTpAHHBIE <«IIOJYyIIEPUOANYE-
CKHe» KoJIe6aHHU OJieCKa 3TOM 3BE3/IbI JJOJATHUE TOJbI
HE NOAJABANIUCH PACHIU(POBKE, MOKA COTPYLHUIA
T'ANII lenpuerTa AnexkceeBHa CTApUKOBA HE OOHAPY-
JKMJIA, 94TO 3TO HE OAUHOYHASA 3B€3/4, 4 ABOUHAM, KaX-
JIbIF M3 KOMIIOHEHTOB KOTOPOM OKa3acs 1edeuion.
Paccrognue Mexgy KOMIIOHEHTAMU HEBEIUKO — BCE-
ro 2.3”, Mo3TOMy HU3MEPUTb IO OT/IEIbHOCTU OJIECK
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KOKJOTO KOMIIOHEHT4 JOJTO HE yAaBaJlOCh, HO
B 1965 . k 3101 3a7aue ob6parunuch [LH. u YO.H. [Ins
ee pemenus I1.H. UCIIOAB30BaT CHEHUATbHBIN HA60p
auadparM, samumaiomux Gokyc reaeckona A3T-2 ot
32CBETKH MOCKOBCKMM HEOOM. BCero ypanoch momy-
9uTh 65 HOTOIUIACTHHOK, HA KOTOPHIX KOMIOHCHTEI
CE Cas 6plid XOpOWO pa3/ieieHbl U IIOTOMY CTalIu
NPUTOJHBIMU I (DOTOMETPUYECKOTO aHanu3a. Of-
H4KO B IpejesiaX MOJA 3PEHUs TEJNEeCKONa HE Ha-
IIJIOCh MOCTOSHHOTO HCTOYHMKA, CPABHUMOTO IO
61ecky u 1Bery ¢ komnonentamu CE Cas, KOTOpBII
MOT OBl CHYAKUTb (POTOMETPUYECKUM CTAHLAPTOM.
A 6€3 CTpOrofl «IIpuUBA3KU» K CTAHAAPTY (oTorpacdu-
yeckas poromerpus CE Cas 6b11a 661 HETOYHOM.

Toraa FO.H. npeioXuI UCIOAB30BATh B KAUECTBE
«pOTOMETPUYECKOIO CTAHLAPTA> (BOIPEKU CYLIECT-
BYIOIIUM METOJUKAM W, HABEPHOE, BIIEPBBIE B ACTPO-
HOMMUYECKOH NpPAKTUKE!) JPYIyIO IIEPEMEHHYIO 3BE3-
ny — CF Kaccuonewn, eme ogHy nedeuy, 4ieHa Toro
JK€ CaMOTO CKoIuleHUus. CTporas mOBTOPSAEMOCTDb U3-
MEHEHUN 6yecka neden/; Mo3BONIET — KOHEYHO,
IIPU OCTPOHU HEOOXOJUMOCTU — HUCIOIb30BATh U UX
B KA4ECTBE 3BE3/-CTAHAAPTOB. [ yrounenus gop-
MBIl KpUBOH Onecka u nepuoja CE Cas mpumiock
NPEANPUHATD CIENUAIBHOE UCCAENOBAHUE. DT OCT-
pOyMHas Hjesd U NPEeAPEMUIa yCIeX UCCIeLOBAHU:
yJaJI0Ch MOCTPOUTH Pa3/lebHBIE KPHUBBIE OJI€CKA
KaXJ0r0o u3 aByX KoMnonentos CE Cas. Pe3yinbrars
ObLIH ONYOIUKOBAHEL B 1965 I. B ACTPOHOMUYECKOM
rupkyaspe (T.326. Nel. C.1). Yepes yeTsipe TO1a OHU
GBI MOJATBEPKIAEHBI 3HAMEHUTBIMUA ACTPOHOMAMU
Annanom Canjgumpxem u IycraBom TamMMaHOM, IOMY-
YUBIIMMU JIJISL TOM JKe IeJn 56 IVIACTHHOK Ha 5-MET-
poBoM peduekrope I[TaroMapcKkou 06CEPBATOPUMN.
He6onpmue pacxox/jeHUs ObIIA 3aMEUYEHBl TOJBKO
63U (Pa3 MAKCUMAIBHOTO Oj1ecKa nedens. AMepu-
KaHCKHE KOJUIETH OTMETHIIN, MEX/Y IIPOYUM, YTO UC-
NBITBIBAIM T€ K€ TPYJHOCTHU C KATUOPOBKON POTO-
METPUYECKUX JAHHBIX, 4TO U ACTpOHOMBI TAWIIIL

IO.H. Bciomunaert: «I1o BRIXO/Y B CBET BCEX IATH
TOMOB U3BECTHOH HEKOI/Ida MOHOT'PAa(UU O MEPEMEH-
HBIX 3B€3/1aX [re ObLIa BOCIPOHU3BEAEHA U paboTa
o CE Kaccuoneu] B.B.Kykapkun npumen K Ham
¢ II.LH.X0I0mOBBIM ITOCOBETOBATHCA — OH XOTEJI BBI-
JBUHYTD €€ Ha [OCYy/JapCTBEHHYIO IPEMUIO. S ObLI 10-
CTATOYHO IJIyII, YTOOBI €TO OTTOBOPUTD>.

CrapeHue yeenp

«BcakoMy yBaxKaiomeMy ce6s1 €CTECTBOUCIBITATENIO
HAUIEKUT 34 CBOIO YYEHYIO KAPbEPY OTKPBITH B IIPU-
poae mo KpawHEN Mepe OJHY JUHEHUHYIO 3aBUCHU-
MOCTb». MOJIBA NPUIIUCHIBAET 3Ty Makcumy IOpuio
Huxkonaesuuy. XpeCTOMATUIHBIA 00pa3el, — JIEreH-
JTapHBIM Xa66J ¢ €ro 3HAMEHUTHIM JTUHENHBIM 32KO-
HOM «JIy4€Basg CKOPOCTb — PACCTOSIHUE> I Pa3bera-
IOIUXCA TAIAKTUK.

B 1964 r. 10.H. Hamen TUHEHHYO (B ABAXK/IbI JIOTA-
pupmuueckoM macmrabe) CBA3b MEXIY NEPUOAOM

bawHsa 70-caHTumeTpoBoro Teneckona-pecdnekropa A3T-2 Moc-
KOBCKoil obcepBatopuu Ha BopobbeBbix ropax.

[
o7 SOy A T _\-_-\.f’_ﬁ‘-,,e’i’"

06pasel hoTomeTpuyeckux paspesos komnoHeHtos CE Kaccu-
oneu Ha nnactuHkax A3T-2 B pa3HbIX CMeKTpanbHbIX MHTEPBa-
nax. PacctosHue Mmexpy KOMMOHeHTamu cocTaBnsfer 2.37;
B KaccerpeHoBcKkoM okyce A3T-2 OHO 3KBMBaneHTHo 1.3 mm.
BupHo, yto oTBepcTue puacdparmsl npuc-potomerpa (KpacHas
JIMHUA) cOBMpPaET CBET TObKO 0AHOTO KOMMOHEHTa.

IyJbCALUI U BO3pacToM nedens. Cervac, Korja Teo-
pHs 3BE3/JTHOH IBOMIOIUH JOCTATOYHO PA3BUTA U Oe-
CTAIIE COINIACYETCS C HAOMIONCHUAMU 3BE3/1 U 3BE3/I-
HBIX CI(OI'I]ICHI/II7I7 HAJIU4YHE TAKON CBIA3U KAXKETCSI
COBEPIIEHHO OYEBUJHBIM. [I€MCTBUTENBHO, 3IBOJIO-
LIIMOHHBIE TPEKU 3BE3]] CIEKTPAJbHOI'O Kiacca B
(2 UMEHHO OHHU ABJIAIOTCA «IIPAPOJUTENAMU» LEDe-
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3aBucuMMOCTb «nepuof—sBo3pacT» Ana uedeus (Edpemos,
1964-2003). Mo ocv opamHaT — norapudm Bo3pacrta ckonse-
HUit, cofepawux Luedeunasl; no ocu abcymcc — norapudm ne-
puopa (BblpaXeHHOro B cyTkax). Moka3aHbl OTAENbHO AaHHbIE
ans Marennavosa O6naka (a: 1, 2, 3) u ranaktuku M31 (a: 4)
W Haweit Tanaktukn (6: 1, 2), a Takke 0ObEAUHEHHBIN rpa-
tuk (8); 1 — Knactepsl, 2 — accouunauuu; 3 — uedengbl, ne-
puoj KOTOPbIX OLEHEH MO 3aBUCUMOCTU NEPUOL—CBETUMOCTb.

1J]) MEPECEKAIOT MOJOCY HECTAOMJIBHOCTH HA [JUa-
rpamme lepnmnpynra—Paccena Ha pa3HBIX YPOBHAX
CBETUMOCTH: YEM MACCHUBHEE 3BE3/jA-TIPAPOAUTED,
TeM OOJBIIE €€ CBETUMOCTD HA CTAAUU Lie(DEUs U OfI-
HOBPEMEHHO OOJbIIE MEPUOJA MyJAbCalUil. B cBOIO
odepe/b, BpEM JKU3HU 3BE3/ HA [TTABHOU IIOCIE0BA-
TEJIBHOCTHU YMEHBIIAETCSA C POCTOM UX MACCHI, TO3TO-
MY MACCUBHBIE 3BE3/IbI B CPEHEM MOJIOXKE.

Ha nepBoii juarpamme nepuoj—Bo3pacT, IoCTPOo-
enHon IO.H. mO JaHHBIM O BO3PACTaAX PACCEAHHBIX
CKOIIIEHUH, COJIEPKAMUX Iedenpl (a2 BO3PACT CKOII-
JIEHUS MOXKHO OLIEHUTD, HAPUMED, IO LBETY U OIECKY
CAMBIX fAPKHUX 3B€3/l ITIABHOHU ITOCAEJOBATEIbHOCTH),
6b110 BCero 12 nedeun. Ho nosauee, B KoHLe 1970-x
TOJIOB, PE3YJILTAT IMOJHOCTBIO MOATBEPAHUICA, KOTAA
IO.H. UCTOnIb30BAJI YBEPEHHBIC JAHHBIC YKE O 64 11e-
dpengax Mnaeynoro Ilytu, TymaHHOCTH AHApPOME-
Jabl, bonpmoro u Manoro MarenmaHoBeIX OOGIaKOB.
IO.H. nokasan, 4yro 4yeMm OOJble NEePUO]| NyabCAIUI
negenibl, TEM MEHbBIIE €€ BO3PACT. COTNIACHO 3TO 3a-
BUCUMOCTH, BO3PACT BCEX Liedens] 3aKII0UYEH B IIpejie-
nax 30-100 myn ser. Eciim yaecTs, 4TO BO3PACT CAMBIX
CTaPBIX 3BE3/ AUCKA [AIAKTUKYA COCTABIAET IPUMEPHO
10 MApA JE€T, CTAHOBUTCS SICHO, UTO Leeugpl —
OYEHb MOJIO/IBIE ACTPOHOMUYECKUE OOBLEKTHL.

Kak 1 BCAKAA HAJEKHO YCTAHOBJIEHHAA dMIIUPU-
YeCcKas 3aKOHOMEPHOCTD, OTPAXAIONU[ast PEajbHBIC
31KOHOMEPHOCTH U MOJHOCTBIO COOTBETCTBYIONAA
COBPEMEHHON TEOPUHU 3BE3JAHOU 3BONIOLUH, BBIBE-
pennad IO.H. 3aBUCUMOCTDb NEPUOJ—BO3PACT UMEET
CAMOCTOATENBHYIO LEHHOCTb. OHA MO3BONAET Olle-
HHUBATb BO3PACTHl OJUHOYHBIX Leden) U (C IpUBJIe-
YEHHUEM JIAaHHBIX 00 UX NPOCTPAHCTBEHHOM paclpe-
JIEJIEHUN B FAJIaKTUKAX) U3Y4aTbh UCTOPUIO 3BE3006-
paszoBanHus. Hapsaay ¢ pacCEIHHBIMU CKOIUIEHUAMU
nedenupl, TAKUM OOPA30M, OKA3BIBAIOTCA YHHUKAJb-
HBIMU OOBEKTAMH, 3aJA0MUMHU BPEMEHHYIO MIKATY
COOBITUI B TaJIakTUKAX. B wacrHOCTH, IO.H. 06HApY-
JKHUJI, YTO TONEPEK CHUPATbHBIX PYKaBOB IaTaKTUKU
epuobl ePensi CUCTEMATUYECKU MEHAIOTCA. JIpy-
TUMU CJIOBAMH, 3TO O3HAYAET HATUYUE TPAJUEHTA
BO3PACTOB, T.€. CTPATU(MHUKAIUIO 3BE3]] PA3HOTO BO3-
pacra. Ecnin TPAKTOBATH CHUPAJbHBIE PYKABA KaK
BOJIHOBBIE OOPA30BAHUA, HANPABICHUE TPAAUECHTA
BO3pacTOB (OT BHYTPEHHEN KPOMKU PYKaBa K BHEII-
HEl UIM HA060pOT) MOXKET JATh HAM HHOOPMAIIUIO
O PAa3HOCTU CKOPOCTEN BPAMEHUS BCETO CIUPATbHO-
ro y3opa u gucka 'amakruku. Ta KpOMKa CIUPATbHO-
IO pyKaBa, rje nepuojbl nedens 6oabie (a nedeu-
JBl, COOTBETCTBECHHO, MOJIOXKE), «HAOEraeT» Ha Ia3o-
BO-IIBJIEBOM CJIOM, U B PE3YJAbTATE yAapHasd BOJIHA
CTUMVIHPYET MaCCOBOE POXJIEHUE 3BE3J, BKIIOUYAA
MACCHUBHBIE Ie(PeUbl, BOMU3U 3TON KPOMKHU PYKaBa.
OTMETHM, UTO HAIEKHBIE JAHHBIE O I'PASUEHTE BO3-
pPacTOB MCKIIOYUTENBHO BAXKHBI A TEOPUU CIIHU-
PaJbHOM CTPYKTYPBHI, TAE CTABUTCSA BOIPOC O IIOJIO-
JKEHUH 006JIACTH KOPOTAlMU (CHHXPOHHOI'O Bpalie-
HUA AUCKA [ATaKTUKU U CIUPAJIBLHOTO y30pa). [To-Bu-
JUMOMY, 30H4 KOPOTALIUU JOJDKHA PACHIONATraThbC
MEXKAY OOMACTAMH PYKABOB C IPOTHUBOIOTOKHBIM Ha-
NPABIEHUEM I'PASUEHTA BO3PACTOB 3BE3],.

I0.H. ykazsiBaJ, 4TO «1ePEeuibl JAI0T YHUKAIBHYIO
BO3MOXHOCTb YBU/IETh BOOYMIO IBOJIOIIMOHHBIE U3-
MEHEHUS XAPAKTEPUCTHUK 3BE€3/l> U IPOBEPUTH BBIBO-
JIbl TEOPUU 3BE3AHOM 3BOMIOLUN. Peub UAIET 3/1€Ch, KO-
HEYHO, O «<HOPMAJIbHOW> 3BOJIOIUHU 3BE3/bI B PACIBE-
T€ €€ KU3HEHHBIX CUJI; B3PBIBBI CBEPXHOBBIX 3BE3] —
TOXKE PE3YABTAT BOJIOLNH, HO 3TO €€ UTOI' U KOHEI]
JKU3HEHHOTO NyTu. Ilepuos nedenpl MeJUIEHHO Me-
HAETCA, KOIJld €€ 3BOJIOLMOHHBIN TPEK IEPECEKAeT
TaK HA3BIBAEMYIO TOJIOCY HECTAOUIBHOCTH HA JIHa-
rpamme TepnmnpyHra—Paccena, HaCEJIEHHYIO IIpe-
UMYIIECTBEHHO NYJbCUPYIONMMHU 3BE3JAMHU. 3aMeUa-
TEJIBHO, YTO ITOT 3PPEKT yJaeTCs HANPAMYIO OOHA-
PYXUTD IO BHICOKOTOYHBIM U3MEPEHUAM OJIECKA JJAXKE
Ha CPAaBHUTEJILHO KOPOTKOM IO aCTPOHOMHUYECKUM
MEPKAM MPOMEXKYTKE BPEMEHU, 34 JECATUNIETUL. DTO
1 OBLIO CAENAHO BepAHUKOBBIM, KOTOPBIA COOpaJ OT-
POMHBII MACCHUB COOCTBEHHBIX HAOIIOJAEHUI MHOTI'UX
coTeH 1edensi U JOMOJHUT €r0 <«UCTOPUYECKUMU»
KPUBBIMHU OJI€ECKA, IOCTPOCHHLIMM Ha OCHOBE (DOTO-
rpauyeCcKkux HAOGMIOJECHUN Ha ACTPOHOMHUUYECKUX
MHCTPYMEHTAX PA3HBIX CTPaH. BaXHYIO pOJIb B 3TOM
HUCCIEAOBAHUM CBIrpann (GOTOIIACTUHKU [apBapsa-
ckoi obcepparopun CHIA, 6marofaps KOTOPBIM IS

14

ODIPHUPOITA » Ne5 « 2017



UCTOPUA HAYKU. ACTPODPU3UKA

psna nedeus yAaaoch NPOCIEUTh U3MEHECHUS IIEPU-
OZ1OB MYJIbCAIUH HA NPOTSLKEHUU MTOJYTOPA BEKOB!

He uecdenpa, a peHTreHOBCKUI Nporpes

B 1971 r, Ha caMO# 3ap€ PEHTTEHOBCKON aCTPOHO-
MUH, ¢ OOPTA IEPBOI'O CHELUATUZUPOBAHHOIO OPOU-
TAJILHOTO PEHTIEHOBCKOTO anmapara Uhuru (4T0 HA
A3BIKE CYaXUJIM 3HAYUT «CBOOOAA») OB OTKPBIT HBIHE
3HAMEHUTBIA DPEHTIEHOBCKUM MCTOYHMK Her X-1
(B cosBe3auu lepkynec). DTO ObUI PEHTIEHOBCKUI
IyJabCap € NEPUOAOM 1.24 ¢; y Hero umesncs eme u 60-
Jee NpOJOJIKUTENbHBINA nepuos 1.7 cyr. B 1972 1
B 'AUI ucrounux Her X-1 OTOXAECTBUIN C HEIPA-
BWIbHOMN (KAKOBOM OHA CUMTAJIACh) OITUYECKOM IIe-
pemeHHO! 3Be3non HZ Her. CIOBO «OTOXAECTBIIE-
HHME» HE HAJO MOHUMATh OYKBAIBHO — YTO ONTHUYEC-
Kas 3B€3/1d ¥ €CTh PEHTI€HOBCKUM NCTOYHUK. IIIKIOB-
CKUH Cpa3y ckKazax Eppemosy, 4To, pa3 3ra 3BE342
KJIACCU(PULIUPYETCH KAK HENPABUWIbHAA [IEPEMEHHAS,
OH4 HE MOXET ObITb PEHTTEHOBCKUM HCTOUHUKOM,

I0O.H. BcnoMuHaeT: «®TO BeAb OH [HIKIOBCKUI]
“BuHOBAT” B TOM, 4yTOo Hukonait E¢pumosnu Kypou-
KUH, 4 HE {1, OlcHWJI nepeMeHHOoCTh HZ Her Ha Hamux
IJIACTUHKAX. MHE Ka34J10Ch, 4YTO HE CTOUT OL[CHUBATH
6J1€CK 3BE3/Ibl, KOTOPAs HE MOXET OBITb PEHTTEHOB-
ckuM mcToyHukoM. Opnako Kong [Kypoukun] npu-
HEC MHE KPHUBYIO OJ€CKa, KOTOPYIO OH HOCTPOUII
¢ nepnogom Her X-1, cO c10BaMuU — CMOTPUTE, ITO
nedeunna. ITocrpoenue CBOJAHOU KPUBOU C PEHTIE-
HOBCKUM IIEPUOJOM JJOKA3AJIO IPABUIBHOCTh OTOX-
necteiaeHus! Bpoae 65l U BIPAMb XdpaKTEpPHAsA KPU-
Bad Ledennl ¢ 60J€€ KPYTOU BOCXOAAIEN BETBBIO —
HO A Cpa3y cKasan KypodykuHy, 4TO 3TO PEHTITEHOB-
CKUH HAarpeB ONTUYECKOTO KOMIIOHEHTA TOPAYUM
CIYTHUKOM. OH HACTAUBAJI — TUIIMYHAA LePEeUdr.

N3secTHO, uTO HO.H. OoueHpb MI06UT Iedeussl,
3/1€Ch OH KJIACCUK U Kopuden. Ho m060Bb TI060BbIO,
a ucTuHa jopoxe. OH BEPHO yrafal, YTO PEHTIEHOB-
cxkuii uctounuk Her X-1 u HZ Her — He ogHa 3Be3714,
a aBe. OHM COCTABIAIOT TECHYIO JJBOUHYIO 3BE3HYIO
CUCTEMY, OLHUM KOMIIOHEHTOM KOTOPOW CIYXHUT
PEHTIEHOBCKUM IYJIbCAP, 4 APYIUM — ONTHUYECKAS
3Be3fd. OOWUN 1 PEHTICHA U OITUKU IIEPUOJ UC-
TOYHUKA — 3TO OPOUTANBbHBINA IEPUOJ TBONHOH CHU-
creMbl. ONITUYECKAS 3BE3Ad — HE I[e(Pena, MOCKOIb-
Ky €€ MEPUOANYECKA IEPEMEHHOCTb BO3HUKAET U3-
34 TOTO, 4TO O6PAIEHHAA K ITyJIbCAPY CTOPOHA 3BE3-
Jbl HAI'PEBAECTCHA €0 PEHTICHOBCKUM H3JIy4CHUEM
U IIOTOMY CBETUT ApU€, YEM XOJIOAHASA IPOTUBOIIO-
JIOJKHAA CTOPOHA.

A rtorgamnunt crop IOpug Hukonaesuua u Huko-
nast Epumosrua 6p1CTPO pa3pemua AHATOIUN Muxarii-
aoBuY Yepenamyx, 3KCHEPT MO TECHBIM JBOUHBIM
3Be31aM, — B 11063y IO.H. B pesynsrare ropsayux Koj-
JIEKTUBHBIX OOCYX/JEHUIN, B KOTOPBIX Y4aCTBOBAJIU
TaKke Bpigaomuecs reopetuku PA.Cionses u H.M.1Ia-
Kypa, POAUIACH COBMECTHAA paboTa 1972 roga (IBVS.
Ne720. C.1), craBias BCKOPE KIACCUYECKOM.

3Be3gHble KOMNNEKCbI

B pa3nu4yHBIX COUPAJbHBIX TaJaKTHKAX — U OIU3-
KHUX, U BECbMA YJAJEHHBIX — JIAaBHO YK€ OBLIN 3aMe-
YECHBl TMI'AHTCKME 3BE3/HbIC OOJIAK4, BBHICTPAUBAIO-
IIMECs BJOJb CIUPANBHBIX PYKaBOB. X ObLIO IpU-
HATO CUUTATh CIYYAMHBIMU KOHIJIOMEPATAMU 3BE3J,
HUKAK HE CBA3AHHBIX JIPYT C APYI'OM, T.€. Y€EM-TO BPO-
Jle CO3BE3/INI Ha HOYHOM Hebe. [T03TOMY UMU HUKTO
rJ1y60OKO HE UHTEPECOBAJICA A0 CepeJuHbl 1970-X ro-
0B, korza 10.H. 1oka3an, Bonpeku o01uemMy MHEHHIO,
4TO H4 CAMOM JI€JI€ 3BE3/IHbIE O0JAKa — pEaJbHbIE
pu3nUeCcKue CUCTEMBI. B HUX UMEIOTCA U OTAEIbHBIE
3BE3/Ibl, U 3BE3/JHBIC CKOTIJICHUS, U ACCOI[MAIUU, OOb-
€JUHEHHBIE OOIMUM MNPOUCXOXK/JECHUEM U O6IEi
cyap6oit. ITo npemnoxenuio FO.H. 3T CIOXHBIE Ta-
30-3BE3/HBIC CTPYKTYPbl CTAJU TENEPb HA3bIBATH
3BE3HBIMH KOMILIEKCAMH. 3BE3HBIE KOMIIJIEKCHI —
BECbMA PACIHPOCTPAHEHHBIE, MOXHO CK434Tbh, YHU-
BEPCAJbHBIE IO CBOUM HAOJIIOLAEMBIM CBOMUCTBAM
06bexThl BecenenHow. OHU UMEIOTCS B HEMAJIOM YHC-
je 1 B HameM Minednow Ilytu, u B TyMaHHOCTH AHJ-
poMe/ibl, U B OONBIIMHCTBE I'AJAKTUK, 001a4AI0IUX
CIIUPAJIBHBIM Y30POM.

3BE3/JHbIE KOMIUIEKCHl B [aJIAKTUKE ObUIM IIEPBO-
HA4aJIbHO OOHAPYKEHBI IO JAHHLIM O CTOJb JTIOOHU-
MbIX EdpemoBbiM njedeunnax. 3/ech eMy IPUTOJHU-
JIUCD B IIEPBYIO OY€PE]b CBELEHUS O IIPOCTPAHCTBEH-
HOM pacupejenceHuu nedeus. baarogaps 3aBucuMo-
CTU «IIEpUOJ—CBETUMOCTE> [O.H. gocrarouyno yse-
PEHHO OIPEAEAN PACCTOSHUS JO KOMIIJIEKCOB U UX
JEUCTBUTEABHBIE pa3Mepbl. OKA3aJI0Ch, 4YTO B IIOIE-
pEYHUKE OHHU JOCTUTAIOT NPUMEPHO OJHOI'O KHUIIO-
ImapceKa. A OTKPBITAS UM PAHEE 3AaBUCUMOCTD «IIE€PU-
OJl—BO3pPaCT» NOMOIJIA YCTAHOBUTH, YTO TUIIUYHBIN
BO3PACT KOMIIJIEKCOB COCTaBIAeT npuMmepHo 100 man
JIET, TAK YTO OHU IPEACTABIAIOT COO0ON CPABHUTED-
HO MOJO/ibI€ OOBEKTHI, KOTOPBIE BO3HUKAIOT B MpPO-
1IeCCE KOJIJIEKTUBHOI'O 3BE3/J000PA30BAHUSA, OXBATHI-
BAIOMIETO O6'bEM MPOCTPAHCTBA C XAPAKTEPHBIM PaA3-
MEPOM IOPAAKA OJAHOIO KMJIOHApCEKA. B eicTsu-
TEIBHOCTHU 3TO CAMBIE KPYIIHBIE O0JACTH 3BE3L000-
pazoBaHusA BO BCeleHHOH, B KOTOPBIX (POPMUPYIO-
IIMECSA U 3BOJIOLMOHUPYIOIUE 3BE3/bI OKA3bIBAIOTCS
I'€HETUYECKHU CBSI3AHHBIMU.

Konmenius 3Be3/JHBIX KOMIUIEKCOB KaK HAUOOJIb-
e U YHUBEPCAABHOU SYEUKU 3BE31000PA30BAHUS
[10JIy4M/IA K HACTOSIIEMY BDEMEHU IHUPOKOE MEXKIY-
HApPOJIHOE IPU3HAHUE U HAILIA JAJbHCHUIIEEC PA3BU-
THE B pabOTaAX BEJYIIUX ACTPOHOMOB U aCTPOPU3U-
KOB pPa3HBIX CTpaH. Cpeiu TeX, KTO aKTUBHO €€ Pa3-
pabaTeIBAET, — AMEPUKAHCKUIT TEOPETUK BPIOC Dilb-
MEIPHH; €r0 OCOOEHHO 3AUHTEPECOBAT KOCMOTOHU-
YECKUI ACMEKT KOHUENUU. KImo4eBoi NyHKT €ro Te-
OpUU — TPABUTALMOHHAS HEYCTOUYUBOCTh I'MI'AHT-
CKHUX I'a30BBIX OOJIAKOB ¢ MaccaMu Jo 10 MIH coJ-
HeuyHBIX. Takue o6JaKa AeHCTBUTEIbHO HAOIIOAAIOT-
Cs B TA30BBIX IMCKAX HEKOTOPBIX TAJIAKTUK. B KOCMO-
TOHUYECKON KAPTUHE DJIbMEIPHUHA OHU CIYXKAT UC-
XO/IHBIM MaTE€pUaIoM JJjs OO6PA30BAHUSA 3BE3JHBIX
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AIpKwnit 3Be3AHbI KOMNNEKC B cnupanbHoii ranaktuke Bogosopot (M51): cneBa Ha CHUMKe C HU3KMM pa3pelueHnem (yKasaH cTpenkoin),
cnpaBa — W3006paxeHne C KOCMUYECKOro Tesieckona «Xa66». CnpaBa oT KOMMeKca — rpynmnbl KOMNAKTHbLIX 3BE3[HbIX CKOMNEHNIA.

KOMILIEKCOB. IIo Mbicau EdpemoBa um DibMeErpuHa,
0cobas poJib B 3TOM NPOLECCE NPUHAJIEKUT TypOy-
JEHTHOCTHU: KDYITHOMACHITAOHBIE BUXPU YAEPKUBAIOT
06JIaKO OT CBOOOJHOI'O KOJUIAICA, 4 CBEPX3BYKOBbIE
BUXPU MECHBIIMX MACHTA00B CTUMYJIUPYIOT B HEM
6pICTpOE U 3(PPEKTUBHOE KOIEKTUBHOE 3BE3/J000-
pasoBaHue.

Ha 3TOM nyTH BO3HUKAET MHOKECTBO HOBBIX MH-
TEPECHENIMNUX HAGIIOJATENBHBIX U TEOPETUYECKUX
3ajga4. Hampumep, npeaMeroM aCcTPOHOMHUYECKUX
UCCIENOBAHUN CTAHOBUTCA THUAPOJUHAMUYECKUU

PerynspHas uenoyka 3Be34HbIX KOMMIEKCOB B OAHOM U3 pyKa-
BOB ranaktuku Avgpomesa. CUHUM LIBETOM OKPALWEHbI MONO-
able 38e3abl (M306paxeHue 8 YO-guanasoHe), KpacHbiM (U30-
GpaxeHue B MK-guanasoHe) — Tennas nblb, COOTBETCTBYIO-
Was pacnpefeneHunio HeiTpanbHOro BOAOPOAaA.

(peHOMEH mepeMEKAEMOCTH, T.€. YEPEJOBAHUA A4e-
€K JJAMUHAPHBIX U TYPOYIEHTHBIX TEYEHUN B ra3o-
BO-IIBUIEBOM OOJaKe-IPOTOKOMILIEKCe. He ucKio-
YEHO, YTO UMEHHO C 3TUM HEJIMHEUHBIM (U BCE elle
1260 U3YYEHHOM B (DU3HUKE) CBOUCTBOM TYypOY-
JIEHTHOCTH CBS3AHBI PA3JIMYUS B TEMIIAX 3BE3/]006-
Pa30BAHUSA B PA3HBIX YACTAX 006/1aKA HA PA3HBIX 3Ta-
MaX €ro 3BONIOLUH.

Kax 3amerun I0.H., nHOTa KOMIIJIEKCHI PACIIOna-
raloTCd BJOIb CIIUPAIBHOIO PYKABA I'AJIAKTUKU B BHU-
Jie IIETIOYKU C MOYTH OJUHAKOBBIMH PACCTOSHUAMU
MEXK/y KOMIIJIEKCAMU — U CAMBIM SPKUIT TAKOU CIly-
yail oH 06Hapyxu1 B 2008 I. B OTHOM U3 PYKABOB T'd-
JMAKTUKNH AHJpoMmena. MHTEPECHO, 4TO HUMEHHO
B 3TOM PYKaBE€ HAOIMIOAAETCA PETYIAPHOE BJOJb PYKa-
B4 MATHUTHOE IOJI€. BOZHUKIO €CTECTBEHHOE TNPEJ-
MOJIOXKEHUE, YTO 32 TAKYIO CTPYKTYPY OTBETCTBEHHA
MATHUTOTPABUTALIMOHHAS HEYCTOMYUBOCTD, Pa3BU-
BAIOMAACS BAOJDb PyKaBa. OIHAKO CUJIbHAS CIIUPAJIb-
Has yJapHasg BOJHA CIIOCOOHA PA3PYIIUTb PETYJIAP-
HOCTb IIOJIA; BEPOATHO, CTUMYJIMPOBAHHOE TAKOU
BOJIHOHM AKTUBHOE 3BE30006PA30BAHUE BEJAET K MOAB-
JEeHUI0 MHOTUX obsactein HII, «3anmyTHBAONUX> 110-
ne. B crarpe, onybnukosannou B 2010 1. B Monthly
Notices of the Royal Astronomical Society (T.405.
C.1551), IO.H. ormeuaer, 4TO TaKas KapTHUHA HABGJIIO-
JAETCA UMEHHO B TOM OTpE3Ke pykasa M31, rge on
eme B 1975 1. 0OHAPYXUI I'PAAUEHT BO3paACTa 1ede-
nj (a mosaHee U BOOOIIE 3BE3]| BLICOKOM CBETUMOC-
TH) TONEpEK pykaBa — (PEHOMEH, IpPeJCKA3aHHbIA
TEOPUEH PYKABOB KAK BOJH IUIOTHOCTU. B Takux yva-
CTKaX PYKaBa PETYIAPHBIX ILIEMOYEK KOMILIEKCOB
OBITH HE JOJIKHO, YTO U ITOKA3aIH HAOTIOAEHUS.
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B 3awuTy HayKu

«ArpeccuBHas JDKEHAyKa HacTymnaeT. MacmTabbl AB-
JIEHUS PACTYT C KAXKJBIM T'OJOM, 3TO YK€ HE OTHENb-
HBIE COYMHEHUA OTHEIbHBIX (PAHTA3EPOB, ITO CHUC-
TEMHBIE YYEHUA, XOPOIO OPraHU30BAHHBIE, UMEIO-
mue CBOM “aKaJeMuu” U PeryiaspHble KOH(MEPEHINH,
33494CTYIO MOJAYYAIONIHUE TOCYAaPCTBEHHYIO MO/IIEPXK-
Ky», — 3TO LUTaTA U3 HEegapHen crarbu 0. H. B 3amu-
Ty HayKU U NPOTHUB JKeHayku. O ce6e 10.H. ropopur:
HENPUMHUPHUM K Bparam Hayku. Ha ero cuery B aTOM
60pbbe — pPa3obIaAYEHUE «<HOBOM XPOHOJIOTUHN> dKa-
pemuka-mareMatuka A T.PomeHko. OT 3TOH JKEXPO-
HOJIOTHH, IKOOBI OCHOBAHHON Ha ACTPOHOMHUYECKUX
JAHHBIX, ocie pa6oT IO.H. ¢ coaBTopamMu HE OCTa-
JIOCb KAaMHS Ha KaMmHe. IM B pa6orax ¢ EJIlaBnos-
ckort 1 AKJJam6ucom 6bl1a peann3o0BaHa UJES, BbI-
asunytas [O.A3asenarunsM eme B 1980-x rogax:
HUCIOJAb3yd COBPEMEHHBIE JdHHBIE O COOCTBEHHBIX
JIBIKEHUAX 3Be3]] (CKOPOCTAX M HANPABICHHUAX HX
MEUICHHBIX II€peMelleHuil 110 HebecHou cdepe),
HAalTU JATy TOTO UX B3AUMHOTI'O IOJIOXKEHHUA, KOTO-
pO€ MAaKCHUMAalIbHO ONIU3KO K MOJOXKEHUAM, NMPUBE-
JEeHHBIM B «AnpMmarecrte» Knasaua Iltonemesn. Cpasy
Ke€ CTAJO fACHO, UYTO JATUPOBATH KATAIOT X BEKOM,
Kak 31O cjenan PoMEHKO, a6COMIOTHO HEBO3ZMOXKHO,
a B 2000 r. Jam6uc u E¢ppeMoB JOKA3AIU, 4TO KOOP-
JUHATBl OOJBIIMHCTBA 3BE3/l OBLIU OINPEIEIACHBI
B 3n0xy ['mnnapxa. Tak 6b1a pemena npoodnaema, Ko-
TOPYIO ACTPOHOMBI U UCTOPUKUA OOCYKIANU BEKAMU.
Ocraercs, OIHAKO, 3aT4/JKOM, nouemy IITonemer nps-
MO HE COCJIAJICSA Ha CBOETO MPE/IMEeCTBEHHUKA.

EppeMOB — AEHCTBUTENBHO U3 YNUCIA CAMBIX HE-
IIPUMUPUMBIX YYEHBIX, WICHOB M3BECTHOU Komuc-
cumn PAH no 60opnbe ¢ JkeHaykou. Jleo He OrpaHu-
YUBAETCA CTAPBIM Ka3ycoM (POMEHKO WM HOBBIMU
adepaMu «BBIJAIOIEIOCH HAHO-
texnonaora> B.M.Ilerpuka. Peub
HJET O KJIIOYEBBIX BONPOCAX —
O JKU3HU U CYIbOE OTEUECTBEHHO
HA4YKHU U, CIELOBATENBHO, KAK MOJ-
yepkusaer IO.H.,, o cyapbe crpa-
Hbl. OrpaHUYNMCA 3/1€Ch KPATKU-
MU OTPBIBKAMHU U3 MYOJUIIUCTUKU
Edpemona (Ypoxu 1941 roaa //
broyuterenp «B 3amurTy HayKu».
2011. Ne9. C.60).

«JlaBHo yxe B Poccum rocy-
OAPCTBO HAYKOW HMHTEPECYETCH,
JIMIIb KOT/Ia OHA O6EMAEeT HEME-
JIEHHYIO N10JIb3Y (HA YEM U UT'PAIOT
/mxeydensle). Ho mmojbl Hayku
MEJIEHHO 3PEIOT — 4 UX CEMEHA
MNOPOXKAAET  (PYHJAMEHTAIbHAL
HAyKa — T4 caMasl, GUHAHCUPOBA-
HHE KOTOPOM, IO MHEHHUIO HEKO-
TOPBIX HANIUX MAPIAMEHTAPUEB,
PaBHOCHIBHO OTANJIUBAHUIO AT-
Moc@epbl». «Y HAC, BIIEPBBIE B MU-
pOBOIT HUCTOPHUH, KIACC YYEHBIX

3 3aqwa
HayKu

Bronnemes

18

MOCKBA 2016

MocnepHuit BbiNyck GlonneTeHs.

CTaJl B PAABI HAUMEHEE OIIAYMBAEMBIX IIPOJIETAPU-
eB!» I HakoHel: «CTpaHe, KOTOPas HE KOPMUT CBOIO
HAYKy, MOXET OBbITh, IPUAETCI KOPMUTDb UYXKYIO aAp-
MUIO». DTO BBICKA3BIBAHUE TMPUHAJIEKUT, KAKETCH,
He EppeMOBY — HO NPUBEJEHO OBIIO OYEHD KCTATH...

ACTpOHOMMﬂ KaK nupep eCcteCtBO3HaHUA

Bepuemcs, ofHAKO, K acTpoHOMUU. OHA MOYTHU yXKE
CpaBHANACH ¢ (PU3UKON — HE TOJBKO MO I'PAHJUO3-
HOCTH UCIOIb3YEMBIX B ACTPOHOMHUHU HHCTPYMEHTOB,
HO IIPEXJE BCEro no riayoune, macmrady u QpyHzaa-
MEHTAJIBHOCTH €€ HBIHEIHUX IPO6IEM. ACTDOHOMUS
XXI Beka — 3TO pa3BeTBICHHAA HAYKd, OXBATBHIBAIO-
mas BCE, 4YTO MBI BUJUM Ha HeOE, OT METEOPOB U KO-
MET O I'aJIaKTUK, KBA3aPOB U BCeIeHHOM KaK LIeI0ro.
OCO6EHHO BHEUATIAIONM HEJABHUE YCIEXU ACTPO-
HOMOB B HA6JII0JATENBHON KOCMOJIOTUM: OTKPBITHE
TEMHO! MATEPUU U TEMHOI 3HEPIUU BAKYYMd, Hd KO-
TOpbIE NIPUXOAUTCSA 95% BCEHU ILIOTHOCTU MACCHI-
3Hepruun BuAuMMOu Bcenennoi. [Ipupoja u MUKPO-
CKONMYECKAA CTPYKTYPA 3TUX HOBBIX (POPM KOCMHU-
YECKOW 3HEPIUU — CaMasd OCTpasd Nmpobiema CoBpe-
MEHHOU (PU3UKU U ACTPOHOMMUHU.

3aMeuyeHa [IOYTH JIMHEUHAA dMIIUPUYECKAS 3ABU-
CUMOCTDb: YEM TSKEJIEE ACTPOHOMUYECKUN OOBEKT,
TEM HEMOHITHEN ero puanyeckas npupoja. v gusu-
KOB Ha000pOT — OOJIbIIE BCETO 34T4/JOK C MUHHU-
MQJBHBIMH MACCAMHU M PACCTOAHUAMHU (KAK JIABHO
YK€ U3BECTHO, JIErYafilIue U3 JENTOHOB HEUCYEPIIA-
€MBl). B HAamM AHU BCE CAMOE CJIIOKHOE B dCTPOHO-
MUM NPUXOJUT B TECHEHIIEE 0ObEJUHEHUE C CAMBIM
CJIOKHBIM B (pU3HKE: BCeNeHHAs KAK LIEN0€E U 3JIEMEH-
TAPHBIE YACTULBl CTAHOBATCA €JUHBIM IIPEJMETOM
HU3Yy4YE€HUA B HEBUJAHHOHN paHee OOJACTU €CTECTBO-
3HAHMS, CBEPXHAYKe OYAyLIEro,
y KOTOPOH HET elle OOIeNpUHI-
TOI'O HA3BAHUA, XOTS €€ 4aCTO Ha-
3BIBAIOT KOCMOMHUKPO(PU3UKOM.
KakoBa 3pech posb ACTPOHOMOB,
KAKOB MX JIOJEBON BKJIAJ B 3TO
npepnpuarue? OTBETUM H4 BO-
npoc ciaosamu 10.H. u3 kuuru, nu-
TUPOBAHHON B MNEPBBIX CTPOKAX
Hallel CTATbU: K HA4aJly HOBOI'O
BEK4 ACTPOHOMBI <«QOKA3a/Id, YTO
pu3uKa 3aHUMANACh JIMIIb HeE-
CKOJIbBKMMH TPOLEHTAMU COJEP-
JKAHUA BCeneHHON, — U OHU XK€
JaJIN YHUKAJIbHBIC OI'DAHUYECHUA
Ha IPUPOJY TEMHON MaTEPUU
U IUIOTHOCTb BAKyyMd, 4YTO (PU3HU-
K4, 4 TOYHEE, HETPABUTAIMOHHAA
¢pusuKa, B IpUHLUIIE OCCCUIbHA
caenars. KTo MOXeET Tenepb yCOM-
HUTBCA, 4YTO ACTPOHOMUSA CHOBA,
KaK BO BpeMmeHa lanmunes u Hblo-
TOHQ4, CTAHOBUTCH JIUJEPOM €CTe-
CTBO3HAHUA?>. W

0 BOPBEE C JDKEHAYKOH
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[IpOrHo3 3emaempsiceHul
[loyeMy moAadam Y4yeHblers

Mol HAYUUNUCH YCNEUIHO <NPOZHOSUPOBAMb> NPOULeduile
3emMaempacenus.

Axagemuk M.A.CaJOBCKUI
BeicTynieHUE HAa OTKPBITUU BCECOI03HOIO COBEIA-
HUsA «COBPEMEHHBIE CEUCMO/IMCIOKAIIUN U UX 3HAYE-
HUE JIJI1 CEMCMUYECKOIO MUKPOPANOHUPOBAHUS>

MockBa, 25 auBapsa 1972 1.

P.M.Cemenos, B.B.Kamkosckuu, M.H.Jlomatun

T Xe x cobaxku!.. IITO BBI-

TBOPAIOT. IITO OHU TOIBKO

BeITBOpsAIOT! W HE cnurcs
nM! Ta-ak. A Beab 3HAIOT yYEHBIE
u Mos4ar. He XOTAT pacCTpauBaTh
HAPOJA. A 4ero 6Bl HU CKA34Th? Mo-
JKET, BCE BMECTE-TO U NMPHUAYMATH
6bl. HeT, croBopuinuch U MOJIYar.
BosnneHue, MOJI, HAUHETCS».

Tax Angpent EpuH — repoit
pacckaza B.M.Iykmuna «MHUKpPO-
CKOIl» — BBIPAKAJ CBOE HETOJJOBA-
HHE I10 NOBOJY O€31ENCTBUA yUe-
HBIX OTHOCUTEJIBHO YHUYTOXKEHUSA
MUKpO60B. HecMOTpsAs Ha TO 4YTO
HAayKa O 3EMJIETPACEHUAX JaJeKa
OT MUKPOOHONOTUH, B aJJpEC yue-
HBIX-CEUCMOJIOTOB TOXE HEPENKO
CHABIIATCA yIpeKn: «Kyga cMoTpAT
yUEHBIE, TIOYEMY HE NPEAYNPENH-
JI1? 3HAJIU K€, 4YTO 3EMJIETPSACEHUE
rorosurcsa! He xorTaT paccrpau-
BATb HAPOA?»

YTO yAUBUTEIBHO, YIPEKU ITU
HEOGE30CHOBATENbHEL. [ledaIbHBIM
NIPUMEPOM MOKET CIYKUTb PA3PY-
MmUTENbHOE TaHIMIaHbCKOE 3eMile-
Tpsicenue 1976 r. B Kurae (puc.1),
B PE3YIBTATE KOTOPOTO MOTUOIIO
6oJjic€ TMONYMUJJIIMOHA YEJNOBEK,
XOTd NPEJBECTHUKOB HaJBUTAIO-
HIEHCSA KATaCTPOdbl OBLIO J1OCTA-
TOYHO. A TOJJOM PaHEE CEBEPO-
BOCTOYHeE TaHMIAHA IPOU3ONLIO
CUJIBHOE 3EMIIETPSICEHUE, KOTOPOE
pa3pymuno r.Xan4ysH u 6J1U3J1exKa-
mue NpeaMecTba. OQHAKO KEPTB
Ccpe/ii HACeJlIeHNs OKa3aJI0Ch CPAB-
HUTEJIbHO HEMHOI'O 6saropaps
IIPOTHO3Y COOBITHUA U CBOEBPE-
MEHHOM 3BAKYALIUU JIIOACIH.

© Cemenos P.M,, Kamkoscku# B.B.,
Jlomatun M.H., 2017

Pyooavp Muxaiiroéuu Cemenog, 00Kmop
20071020 -MUHEPANLO2UUECKUX HAYK, 6e0VUlULL
HAYUHBLLL COMPYOHUK AAOODAMOPUU UHICE-
HePHOIL CelicmonouU U ceticmozeono2uu M-
cmumyma 3emotl xkopor CO PAH, npogpeccop
Hprymcro20 20Cy0apcmeenno20 YHuGepCu-
mema nymeti cooouyenus. 3anuUmMaemcs npo-
baemami OYeHKU CelicMunecKoli 0nacHocmi,
celicmunuecrKo2o pationuposarnus u 1noUCKOM
npeoeecmuuxos 3emaempaceruii. Heoomno-
Kpammo nyoauxoeanca 6 <Ilpupooes.

Buxmop Baaoumuposeuu Kawmkoeéckuii,
00KMOpP MmexHuueckux nayx, npogpeccop mo-
20 ace ynueepcumema. O6nacms HAYUHbBLX
unmepecos — 6e30NaACHOCMb Ha MPAHCNOP-
me, mamemamuieckans CmamucmurKa u cma-
mucmuyuecKoe mooeauposarie.

Maxcum Huxonraesuu lonamumn, unijcerep
no oxpawe oxpyxcaroujeit cpeovt PI'YITI «Ypar-
zeonozopaseedra. Baiikanrsckuti gunuan “Coc-
nogzeonozun’” (2.HUpxymcr). Cneyuaniucm no
Dpaouayuonnoll 3K0a02ULL.

Kirouensie cioBa: IOxHoe [1pubarikanbe, pACTBOPEHHBIN T'e/TMH, KO3(DPUITUEHTDI
KOPPEJIALINN, UHTETPUPOBAHHBIC HHAUKATOPHBIE (DYHKIIUH, TPEABECTHUKN 3 MJICTPSICEHHI.
Key words: Southern Baikal, dissolved helium, correlation coefficients, integrated
indicator function, earthquake forecasts.
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XoTs 06a 3€MJIETPSCEHUS CIly-
ynch 6onee 40 ser Hazaj, UH-
TepeC K HUM HE IPOMNAJAET 0 Ce-
TOJJHAIIHETO JIHS.

Xailu3HCKoe 3emneTpaceHue

CobbiTHE npousomno 4 (espandt
1975 1. 8 19 4 36 MUH 1O MECTHO-
My BPEMEHU B I0)KHOU 4ACTHU IIPO-
puHIMH JIsoHuH CeBepo-Bocrou-
Horo Kurag [1]. Ero marnurypa
cocraBuia 7.3, TayouHa odara —
12 KM, MHTEHCUBHOCTb COTpsCE-
HUU B 3NULEHTPE (B parioHe Xau-
4y3H4) JocThrana 9 6aanoB 1o
12-6annpHON mKane [2]. OHO OKa-
3a710Ch CAMBIM CHJIBHBIM M3 BCEX
3aPETUCTPUPOBAHHBIX COOBITUIT B UCTOPUYECKUX JIE-
TONHUCAX B 3TOU NPOBUHIIUH, 4 TAKXKE CAMBIM KpYII-
HBIM HETTYOOKUM 3eMieTpsaceHueM B Cepepo-Boc-
TOYHOM Kutae. OCHOBHOM TOMYOK NPEABAPAICA CE-
puel pOPUIOKOB U CONPOBOXKAAICA OONBIIUM KOJIHU-
YECTBOM MOBTOPHBIX TOTYKOB — A(PTEPIIOKOB.

[Tpu 3eMIETPSICEHUN HA TOBEPXHOCTU 3€MJIN BO3-
HUKJIU MHOTOYMCJIEHHBIE TPEUUHBI, SMBI-IIPOBAJILI
1 rpuOHBL, U3 KOTOPLIX (POHTAHUPOBAIA BOJA C Ie-
ckoM. Ee Tremnieparypa gocrurana 40°C, 4To B XOJI0O[-
HBIX 3UMHHX YCJIIOBUAX BBI3BATO OOPA30OBAHUE I'YCTO-
IO TYMaH4, CTEJIUBIIETOCH IO MOBEPXHOCTH.

CUbHBIEC PA3PYIICHUS U YEIOBEYECKUE KEPTBHI
OTMEYAIUCH B XAMY3HE U €ro npuropopax. dacruu-
HO Pa3pyMIMWIUCh CTapbl€ 0Ma B I.MTHKOY, HAXOJUB-
meMcs B 8-6a/IbHOM 30HE. B 7- 1 8-6a/IIBHBIX 30HAX
UMENIUCh PAHEHBIE U IOTMOMHE NPU O6BANAX CTEH
1 KPBIII 3/1aHUH. BbUIM TOBPEXAEHBl ABTOMOOUJIBHBIE
1 KEJIE3HOLOPOKHBIE MOCTHI.

KOMIIJIEKCHBIE UCCAEAOBAHUA IO IIPOIHO3Y XaM-
Y3IHCKOTO 3EMJIETPACEHUSA HA4YaIUCh eme B 1970T
B aTOM paiioHe NPOXOJUT CEUCMUYECKUN 1TOSC TaHb-
43H-UHKOY (PHUC.2), IPUYPOUEHHBI K HM3BECTHOMY
IIyOUHHOMY pazinoMmy Tanpusn-Jlyazan (Tanny)
aHanory pasiaoma Can-Anapeac B Kanudopuumu,
Ha 3anaje CIIA [4, 5]. C pasnomom TaHyy CBA3AaHBI
MHOTOUYMCJIEHHBIE CUJIBHBIE 3EMIECTPACEHUSA C MATHU-
Tygamu 10 8.5 [6]. K 70-M rojjaMm HAMETHUIACH MUT'PA-
111 3HAYUTEIbHBIX CENCMUYECKUX COOBITUI HA TEP-
PUTOPUIO NPOBUHIIUU JIAOHUH.

VYuTBHIBAS BBICOKYIO IJIOTHOCTb HACEJIEHUS U pa3-
BUTYIO CEThb MPOMBIIIIEHHBIX MPEJIPUATHUIL, HAIIUO-
HaJIbHAA KOH(MEPEHIUA IO CEUCMOJIOTUU, IPOBEECH-
Hasa B 1970 1., IpUHsIA pEUIEHUE BHECTU 3TY IIPOBUH-
LIMIO B IPOTPAMMY 11O IIPOI'HO3Y 3eMIETPpACEHUM. Mc-
CJIEIOBAHUA TIPOBOJUINCDH IOJA JeBU3OM: «[OTOB-
HOCTb HE IIPUHECET Bpeaal».

I'pynna cercMONOroB JOIKHA 6bU1a pa3paboTaTh
METO/JUKU IPOTHO3a U HAOMIOAATD 32 IPEJBECTHUKA-
MU 3EMIETPACEHUN, KOTOPBIE MOAPA3LEIATUCh HA
MUKPO- U MAKpPO. MHUKPONPEABECTHUKN H3Y4YATUCDH

Puc.1. NocnepctBus TaHwaHbCcKoro 3emnetpaceHuns 1976 r.
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Puc.2. Kapta anuueHtpos 3emnetpsceHuit Ceepo-BocTtouHoro
Kutas [3]. M — 3nuueHTpbl 3eMNeTPACEHUN C MArHUTYROIA:
a — >80, 6 — 7.0-7.9, B — 6.0-6.9, 1 — <6.0 (undpsl
Y KpyXKa — fAata 3eMJeTpsCeHUsA U ero maruutyaa); 1 — ak-
TUBHbIE B KallHO30€e pa3NoMbl: @ — 30Ha pasnoma TaHny, 6 —
npoyne pasnombl; 2 — rpaHuLLa NPOBUHLNUY JIAOHUH.
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C MOMOIIBIO NPUOOPOB, 4 CBEJEHUSI O MAKPOIIPE/IBE-
CTHUKAaX OCHOBBIBANMCH HA HAGMIONCHUIX 32 TOBEIE-
HUEM KHBOTHBIX, YDOBHEM BOJIBI B BOJOEMAX, 1eOU-
TOM UCTOYHHKOB, ATMOCHEPHBIMH SABIECHUAMU U [IP.

MukponpeaBeCTHUKH

CericMOJ0OTHYECKHE AaHHBbIE. CCUCMUYECCKAST AK-
TUBHOCTb NPOBUHIUU B 1972-1973 rT. 6b11a CPABHU-
TeNbHO ¢1a601. C 1974 1. ee ypOBEHDb 3AMETHO MOBBI-
cuncd. CHa4yana aKTUBU3ALUA OTMEYANACh JIMIIb
BJOJb pa3noMa TanpusH-MHKOY, 2 nepen XandsH-
CKUM 3EMJIETPSACEHUEM PACIPOCTPAHUIACH U HA IPY-
rue paroHbl. Peskoe yBennuenne CeMCMUYECKON aK-
TUBHOCTU HA44J0Ch 34 TPU JHA O OCHOBHOI'O TOJIY-
K2, 2 32 6 9 10 COOBITHS YACTOTA CNAGBIX TOTYKOB J10-
CTHUIJIA MAKCUMAJIbHOTO 3Ha4eHUA. OCHOBHOE UX KO-
JIMYECTBO COCPENOTOUYUIOCH B PANMOHE 3IMULEHTPA.
K MOMEHTY € Hayala 4ucjao (POPIIOKOB PE3KO yIa-
JIO U HACTYIMJIO KPATKOBPEMEHHOE CEHUCMHUYECKOE
3aTULIBE.

[TpOBOAMIOCH N3YYEHHUE U CKOPOCTEN CENCMUYE-

CKHUX BOJH. [lepes 3eMIeTPACEHNEM B TEUEHUE YETHI-
pex JIeT 0 OCHOBHOI'O TOJIYKA OTHOIIEHHUA CKOPO-
CTEU INPOJOJBbHBIX U IONEPEYHBIX CEHCMUUYECKUX
BOJIH OBLIM OTHOCUTENBHO HU3KUMHU, U JTUIIb K KOHITY
Mapra 1974 r. OHM IOBBICUIUCDH O HOPMAJIbHOU BE-
anuyuHbl. Cnycra 10 Mec npousoumo XandsHCKOe
3EMJIETPACEHUE.
JedopmManuu 3eMHOM NOBEPXHOCTH UCCIE/OBA-
JIUCh C IIOMOIIBIO HUBENIUPOBAHUA. CTAHLIMA HAOJIO-
peHust LIBMHBCAH pacmosaranace B 196 kM oro-3a-
lajHee 3MNULEHTPAa XAUYIHCKOI'O 3€MJIETPACEHUS.
JIuHuio u3mepenus npoaoxuau 8 1970 r,, a ¢ aBrycra
1973 1. cTanm OOGHAPYXKHUBATHCA KONEOAHUA BBICOT
MOBEPXHOCTU 3EMJIM, HE IPEBBIIIABIIHE 2.5 CM.
B nenp XaM4sHCKOIO 3EMJIETPACCHUS HUKAKUX BHE-
3AIIHBIX M3MEHECHUI HE OTMEYAJIOCh. AHAJOI'UYHBIC
ABIEHUSA (PUKCUPOBAIUCD U B IPYIUX 4aACTAX JIA01yH-
CKOTI'O I1-0B4, I0KHEE U I0I'0-BOCTOYHEE 3MULEHTPA.

I nzydenus gedpopManuil 36 MHON IOBEPXHOC-
TH TAKX€E UCIOJIb30BAINCh HAKIOHOMEPHI C TOPU3OH-
TAJIbHBIM MAATHUKOM. VMI3MEHEHUS HAKIOHOB IEpe]
XaANY9HCKUM 3EMJIETPACEHUEM OTMEYanuch B IIIaHb-
aue, suupwkoy, Ilanpnsune, MHKOY U JPYIUX MeC-
TAX BO BCEX HANIPABJIEHUAX OT 3MUIIEHTPA. B paiione
rJIsosH (Ha paccrosauu 64 kM ot [laHbsHA) 22 71e-
Kkabpsa 1974 r. npousonuno semnerpacenue ¢ M = 4.8.
[Tocse TOro Kaxk aTEePIIOKU 3dKOHUMUINUChH, HAIIPAB-
JIEHUE HAKIOHA C I'OCHOACTBOBABLIEIO IOI'O-BOCTOY-
HOI'0 U3MEHWJIOCh HA CeBepO-3amajgHoe. 13 auBaps
1975 1. BEKTOP HAKIOHA PA3BEPHYJICA K I0OI'O-BOCTOKY,
a 15-r0 Ha4yaI10Ch OO6PATHOE U3MEHEHUE C YBEIUYE-
HHueM ckopocTu. Hakonern 1 ¢espansa 1975 1. 3eMHad
IIOBEPXHOCTb BHE3AIIHO HAKJIOHMUIACH K I0T0-3411a]Y,
B CTOPOHY 3MULIEHTPA, U IIEPE] 3EMICTPACCHUEM BE-
JIMYMHA HAKJIOHA PE3KO BO3POCIIA.

Copep:xaHue pamoHa B Boge. [Ion0XUTENbHBIC
1 OTPHULATENbHBIE AHOMAJINHU COAEPKAHUA PAJOHA

B Kosoae3Ho! Bojie B UIaubsane, Cunusne, [1aHbII3U-
He, Tanrannasl, CioHIO34ueHe, 1[3uHbCAHE, JJaHbIYHE
U APYI'UX HACEJICHHBIX IIYHKTAX HAYAIU HPOABIATHC
32 TOJ| JO 3EMIIETPSICEHUS — YXKE B AHBape-(peBpase
1974 1. u, ocob6enno, B reuenue 10—20 gHEN 10 COOBI-
THA. [lepes] ITTaBHBIM TOJYKOM OTMEUAJIOCh PE3KOE U3-
MCHEHHUE COAEPKAHUA PaZioOHA B KoJojue B I.IIaHb-
maune (B 90 kM or anuneHTpa). 32 4-6 9 10 TOMYKA
OBl 3APETUCTPUPOBAH BCIIECK U3MEHEHNUH KOHIIEHT-
panuu B I.TaHX35HE, 4 32 OJIYACA JO 3EMJICTPSCECHUS
COIEP)KAHUE PAJOHA PE3ZKO BO3pocao. MHTepecHo,
YTO U3MEHEHUE KOHILIEHTPALUN PA/IOHA 32 HECKOJIBKO
YACOB [JJO 3EMJIETPACEHUS OOHAPYKUIN B IIPOBUHIUU
X3631, B 500 KM OT 3IULIEHTPA.

Cua TAXKECTH H HANPAKEHHSI B 3€MHOH Kope.
OnpepeneHus CUIBL TAKECTH NPOBOJWINCH O JIU-
HUU banwksnp—IlaHpmaHp—YKYyaHX3 HECKOJIbBKO
pa3, KaK 10 3EMJIETPSICEHUS, TAK U 110CJIE. B anuILeHT-
PaJIbHON 30HE CUJIA TSKECTH IIEPE]] 3EMIICTPACCHUEM
IIOHMXAJIACh, 4 II0CJIE€ — IIOBBINIATACH U BO3BPAIILA-
JIACh K UCXOJJHOMY 3HAYECHUIO.

M3MEHEHUS HANPSKEHUH B 36 MHOU KOpe HAOIO-
pganmucek B Ulanpane, Lsunbwkoy, Jangue, Kanoane,
Tanmaxe, AHBIIO. AHOMQJIMY UHAYKTUBHOCTU Ha4a-
1 OOHApPYXUBATHCA B LIIaHBAHE paHbIIE JPYTUX AHO-
MQIMHA U IIPOJOJLKAIUCE B TeueHue 300 auen (¢ AH-
BAps 10 KOHIIA HOsAOps 1974 1.). Ha cTaHuAX Ha6J110-
neHunt B Izunpwkoy u Tanmane 32 1.5 94 10 3emie-
TPACEHUS (PUKCUPOBANUCH BHE3ANHBIE M3MEHCHUS
HANPSKEHUH, KOTOPbIE K MOMEHTY IIOJI3EMHOIO
TOJIYKA UCUYEC3IIH.
3eMHBIE TOKH. AHOMAJIbHBIE OTKJIOHECHUS YAEIbHO-
I'O 3NEKTPUYECKOTO CONMPOTUBIECHUS B 3EMHOU KOPE
PEruCTPUPOBAIUCD YKe B HAavane 1973 1. Ha CENCMO-
cTaHuuu B IlaHpu3uHe. Pe3kue M3MEHEHUSA €CTECT-
BECHHOI'O 3JIEKTPUYECKOTO INOTEHIUANA NEPE] IPU-
ONMKAIOIMMUMCS 3EMJICTPACEHUEM OTMEYAINCH B Xaii-
usHe, Mukoy, Xywkyane, bancu.

Ha ceicMUYECKON CTAaHIUU XaldaH 22 nexkabps
1974 1. 32 5-10 9 g0 JIAOAHCKOI'O 3EMJIETPACEHUA
CM=4.8 perucTpupoOBaJIUCh CUTHAJIBI TPEX CPABHU-
TEJbHO CUJIBHBIX UMITYJAbCOB. 32 5 4 10 XaHUYIHCKOI'O
COOBITHUS B KOJIEOAHUAX 3EMHBIX TOKOB BO3HUKIU
MO/IPAJ IMECTh CUIBHBIX CKAYKOB, KOTOPBIE OBLIU
BOCIHPHUHATH KAK KPATKOCPOUYHBIE NPEABECTHUKU
3EMJIETPACEHUS.

TakuM 06pa30M, NMPEJBECTHUKU 3EMIIETPACEHUS
B pafioHe HaOJII0JAIUCh, OJIHAKO YBEPEHHO HAMETUTH
I1I0 HUM BpCMH IIOZI3EMHOTO TOJ/IYKA 6bI,TIO HpaKTI/I‘-ICCI(I/I
HEBO3MOXHO. TeM He MEHEE OHU CYKAT BAKHEUIITUMU
CBUJICTEIbCTBAMU 3APOKIACHUA 3eMIIETPACEHUS [7].

MakponpepaBeCTHUKM

IloBegeHHE NPECMBIKAIOIIUXCHA, KHUBOTHBIX,
ITHL, PBIO. HecMOTps HA JIOBOJIBHO CHUIBHBIE MOPO-
3Bl 32 2 MEC /10 COOBITUSA U3 HOP HA IOBEPXHOCTD BBI-
MOJI3NW 3MEU (KM NMOrubau OT X0y0Aa). JomamHue
JKUBOTHBIE (COOAKH, KOIIKH, KOPOBBI, JIOMA/JU, CBU-
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HbH, OBLBI U JIP.) IEPEJ 3EMIETPACEHUEM NTEPECTANN
NPUHUMATD IHINY, BEIU ceba KparHe OECIOKOMHO
U arpeccusHo. 3a 1.5 Mec. 1O MOA3EMHOI'0 TOJNYKA I10-
ABUJIOCHh MHOXECTBO KPBIC. ['ycH, KypHl, TOIy6H OOHA-
PYXHUBAJIU CUIBHOE OECIIOKOUCTBO, B3IETAA U CAJACDH
H4 JIEPEBbA, 10MA, CKIOHBI XOJIMOB. [01y6u ynerenn
C HACHIKEHHBIX MECT U BEPHYJIUCH TOJIBKO ITOCIE 3€M-
JIeTpsACEHUs. PpIObI HAKAHYHE 3EMJICTPACCHHUS I1JIABA-
JI1 y MOBEPXHOCTHU, 4 32 4aC JJO COOBITUA CTATHU BbHI-
IIPBITUBATD U3 BOADL.

IMoap3eMHBIE BOIBI. 32 2 MEC IO COOBITUS HAYAJ HU3-
MEHATBHCS YPOBEHL BOJBI B KOJOAIAX, OTMEYATUCDH
BOJIOBOPOTHI, Iy3bIPU, IOMYTHEHHE, MOBBLIIIEHUE
TEMIIEPATYPBI, U3MCHECHUE 34I1aXa, BBIOPOCH. U (POH-
TAHUPOBAHUE BOABL. B OJHUX MECTAX MOABIAIUCH
HOBBIE UCTOYHUKHU, B APYIUX K€ OHU Ucdesanu. [1og-
3E€MHBIEC BOJABI HA4YaId MUIPUPOBATH B HANIPABICHUU
K Xaitusny. C 1 o 4 ¢espana 1975 1. HEOKUAAHHO
CTaJIa IPOUCXOJUTDh UX «OOpaATHAA MUIPALUA> — OT
3MULEHTPA BO BCE CTOPOHBL. YKECTKOCTh U XUMUYEC-
KUU COCTAB BOABL TAKKE U3MEHSIUCD.
MeTeoycnoBHA. 34 HECKOIBKO JHEN 10 3€MIIETPACE-
HUSA B 3MULEHTPAJBLHON 30HE OTMEYAJIOCh IOBBILIE-
HHUE TEMIIEPATYPHI BO3/lyXa U IMOHMKEHNIE aTMOChEpP-
HOTO [JABJIEHUSA, KOTOPbIE NOCTUIIA MAKCHMAJIbHBIX
3HaueHui 4 gespanst. Bo MHOI'MX paliOHAX IIOSBUICH
CTEJIOIUICA 110 ITOBEPXHOCTU I'yCTOM IUIOTHBIM Ty-
MaH, KOTOPBIA MOCJIE COOBITUA OBLICTPO PACCEAICH.
Bo Bpems 3eMuIeTPACEHUA HA TEPPUTOPUM IIPOBUH-
uun JIsoHuH (o1 JlaHb/lyHA HA BOCTOKE 10 TaHIIAHA HA
s3anaze u ot Hlanpana Ha cesepe A0 LB3UMHbWKOY HA
10ore) HabII0JA710Ch 3EMHOE CBEUYCHUE. S3bIKU 6€JI0T0
IUIAMEHU BCHIBIXMBAJIM U3 CEUCMOICHHBIX TPEIIUH.
Ha He6e mOoABUINCH PA3HOLBETHBIE PAAYTHU U OT'HEH-
HBIE MAPBI, KOTOPBIE TOCAE COOBITUA MOCTENEHHO UC-
4e3JIu. 32 2 MUH JJO TOTYKA U BO BPEMA 3EMIIETPACEHUA
B 3MULIEHTPAJIbHON 30HE CJIBIIAICA ITOA3EMHBIN I'YIL.

WTaK, Ha OCHOBAHUU BBIIIECIIPUBEJCHHBIX JAHHBIX
OBLJIO IPEACKA3AHO XAUYIHCKOE 3EMJICTPACECHHUE.
32 4 9 10 ITaBHOTO TOMYKA OOJBIIYIO YACTh HACEIIE-
HUA 3BAKYUPOBAIM U3 IMULEHTPAIbHON 30HBL. bia-
rojlaps 3TOMY IPU 3HAYUTENbHBIX PA3PYIIEHUAX KHU-
JIBIX JOMOB M OOIIECTBEHHBIX 3/JaHUIN YUCIIO XKEPTB
0Ka3aJI0Ch HEOOJIBITHM.

O/HAKO, HECMOTPS HA TO YTO XdNYIHCKOE 3eMiIe-
TPSACEHUE YAAJIOCh CIPOIHO3UPOBATD, OCTATIOCh MHO-
I'0 HEACHOTO. He ciiygaiiHo Ke oCIef0oBaBIee yepes
roj TaHImaHbCKOE 3E€MIETPACEHUE TIPELCKA3ATh HE
MOJIYYMJIOCh, XOTA NPEABECTHUKU HAOIIOLAIUCD
U IIEpeJ HUM.

Kuranckue CeincMO/IOry MPEeAIoaaralim, 4To Mar-
HUTYAA 3€MJICTPACEHUSA HA I0I'€ IPOBUHIUY JITOHUH
JOJIKHA cOCTaBUTD 5.0—6.0. HO 3Ta OIjeHKA HUYEM HE
OOOCHOBBIBAIACh. XOTdA, €CJIM UCXOAUTb U3 MAKCHU-
MQJIBHBIX BO3MOXHBIX 3EMJICTPACCHUI B 30HE PA3J10-
Ma TaHsy, MArHUTYAY OYYIIETO COOBITUS MOXHO OBI-
JIO OLLEHUTDb I'OPa3j0 BblE. Panee 31eCh CIy4aanuch
semnerpsacenusn ¢ M > 7.0, a B XVII B. ceBepHee TaHb-
Y3HA IIPOMUBOILIO 3eMIETPACEHNE ¢ M = 8.5, ynecmniee
ITIOJIMUJIZTMOHA YETOBEYECKUX XKU3HEN [4].

MecTOonoNMOXKEHNE IMUIEHTPA XANYIHCKOTI'O 3EM-
JIETPSCEHUs JTOKATU30BAIN BCEI'O IIPUMEPHO 34 2 MEC
JJO OCHOBHOTO TOJIYKA. B TeueHue e HECKOJIbKUX JIET
BBICKA3bIBAJIUCDH IIPEJIIONIOKEHUA O BEPOATHOM CUJIb-
HOM COOBITHH H4 I0T€ NPOBUHIUU JITOHUH — OTrPOM-
HOU TEPPUTOPHUU C PAAUyCcOM OKOI0 200 KM.

HakoHerw, BpeMs BO3HUKHOBECHUS 3€MIIETPSICCHUS
MPE/ICKA3BIBATIOCH HECKONABKO pa3. OObABIIUCE TPe-
BOI'M (K4K BIOCJEACTBUU BBIACHSJIOCH — JIOXKHBIE),
U AK€ IPOBOAUINCH 3BAKyalluu. JIumb 32 2 4 10 OC-
HOBHOTO TOJIYKA 3BAKyaLMsA OKA3414Chb ONIPABLAH-
HOM, IPUYEM 3Ty TPEBOI'Y MOIJIUA OOBABUTL U PAHb-
nie, ¥ no3xe. He 6bIO MOMHOM IapaHTUU B OIIpENE-
JICHUM BPEMCHU BO3HUKHOBEHUS 3EMJICTPACCHUS.
HexkoTopsble XKUTEIU, PA3YBEPUBLIIUCH B IIPOIHO34X,
BO3BPAIAJIUCh B IOKMHYTHIE LOMA, U BIIOCAELCTBUU
MHOTHE U3 HUX IOTUOIH NOJ PA3BATAMU.

HHUCKOMBKO HE NpeyMeHbIIad YCIEeX KUTANCKUX
CHEUATUCTOB B IPEACKA3AHNUU XANUYIHCKOTO 3eMJIE-
TPACEHHUA, MOKHO OTMETHUTD, UTO B 6OJIBIIEH CTEIIEHU
3TO CUACTIUBAA CJIYy4alHOCTD. [Ipy aHaIU3€e pas3ninyd-
HBIX SABJICHUMH, NIPEABAPAIOIUX YKE IIPOU3OLICAIINE
CUJIbHBIE 3€MJIETPACEHUA, BUAHO, YTO JAJIEKO HE BCE-
I/1a YAA€TCA BBIAECIUTD NPEJBECTHUKH, IIO KOTOPBIM
C YBEPEHHOCTBIO MOXHO OCYLIECTBUTD IPOTHO3 [8].

MHOX€ECTBO CBEPXCPOYHBIX NPEABECTHUKOB (I10-
BEJICHUE MJIEKOMUTAIOMIUX, IPECMBIKAIOMIUXCS U PBIO,
ATMOC(EPHBIE ABIEHUA U JP.) CIACINA HE OJUH JIECs-
TOK 4YeJIOBEYECKUX KU3HEHU. JIIoAM IPU IEPBBIX XK€
MPU3HAKAX HA/IBUTAIOIETOCA MOIHOI'O TOMYKA IIOKHU-
JaJId CBOU ioMa. BoT rge npuroauica npuHyun «fo-
TOBHOCTDb HE IIOBPEJUT>!

Mpo6nembl NPorHo3a 3emaeTpACEHMil

[Iporuos 3emueTpaCcennil, Kak U3BECTHO, AEIUTCA HA
JIOJI'O-, CPEAHE- U KPATKOCPOUYHBIN. JJOJITOCPOYHBIN
IIPOTHO3UPYET MECTO, MAKCUMAJIbHYIO MATHUTYAY
Y BpEMsI BO3HUKHOBEHUS COOBITHS B OJIMIKANIINE JI€-
CATKUA U COTHHU JIET. MECTO BO3MOXKHBIX O4aroB B 06-
MIUX YEPTAX ONPEJENAECTCA HA OCHOBE U3yUYEHUA I'€0-
JIOTO-TEKTOHUYECKUX OCOOEHHOCTEN M HOBEHINEN
TEKTOHUKU Teppuropuil. IIpegenpHas MarHUTyAA
PaCCUUTBHIBAETCA IIO LIEJIOMY KOMIIJIEKCY JJAHHBIX:
10 MATHUTYAE KOIZAA-TO YK€ IPOUCIIEAIIETO 3[4€Ch
MAaKCUMAJIBHOTO CEUCMHUUYECKOTO COOBITHA (B TOM
YUCJIE C UCHOJIb30BAHUEM MAJEOCENCMOTE0IOTNYE-
CKUX JIaHHBIX), IO 0OO’bEMAM CEUCMOICHEPUPYIOMIUX
0JIOKOB M IPOTAKEHHOCTU CEUCMOICHHBIX 30H,
10 pa3MepaM CEUCMUYECKUX IIATEH, IO BEJIUYUHE
I'PAJIMEHTOB CKOPOCTEN HOBENIIMX TEKTOHUYECKUX
JIBIDKEHUH (C y4€TOM IPOTAKEHHOCTH I'PAJAUEHTHBIX
30H) U AD.

BpeMms BOBHUKHOBEHMUS TAKUX COOBITUI YyCTAHAB-
JIUBAETCS KaK HA OCHOBE UX IIOBTOPSIEMOCTHU B IIPO-
IUIOM, TdK U IIyTEM MOCTPOEHUA I'PAPUKOB IIOBTO-
PAEMOCTU C YYETOM IKCTPAMOJIAIUU UX B 06JACTD
CUJIBHBIX 3e€MJETpACeHUNU. KpoMe TOro, OHO 3aBU-
CUT OT CKOPOCTH TEKTOHHYECKHUX JBUKEHHUU IO
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pa3IoMy M OT pa3Mepa 30HbBI BCIIAPLIBAHUA IIPU 3EM-
jJeTpsaceHuu [8].

CpejHECpPOYHBIN IPOTHO3, INPEANONATAIOMUN
BO3HUKHOBEHUE 3EMJIETPACEHUS 4YE€PE3 HECKOIbKO
MECALIEB WU JIET, OCHOBBIBAETCA HA PA3HOOOPA3HBIX
MUKPO- U MAKPOIPEABECTHUKAX. MECTO BO3MOKHO-
IO 3MULEHTPA B 3TOM CJIydyde YCTAHABIUBAETCA IO
JIOKAJIM3ALUU NIPEJBECTHUKOB, 4 MAKCUMAJIbHO BO3-
MOXHAs MATHUTYAAd — IO BPEMEHU U IUIOWALUA UX
MIPOSIBICHUS.

Hakonen, KpaTKOCPOYHBIN MPOTHO3 OA3UPYETCH
KaK HAa OCHOBE PA3JIMYHBIX HHCTPYMEHTAIBHBIX JaH-
HBIX, TAK U H4 BBIAEJIECHHUU MAKPONPESBECTHUKOB.
Bpems BO3HUKHOBEHUS IIOJ3EMHOIO TOJNYKA B 3TOM
CJly4ae OIPEAEIACTCI HECKONbKUMU 4ACAMU HIU
CYTKAMHU.

Haubonee OTBETCTBEHHBIN (U TPYAHO OCYIIECTB-
JIAEMBIN) — KPATKOCPOYHBIA NPOrHO3. Ha ero ocHo-
BE HY)KHO NPUHUMATD peHieHne 06 OCTAHOBKE MPO-
MBIIIJICHHBIX NPEANPUATHN U 3BAKYALUU JIOJACH.
CIIOKHOCTb MHOT'OYUCIEHHBIX IIPEABECTHUKOB 34-
KJIIOYAETCA B UX MUI'PUPYIOLLEM XAPAKTEPE U UHTEP-
nperanuu [9]. OOBABIATL TPEBOTY O MPUOIMKAIO-
MIEMCS 3EMIIETPSACEHUU B I'TaHNIAHE HE PENIUIIHUCD.
DBaKyal U HACENEHUA M3 60Jiee YEM MUJUIMOHHOIO
rOpoAa € OCTAHOBKOHU IPOMBIIIJIEHHOCTH — JAEJI0
YPE3BBIYANHO JOPOIOCTOAIIEE, U IONUTU HA HEIO
MOJKHO JIMIIb IIPU BBICOKOH CTEIIEHU YBEPEHHOCTU BO
BPEMEHU BO3HUKHOBEHUSA 3E€MJICTPACEHUSA, HUHAYE
yiep6 OT NPEACKa3aHUs COOBITUS IPEB3OHET yIIEPO
OT caMoro cobutus [8].

[TpuBEAEHHBINA BBIIIE KOMIUIEKC IIPEABECTHUKOB
XaUY3HCKOI'O 3EMJIECTPACEHUS ITOKA3BIBAET, YTO O[l-
HU M3 HUX HAKAHYHE TOJYKA U3MCHAIUCDH B CTOPOHY
MOBBIIEHUA, APYIUE K€ — B CTOPOHY NMOHUKEHUA
OTHOCUTEJIBHO (DOHOBBIX 3HAYCHUN. B OHUX Cllyda-
AX MOMEHT 3€MJIETPACEHUA COBIAJN C MHTEHCUBHBIM
U3MEHEHUEM KAKUX-JIMOO IOJIEH, B APYTUX — C JO-
CTUKEHUEM UMU CBOEI'O MAKCUMYMd U HAYAJIOM CIId-
Jaa (cM. puc.3—5). OOBACHAETCS 3TO, NO-BUJUMOMY,
TEM, YTO PA3JIUYHbIC AHOMAJIWH, 3ABUCALIUE OT Ha-
NPAKEHUI B TOPHBIX MACCAX, IPOABIAIOTCA B PA3HOE
BpeMs HE3ABUCUMO (MM JIUIIb B KOCBEHHOU 3d4BUCHU-
MOCTH) OT MOMEHTA HACTYIUICHUS CEUCMOI'C€HHON
MOJIBUKKH U MOTYT HPOUCXO/AUTDH HE TOABKO B IIEHT-
paJbHOU 30HE, HO U IO BCEMY HANPAKEHHOMY O0be-
My 3€MHOM KOPBI (IIOJ IJIOWAJbI0 OT COTEH KBaJpPaT-
HBIX KMJIOMETPOB IIPU YMEPEHHBIX 3EMIETPACEHUAX
JI0 COTEH TBICAY KBA/IPATHBIX KMJIOMETPOB IIPU CENC-
MHUYECKUX KaTacTpodax) [10].

Kpome TOro, OHU U T€ K€ NPEJBECTHUKU NIEPE]
Pa3IUYHBIMU 3EMIETPACEHUAMHA BEAYT CEOS MO-Pa3-
HoMmy. Tak, OJUH U3 OCHOBHBIX IIPEJIBECTHUKOB KATa-
cTpoduuecKoro XanuysaHCKOIO 3EMIETPICEHUS —
MOABJIEHUE PA3JUYHBIX MHOTOYMCIEHHBIX (DOPIIO-
KOB. HeCcMOTpPS HA TO YTO OHU NIPEABAPAIN U APYTUE
CUJIBHBIEC 3E€MJIETPACEHUA, €CTb U IMPOTUBOIOIOK-
Hble JaHHblEe. Hanmpumep, nepej pa3pymuTEIbHBIM
(M =7.8) TaHMaHbCKUM 3EMIETPACEHUEM, SIMULIEHTP
KOTOpOTO pacmnosaraics B 400 KM K 10ro-3amnajay oT

XaM4aHCKOTO COOBITUSA, (POPHIOKU HE (PUKCUPOBA-
JIUCh, 4 33JI0JITO 1O CHJIBHOI'O 3eMEeTpsiceHus B Ta-
Kaxuoku 1968 r. (SmoHMs) CEMCMHUYECKAs AKTUB-
HOCTb B €0 3MUIEHTPAIbHOU 06JACTH BOOOIILE
YMEHBIIUIACH [11].

B kagectBe OHOrO M3 NPEABECTHUKOB XaNM4Y3dH-
CKOTO COOBITUA KUTANCKUE CEHMCMOJIOIM PACCMATPHU-
BAJIU M3MEHEHUE CKOPOCTEU CEUCMHUUYECKUX BOJH
B 3MUIIEHTPAJIBHON 30HE nepes 3emnerpsacenuem. Ho
YK€ IOCJIE HEro, KOIZld MOABUIOCH MHOI'O JAaHHBIX
O CKOPOCTAX CEMCMHUYECKUX BOJH OT B3PBIBOB, BBIAC-
HWIOCH, YTO OONBIIUX MU3MEHEHHI IIPU 3EMJIETPACE-
HHUAX HE NPOUCXOJUT [8], U OHU BPAJ| JIU MOTYT CIIy-
JKUTDh HAJICKHBIM IPU3HAKOM.

[To MHEHHIO SANOHCKOTro reodusnka T.Puxkurake,
JAHHBIE O Je(POpPMaALUAX 3EMHOU KOPBI TAKKE HE
MOTYT OIPEJENEHHO YKA3bIBATh HA BPEMA BO3HUK-
HOBEHUSA CENCMUYECKUX COOBITUN.

[ToBegeHuEe MHOI'MX IIPEJBECTHUKOB OOYCIOBJIE-
HO MOJEJIAMU U MEXAHU3MAMU O4YAr'OB 3EMJIETPSCE-
HUH, TIEOJIOrO-TEKTOHUYECKUMU OCOOEHHOCTAMU
SMUILEHTPANBHBIX 30H U AP. TO, 4TO yAA€TCA IPOTHO-
3UPOBATH B JNA0OPATOPHBIX YCJIOBUAX Hd MOJENAX
pa3pymeHusa FTOPHBIX TOPOJ| UIN NPEACKA3BIBATD MO-
MCEHTBI BOSHUKHOBCHUA SCMHCTpHCCHI/Iﬁ Ha HpOFHOC-
TUYECKUX IIOJUIOHAX, JAJIEKO HE BCEIAA IIOBTOPAET-
Cd B PA3JIMYHBIX II0 I'€OJOrO-TEKTOHUYECKUM OCO-
6EHHOCTAM CEMCMOAKTUBHBIX PETMOHAX 3EMJIU.

XapakTep NOABJIECHUA IPEABECTHUKOB U KAXK/O-
I'o 3€MJIETPSCEHUS UHAUBUAYAIEH [8]. OH onpeaens-
€TCad KOH(UIrypanuein CEMCMOTEHHBIX Pa3JIOMOB,
CTEIEHbIO HEOLHOPOJHOCTU B PACIPEAECICHUU
IIPOYHOCTHU I10 IVIOCKOCTHU PA3PbIBA U TUILY CKOJIbXE-
HUA. [IpEIBECTHUKN CUJIBHO MEHAIOTCA OT parioHa
K pariony. OHU MOTYT IIOBTOPATHCHA, HO HAJIEKO HE
BCET/JA U JIUIIb HA OJJHOM M TOM Xe pasnome. [Ipejb-
ayiiee COOBITHE B ONIPEENIEHHOM MECTE CIEYET pac-
CMATPUBATD KAK BAXKHEHIIIEE YKA3AHUE HA TO, MOXHO
JI1 OKU/IATh TaM MOSBJIEHUE IPEJBECTHUKOB, U KAKUX
nMeHHO. Hukakasg nuH@OpManus O 3€MIECTPACEHUAX
B JIPYTUX PAMOHAX, OCOOEHHO B PAMOHAX C JPYTUM
TEKTOHUYECKUM CTPOECHHUEM, HE OKAXKET OONBIION
IIOMOIIY B BBISABJICHUU IIPE/JBECTHUKOB B KOHKPET-
HOM HU3Y4d€MOM MECTE.

[Ipo6aeM B BONPOCAX MPOrHO32 3EMIIETPSCECHUN
60J1€€ 4eEM JOCTATOUHO, U BCE K€ yTBEPKAcHUE Plen-
nepa ¢ xoyeramu Earthquakes cannot be predicted
(«3eMIeTpsACEHUA HE MOTYT OBITh IPEACKA3AHbI») [12],
Ha HAII B3IJIAJ, BRIIVIAOWUT U3TUITHE IECCUMUCTHUYHBIM.

Kak TyT He BCIOMHUTDH CJIOBA akajeMuka Cagos-
CKOTO, CKa3aHHbIC UM ele B gajseckom 1981 1.: «I[Toka
€I MBI HE MOKEM YTBEPKIATD, YTO YE€PE3 MECAL] UIU
yepes roJ NPeACKaKeM C TOYHOCTBIO HE TOJIBKO JO
JHA, HO U JO MUHYTBI, I'ZI€ U KAKOM CUJIBI IPOU3ONIET
semserpsacenue. KoHeuyHo, omubKu U pa3zodapoBa-
HUA HeusbekHbl. Ho TO, 4TO po6iema 6y/eT peneHa
B 0003PUMOM M GnMKaimeM OygymeM, COMHEBATHCS
HE NPpUXOAUTCH> [7].

VIMEHHO ITO3TOMY HBIHE CYIECTBYET OOJIBIIOE KO-
JIUYECTBO PEKOMEHAAUH IO IIOUCKY NPEJABECTHUKOB
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BO3HUKHOBEHUS 3EMJICTPACEHUI. B OfHUX cCllydasx
MPE/IATAETCS HMCIONb30BATh OJHOBPEMEHHO KaK
MOJKHO ©OOJIbIIIE Pa3IMYHBIX MAHHBIX, B JPYI'UX XKC,
HA000pOT, CYUTACTCA, YTO UCIONB30BAHUEC JAHHBIX
«Ky4em», 6€3 0TCEBa, CIOCOOCTBYET YKPEIJICHUIO
MHCHUS 00 OTCYTCTBUU IIPE/IBECTHUKOB 3EMIIETPSICE-
HUi Boobue [13]. Takke HET €AUHOIO CYXAEHUS 110
MMOBOJY KOJUYCCTBA MYHKTOB H36J'IIO,E[CHI/IH 34 OJTHUM
KOHKPCTHBIM OYdI'OM 3CMJICTPACCHUA. Tem HEe MeHee
CUMTACTCA, YTO M3YYEHHUE JKEIATEIBHO BECTH IO
KpaitHel Mepe 6ojee 4eM B OJHOM MecTe [14, 15].

MoucKn npepBECTHUKOB 3eMNIETPACEHMIA
B Mpubaiikanbe

Teppuropus IIpubaikanbs — OJlHA U3 CCHCMUYECKU
AKTUBHBIX B Poccum. Ee BbICOKAA CEMCMUYHOCTD IIpe-
UMYIIECTBEHHO OOYCJIOBIEHA Pa3BUTHEM DbalKailb-
CKOI pU(PTOBON 30HBI, B IPEJEIAX KOTOPOI €KETO/I-
HO IIPOUCXOJAT THICAYU MOA3EMHBIX TONMYKOB. Cpenu
HUX CIY4aIOTCA U CUWIbHBIC, U pa3pyluTenbHble. Ec-
TECTBCHHO, YTO IPOIHO3 3EMJICTPACCHUHI B 3TOM pe-
TMOHE JABHO CJHYXHUT IPEIMETOM UCCIEAOBAHUII CIIE-
LHUATUCTOB. 34 NMPOIIEAIINE I'OJbI IIOTYYEHBI ONpeJe-
JIEHHBIE PE3YALTATHl B MPEJCKA3AHUN MECTA U CHUJIBI
cobbIThA. O/JHAKO BOIPOC BPEMEHU BO3HUKHOBECHUSA
3EMJIETPACEHMIT BCE €lje OCTACTCA HepeneHHbIM. OT-
BET Ha HETO B OCHOBHOM 043MPYETCA HA PACYETE MO-
BTOPAEMOCTU COOBITUI. B 3TOM OTHOIIEHUU ONIPESIE-
JIEHHBIM HIATOM BIIEPE] CTaJd HEAABHO OINYOIHKO-
BAHHAAd MOHOIPAQUSA HU3BECTHOI'O HUPKYTCKOI'O y4de-
noro CHM.IIepmana, KOTOPBIM HA OCHOBE TEKTOHO-
(pU3NYECKOTO MOAXO0JA NMPEATONKUI METOJ CpPEeHE-
CPOYHOTO TIPOTHO32 3eMJIeTpsCceHu [16].

1.6 - 04.07.2008

Kpome TOro, OlHUMH U3 HAJJE€KHBIX NMPEJABECTHH-
KOB BPEMCHU BO3HUKHOBEHUS 3E€MJICTPICCHUIN CUM-
TAIOTCA I'UIPOTC€OXUMUYECKUE JAHHDBIE, [I0JyYCHHBIE
IPU UCCIEJOBAHNU PACTBOPEHHBIX B IIO/I3€MHBIX BO-
Jax pagoHa u reaud. OHU 4yTKO PEArupyioT Ha U3Me-
HEHU HANPAXKEHUI U IepOpMALIUH B TOPHBIX IOPO-
J1aX. BIIEJIEHNIO 3TUX I'a30B CIIOCOOCTBYIOT Y/bTPa-
3BYKOBBIC KOJIEOAHUS, KOTOPBIE COIIPOBOXKAAIOT IIOJ -
IOTOBKY O4aroB 3emyierpsacenui [17].

C 2004 1. Mucruryr 3emuoi kopbl CO PAH nauan
NPOBOAUTD MIAHOMEPHBIE THPOT€OXUMHUUECKUE HA-
6MI0/IeHNA 34 BAPUALMAMHM KOHIEHTPALMUI PACTBO-
pEHHOTrO renus B IyouHHOU Boje balikana. B 2008 1.
Ha fore 03epa mpousonuio cuiabHoe (M = 6.3) Kyn-
TYKCKOE 3emijerpsaceHue [18]. Anaausupys Bapua-
IUN KOHIIEHTPAIIUH PACTBOPEHHOIO TE€JIUA B TIIIy-
OMHHON 6AWKAIbCKOW BOJIE, MBIl CMOTJU BBIIBUTH
CpefiHe- U KPATKOCPOUYHBIM XAPAKTEDP 3TOTO NPEJBE-
CTHHKA [19].

CHa4aJla KOJIUYECTBO I'€IUs YBEAUYUIOCh OTHO-
CUTEJIBHO €I'0 CPEJHUX 3HAYCHUM, 3aTEM IIOCTEIIEH-
HO YMEHDbIIAJIOCH, IIOKA 34 ABA JHA 1O CEUCMUYECKO-
ro COOBITUA HE ONYCTUJIOCH HUXKE JBYX CPEJHEKBA/I-
PATUYHBIX OTKJIOHEHUN OT (POHOBBIX 3HAYECHUI (4TO
X4APAKTEPHO g KPATKOCPOUHBIX NPEJBECTHUKOB).
HenocpegCcTBEHHO MEPES TOAYKOM, BO BpeMs U I10-
CJI€ 3EMIIETPSICEHUS KOHLIEHTPALUA I'a3d BHOBb J10-
CTUIJIA BBICOKMX 3HAa4eHUMN. CIyCTA HECKOJBbKO 4Ya-
COB IIOCJIE OCHOBHOI'O TONM4YKa (28 asrycra 2008 r.)
OHA ONATh YCTAHOBMJIOCH HA YPOBHE (DOHOBBIX 3HA-
yeHuil. Ha puc.3 nmokazaHo, 4To 32 45 JHEH /10 3€M-
JIETPSCEHUS COAEPKAHUE I'EIUA B INIYOUHHOU BOJE
baiikana nmoaHsI0Ch 4O 3HAYEeHUA 1.2, a 3aTE€M CHU-
3UJ10Ch 710 0.88. TakuM 06pa3oM, 34 BpeMsl, IPEIIE-
CTBYIOIIEE 3EMIETPACEHUIO, HODMUPOBAHHBIE ITOKA-

27.08.2008
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Puc.3. Tpatuk n3meHeHUs HOPMUPOBAHHBIX MOKA3aHWI coaepkaHus renus B mybuHHon Boge baiikana ¢ 15 uioHa no 10 Hos6ps
2008 r. BepTuKanbHbIMU IMHUAMK OTMEYEHBI AaThl 4 Utons 2008 r. (Hayano nafeHus cofepxaHuii renus) u 27 asrycta 2008 r. (Hava-
no Kyntykckoro 3emnetpacerns ¢ M = 6.3). YepHas HakNOHHas NHUA — TPEH[ CHUKEHUSA COAEPKAHWIA renus 3a onpefeneHHoe Bpe-
Ms. o ropu3oHTaNbHOM LWKane OTNOXKEHO BPEMSA [0 3eMNEeTPACEHUA U nocne. LiBeTHble TpeyronbHUKM NOKa3biBaloT pacctosHue (L)

OT CTaHUMU HABNIOAEHMIA A0 IMULEHTPA 3EMIETPSCEHUS.
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34HUA COEPXKAHUA I'eaud B INIyOUHHOM BOJE U3MeE-
Huauch Ha 0.32 (1.€. Ha 32%). [Ipu 3TOM MUHUMaJIb-
Has KOHIIEHTPAIUs B IP06ax 3a(pUKCUPOBAHA HAKA-
HYHE COOBITHA. Ha OCHOBAHUM 3TUX AAHHBIX MBI
NPEATONOXKWIHN, YTO JIMTEIBHOE MOHUKEHUE KOH-
LEHTPALUNA TI'eJNNd, IPEBLICUBLIEE ABA CPEAHEKBAJ-
PAaTUYHBIX OTKJIOHEHMUA OT (POHOBBIX 3HAYEHMUI, H,
[JIABHOE, IOCIEAYIOUEE UX PE3ZKOE KPATKOBPEMEH-
HO€ IOBBIMIECHUE HAKAHYHE 3EMJICTPSACECHUA MOXHO
paccMaTpUBATL B KAYECTBE CPEJHE- U KPATKOCPOU-
HOI'O IIPEJBECTHUKOB.

OHAKO JanbHEUIINE HAOMIOAEHHUS ITOKA3AIH, YTO
U3MEHEHUE COJIEPKAHUA TeNusd B TTYOMHHOHU BOJE
o3epa Ha 20-30% He BCeraa CayxXaT IPEeABECTHUKOM
demserpsaceHus. I1oJ06HbBIE OTKJIOHEHUS OTMEYa-
JIMCh U ITO3KE, HO KAKOM-TNO0 CEMCMUYECKOI AKTUB-
HOCTH, COIYTCTBYIOIEN UM, HE PETrUCTPUPOBAIOCD.
B fononnenune K TAKOMY KPaTKOCPOYHOMY IIPOTHO3Y
OTPEOOBAICA HOBBIA T'MAPOI€OXUMHUUYECKUN METO]
JOCTOBEPHOI'O CPEAHECPOYHOI'O IIPOTHO3A.

Panee 6BIIO YCTAHOBJIIEHO, UTO HA COJAEPKAHUE
reauss MOMUMO HANPAKEHHO-AEPOPMUPOBAHHOTO
COCTOSAHUSA 3EMHOI KOPBI BIUAIOT U APYrue (PakTo-
pbl. Cpei HUX BBIJENAIOTCA «ACTPOHOMUYECKHU TOU-
Hbl€> NPUJIUBHBIE NMPOIECCH, «MEHEE TOYHBIE» Ce-
30HHBIE KOJIEOAHUA U «BECbMA CIAyYaHHBIC» KOI€Oa-
HUS, CBA3AHHBIEC C U3BMEHEHUEM NOTOJb! [20]. YTOOHI
OTJENUTD CJIydalHblE U3MEHEHU KOHIICHTPAI[UH Te-
JIUA OT BBI3BAHHBIX IOAIOTOBKOM O4ara 3emjierpsace-
HUs, OHU AHAIM3UPOBAIUCH HE HA OJHOM, 4 Ha TPpexX
NyHKTax HabmoaeHun: B JIucreauke (JI), Ha 3eseHOM
Meice (3) u B Upxkyrcke, Ha K-TUC (K) (puc.4). Jo-
CTOBEPHOCTD BBIJICJICHUA NIPEABECTHUKOB IIPU 3TOM
3HAYUTENBHO BO3pacTaeT [15]. Ocob6B nHTEpPEC
MIPEACTABIAET TO, YTO T'€NUi, u3mepaeMsblil B JIncT-
BAHKE, IIOJYYEH U3 TTTYOUHHONM BOABI balikana Hemo-

CPEACTBEHHO B paiioHe OOpPYy4YEBCKOIO TEKTOHHYE-
CKOI'0 pasznoma DBalkaabCKOU pUDTOBOU 30HHI,
a crannua K-T'MC naxoaurcs yxe B iaT@opMeHHON
YaCTH, B PAMOHE BIAUAHUA AHIAPCKOTO pasioMma. 3e-
JIEHBI MBIC K€ 3aHUMAET IIPOMEXYTOUYHOE IIOJIOKE-
HHE MEXKIY HUMU.

[To pesynbraTaMm, MOJYYEHHBIM 32 BECH IEPUO]
HAOIIOJECHUS, MBI BBIYMCAWIN KO3(PPULIUEHTBL KOP-
pensuuu (paccrogHue oT JIMCTBAHKUA A0 3€IEHOIO
Mbica — 49 kM, ot JucTBauku g0 K-TUC — 66 kM,
ot 3enenoro Meica jo K-TUC — 17 km): T3 = 0.12,
Tox = 0.03, T, « = 0.16. Jlamee Mbl 6yJeM Ha3BIBATH
3TU IOKA3ATENN CPEJHUMU 3HAYEHUAMU KOIPPU-
LIUEHTOB KOPPEIALUU MEXJY COOTBETCTBYIOIIUMU
MYHKTaMHU.

AHA/IN3 BBIYUCJIEHHBIX KOA(P(MUIINEHTOB TOKA3aJI:
U3MEHEHUA KOHIEHTPALUMUU TEIUA B YAATEHHBIX
IIYHKTaX C€1a60 CBSA3aHBl MEXJy cOoO60HU. Ho uerko
BU/IHA 3aBUCUMOCTD: YEM OOJIBIIE PACCTOAHUE MEKIY
CTAHUIMAMU HAOGIIOJICHUSA, TEM MEHBIIE B3AUMOCBA3b
MEXK/ly OKa3daHUAMU el B HUX. TakuM o6pasom,
H4 OCHOBAHUHM 3TUX BBIBOJOB MOXHO YTBEPXKAATH,
YTO CHAy4aiHble (PAKTOPHI, BHI3BIBAIOMINE U3MEHEHUE
COJEPKAHUA TENUA B IMOJA3EMHBIX BOJIAX, UMEIOT JIO-
KAJIBHBIA XaPAKTEP U PACIPOCTPAHAIOTCA Hd BECHMA
OIPAHUYEHHOH TEPPUTOPUU.

KpoMe cpegHUX 3HAa4e€HUN KO3(D(UIIMEHTOB
KOppEeNIALUUA Mbl ONPEAEIUIN CPESHUE 3HAYECHUA
CPENHEKBAJPATUUECKUX OTKIOHEHUN HOPMHUPOBAH-
HBIX ITIOKA3aHUY I'eJIAA 32 BECH IEPUOJ HAOIIONEHUI:
6,=0.12,65=0.21, 6k = 0.26.

B xauecTBE OTIPABHON TOYKHU B IIOMCKE CPEJHE-
CPOYHBIX MPEABECTHUKOB UCHOAB3YEM TOT (DAKT, UTO
repej 3eMIETPACEHUEM YPOBEHD ITOA3EMHBIX BOJ M€~
HAETCA. DTO TOBOPUT U OO U3MEHEHUU TEKTOHUYE-
CKUX HAIIPSUKEHUU B 3¢MHOU Kope. Ecimn pukcupo-

BATb UX Bapuanuu (HAIPUMED,

IO MOKAa3aHUAM KOHIIEHTPAIIUU
renus B MOJ3EMHBIX BO/IAX), MOX-
HO C GOJIBIIOIN CTEMNEHBIO JOCTO-
BEPHOCTHU IPOTHO3UPOBATH BPEMS
BO3HUKHOBEHUA 3EMJIETPACEHUS.
O6pa3oBaHuE renus B rOPHBIX
IOPOJAX, BBI3BAHHOC paJUOaK-
TUBHBIM PACHaJ0OM C HUCIYCKAHU-
eM aib(a-4aCcTUl], MOXHO CYUH-
TATh NOCTOAHHOHW BEIUYUHOU,
HE 3aBUCALIECH OT JAPYI'UX BHEII-
HUX (pakTOopoB. CKOPOCTH BhlJEIIE-
HUS TeNUs 3aBUCUT OT MUKPOTpe-
MUHOBATOCTU I'OPHBIX ITOPOJ, KO-
TOpass U ONpEJENAeT BAPUALUU
COJEPKAHMA 3TOI'O I'd3a B OJ3€EM-
HBIX BOJax. Ho cocroanne MUKpo-
TPEIIMH, B CBOIO OY€EPE/b, 3ABUCUT
OT JABJICHUA B I'OPHBIX IOPOJAX.

Puc.4. Kapta H0xHoro Mpubaikanbs. 1 — anuueHTpbl 3emneTpscernit ¢ M > 6.0 3a no-
cnepHue 50 net (C yKasaHueM Aathl U MarHUTYAbl COOLITUA), 2 — AKTUBHbIE Pa3iOMbl,
3 — NyHKTbI TMAPOreOXUMUYECKUX HabNtoaeHuit: JInCTBAHKA, 3eneHblit Meic, K-TUC.

Ha Koan4yecTBO renus B IOJA3EM-
HBIX BOJAX BJIUSIET AK€ U3MCHE-
HHE aTMOC(epHOTO Aasnenus [20].
Hcxoaa n3 3Toro, Tpyu TOYKU H3-
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MEDPEHHBIX KOHI[EHTPAIIUNA Tenus
B ITO/I3EMHBIX BOJJAX MOXKHO NPEJ-
CTAaBUTDb KaK CBOCOOPA3HBII MaHO-
METP JUTMHOM B 66 KM.

st MPOTHO3UPOBAHUS 3EMJIC-
TPSACEHUHN MBI NPEMNOKUIN HC-
MIOJIb30BATh MAPHBIE MHIAMUKATOP-
HbIE (DYHKIIUH, TEKYIINE 3HAYCHUSA
KOTOPBIX, C TOUKH 3pEHUS MaTe-
MATUYECKOU CTATUCTUKH, MOAO6-
HBI TEKYIIUM 3HAUYEHUAM KO3(PPu-
LUEHTA KOPPENALUU 32 ITOT K€
nepuoji HabmwojgeHud. Orinuue
3aKII0YAETCI B TOM, 4YTO BMECTO

S'.’\ 3”)' S-'n K(f), 5,1 ,<(f)

«NynbC 3emmnmm

TCKYIIUX 3HA4YEHUU HOPMHWPOBAH- :

0.03

0.06 0.09 012 015 018

HBIX NOKA3AHUU KOHIEHTPAIUM 0]

reJus B MOA3EMHBIX BOJAX U HX f /eyt
CPETHECKBATPATHYCCKUX OTKIOHE- FOAOBOM  MECAYHbIM HeaenbHbIA
HUH 3/1€Chb UCTIOIB3YIOTCS CPEIHUE umKkn LWKn umnKn

3HAYEHUA ITUX IOKA3ATEIEHU 32
BECh Nepuoj HabmogeHus. Nuau-
KaTOPHBIE (DPYHKIUU MO3TOMY 3a-
BUCAT HE TOJBKO OT B3aUMOCBS3U
COAEPXKAHNN TE€NUA B PA3ZHBIX
MYHKTAX, HO U OT U3MEHEHUSA TEKYIIUX HOPMUPOBAH-
HBIX KOHIIEHTPAIIUH I'elus B MOJ3EMHBIX BOJIAX U UX
CPEHEKBAIPATUYECKUX OTKJIOHEHUI. B oTinume ot
KO3(p(pULNEHTA KOPPEIALUN, UHJUKATOPHBIE (DYHK-
IUU MOTYT NPUHUMATh 3HAYEHUE OOJbIIE ETUHUIILI
1 MEHBIIE MUHYC €JUHUIIBL.

DuU3NYECKUN CMBIC UHAUKATOPHBIX (DYHKIIUH 3a-
KJIIOYAETCAd B TOM, YTO Ha UX TEKYIIEE€ 3HAUYCHUE HE
BJIUAIOT JIOKAJTBHBIE MOMEXH, KOTOPBIE U3MEHSIIOT
KOHILIEHTPALMIO TeJINUA B IOJ3EMHBIX BOJAX B PA3/IUU-
HBIX MECTAX HAOJMIOJeHHUA. B TO XK€ BpeMs BapHaluu
JABJIEHUA BHYTPU TOPHBIX IIOPOJ], NPEJIIECTBYIONUE
3EMJIETPACEHUIO, PACIPOCTPAHAIOTCA HA OOIbHINE
PACCTOAHUA U 3aTPATUBAIOT BCE CTAHIIUN U3MEPECHUA
0€3 UCKIIOYECHUA. AHAINS3 CTATUCTUYECKUX JAHHBIX
no reauio ¢ 2007 I. IO CETOAHAIHUN I€Hb MOKA3aJl,
YTO U3MEHEHUE 3HAYEHUN UHAUKATOPHBIX (DYHKIIUI
NIPEACTABISAET COOOM OTPAXKEHUE CEUCMUYECKUX
npoueccos B I0xuoM IIpubaiikanse. TeopeTuueckoe
0OOCHOBAHHNE 3TOTO BBIBO/IA M3JT0KEHO B HAIIEM Ia-
TEHTE Ha u3obperenue [21].

3/1€Ch MBI PACCMOTPUM TOJBKO NPAKTUUECKUE PE-
3ynbTaThl HAOMIOAeHUN. [Ipexae Bcero, 6N UCCIIE-
JNOBAHBI CIIEKTPBI MHAMKATOPHHIX QyHKIuMi S, (f),
S, (f)u S, (f) Bnd BeIABIEHNA CE30HHBIX U IIPH-
JUBHBIX ITUKJIOB. BBIACHUIOCH, 4TO B OTJIMYHE, HA-
IIpUMED, OT YPOBHSA I'PYHTOBBIX BOJ, UH/IUKATOPHBIE
(PYHKIIMM HE UMEIOT CE30HHBIX KONEOAHUH. ACTPO-
HOMUUYECKHE ABIEHUA ((Pa3bl JIyHBI) TAaKKE HA HUX
HE BIMAIOT. B TO Xe BpeMsA B CIEKTPE BCEX TPEX
(QyHKUUNA PUKCHUPOBAINUCH CTAOUJIbHBIE KOJIEOAHUS
C IEPUOAUYHOCTHIO OT 6.5 710 8.5 CyT. DTO OKA3AI0Ch
HECKOJIBKO HEOXHUJAHHBIM, IOCKOJbKY B CHEKTpE
KOHIIEHTPAIIUU TENU TAKUE KOJIEOAHUA OTMEYANIUCD
JIMIIb KPATKOBPEMEHHO (Hanpumep, nepej Kyiaryk-
CKMM 3EMIIETPACEHUEM) (CM. PUC.3).

Puc.5. CneKTpbl NapHbIX MHAMKATOPHbIX GYHKUNA Sy (f), Sy (f) n Sy (f). Tpeyrone-
HUKAMM Ha WKae 4actoT 0603HaYEeHbl TOA0BOM, MECAYHBIN U HEAENbHBbINA LUKbI.

MOXKHO NPEAIONOKNATD, YTO KONEOAHNUA NHANKA-
TOPHBIX (DYHKIIUHA C IEPUOLUYHOCTHIO OKOJIO OAHON
HEJE/IU BBI3BAHBI IIYJIbCUPYIOIUM XAPAKTEPOM IOJ-
KOpPOBOT'O BENECTBA NOJI pUPTOBON 30HOHU, KOTO-
poe, B CBOIO OY€EPEb, CIYKUT IEPBOIPUUYMHON BCEX
TEKTOHUYECKUX MOJBUAKEK. TaKue IMyIbCalUU IIO-
CTOAHHBI, U UX MOXKHO OOPA3HO U JaXKe HECKOJIBKO
BO3BBIIIEHHO HA43BATbh <«IIYJAbCOM 3€MJIH» (PHUC.5).
Bosee eTanbHble UCCIENOBAHNUA MYAbCALUMN TTOJKO-
pOBOTO BEWECTBA MOJ PUPTOBOH 30HON NMOKA HE
IIPOBOJUIINCD.

[Tpubarikanbe — BECbMA AKTUBHASA CEUCMUYECKAS
30H4. 32 I€BATDH JeT HAOIIOJEeHUHN TaM HAKOIIEH 00-
IMIMPHBINA UCCACJOBATECIbCKUM MaTepuan. Ha nmporsa-
JKEHUU 3TOI'O BDEMEHU UHJUKATOPHBIEC (QPYHKLIUU II€-
pUOANYECKN 0OPA30BBIBAIM HETIOBTOPSIOMINEC HUH-
(popManMOHHBIE CTPYKTYPHI, KOTOPBIE CBA3LIBATUCD
C CEMICMUYECKUMHU TOJYKAMU PAZITUUYHON MATHUTY/IBL.
Tem He MeHEE, HECMOTPSA HA CBOIO HEMOBTOPUMOCTD,
3T UHQOPMALUOHHBIE CTPYKTYPbI UMEIOT YCTONUU-
BBI€ JETEPMUHUPOBAHHBIE 3ABUCUMOCTH.

Kynrykckoe semnerpacenue 27 asrycra 2008 1. pas-
JIENWIO TOKA3aHNUA MHJUKATOPHBIX (DYHKIUA HA TPU
MEPUO/IA: PABHOBECHOE COCTOSHUE 3EMHOH KOPBI 1O
U IIOCJIE 3EMJIETPACEHUSA, KOHLEHTPALUA HAIIPAKEHUI
3EMHOI KOpPBI NEpeJ 3EMJIETPACEHUEM U IIEPEXO]
3€MHOI KOPBbI B PABHOBECHOE COCTOAHHUE.

C TOYKHM 3peHHA OOECHedYeHHUs JOCTOBEPHOTO
CPEAHECPOYHOI0 NMPOTHO34 3EMJICTPIACCHUN HaU-
GONBIIUI MHTEPEC NMPEJCTABIAET IEPUO]] HANIPIKE-
HUH 3¢MHOU KOPBI epe] KyaTyKCKUM 3eMIeTPACEHU-
em (puc.6). JaHuyio MHGPOPMALMOHHYIO CTPYKTYPY
HEBO3MOXKHO C 4EM-INOO0 IEPENYTATD JJAKE HECTIEIU-
A7UCTY. 32 BECh IEPUO/] HAOMIOJEHUA HU OJUH IPYTOM
CMa6BI CENCMUYECKUIT TOMTYOK B BallKaJIbCKOM pETHU-
OHE HE CO3aJI HUYETO 0J00HO0r0. TaKas HENOBTOPU-
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16.06.2008

st boglt), Kt)

27.08.2008

| ﬂ T | I T .| T ‘ T |. | ‘ ﬁ T . . T
-80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60
f oyt

A 0<L<100km
m K<10

a 100 <L <200 Kkm
OD10<K<12

a 200 < L <300 km
mK>14

Puc.6. NMapHble M MHTerpupoBaHHas MHAMKATOPHble QYHKLMUM B Nepuoj KOHLEHTPALUN HanpsXeHUi 3eMHoil Kopbl (72 fHA) ne-
pen KynTyKckum 3emneTtpsceHneM. BepTuKanbHbIMU IMHUAMM NOKa3aHbl Havyano (16 uioHa 2008 r.) u koHew, (27 aBrycta 2008 r.)
3TOT0 Nepuoaa. 3fech 1 anee «A0OMUKAMM» Ha TOPU3OHTAILHOM WKANE OTMEYeHbl AaTbl GAVKHUX U AaNbHUX CENCMUYECKNX TONY-
KOB 1 a(hTeplOKOB: LUBETHbIE TPEYrONbHUKM MOKa3biBAIOT paccTosiHue (L) oT cTaHuuu HabaoaeHni 40 3NULEHTPA 3emMaeTpace-
HU, LUBETHbIE KBAaApaThl — 3HepreTudeckuii knacc (K) cobbitus.

MOCTb UH(POPMAIMOHHBIX CTPYKTYP MOIIHBIX 3EMJIE-
TPSACEHUI HCKII0YAET BO3MOKHOCTh BO3HUKHOBEHUS
JIO)KHOU TPEBOTI'M IIPU UX IIPOTHO3E.

ITepexoJ 3¢MHOU KOPBL B PABHOBECHOE COCTOS-
HUE HAYAICA CPa3y [IOCJIE 3EMIETPACEHUA 27 ABIYC-
Ta 2008 1. 1 npojoKancs 10 05 Hoss6ps 2009 1., uTo
COCTAaBUIO 435 cyT. ;g 3TOTO BPEMEHU XAPAKTEP-
Hbl HENPEPBIBHBIC 3HAKONEPEMEHHBIE KOJEOaHUSA

yt)

st bo(t)

MHIUKATOPHBIX (PYHKIIUI C MEPUOAOM OT ABYX M0
BOCBMH HEJIEND.

B paBHOBECHOM COCTOSIHUM 3EMHOM KOPBI MH/U-
KaTOpHBIE (DYHKITUM KOJEOIIOTCS C MATBIMU aAMILIN-
TyZLaMH OKOJIO CBOETO HYJIEBOI'O 3HAYEHUsA. B paiione
CIA0BIX CEMCMUYECKUX TOTUYKOB IEPUOANIECKH BO3-
HHUKAIOT X4PaKTEPHbIE MH(MOPMALUOHHBIE CTPYKTY-
pBbI, TOJOOHBIE MOKA3AHHOW HA PUC.7.

15.02.2013

S— o -
w S b N —
- N
/S S S 7S S S Y W -
-90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50
t cyT

a 0<L<100km
B K<10

a 100 <L < 200km
O10<K<12

a 200 < L[ <300km A L>300km

Puc.7. MapHble UHAMKATOPHbIE QYHKLMM B NEPUOS KOHLEHTPALMM HANPSIKEHNI 3eMHOI KOPbI Nepep 3eMneTpsceHnem B TyHKUHCKOI

ponute 15 despans 2013 r. (K=10.0, L = 170.2 km).
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flanbHeiwWwan nepcnekTusa

JOCTOBEPHBLIA MPOTHO3 3EMIIETPACEHUA JOJIKEH OT-
BETUTH HA TPU BOIIPOCA: KOIZld OHO NPOU3OMJET, Ka-
KOWM OKAKETCA €r0 MATHUTYJA U TAe OyAeT pacloa-
I'aTbCA €TO AMULEHTP?

Ha npumepe KyaTyKCKOro COOBITUSI MOKHO CYU-
TATb YCTAHOBJIEHHBIM, YTO MATHUTY/A IPOTHO3UPYe-
MOTO 3eMJIETPACEHUS OIPEEAACTCA NPOJOJLKUTEb-
HOCTBIO TEPUOAA KOHICHTPALUU HANPAKCHUN
B 3¢MHOM KOpe Iepejy ero Havyauaom. IIpusHakom ta-
KOI'O Ieproja CIYyXKUT HE MEHAIOUEE CBOCIO 3HAKA
YCTOUYUBOE MPEBBINIEHNE HOPMAJbHBIX IMOKA3AHUM
HHAUKATOPHBIX PyHKIUI (cM. puc.6). Ha npumepe
KyJITYKCKOIoO 3eMJIETPACEHUSA MOXKHO YTBEDPXK/IATD,
YTO €CJIU TaKUE AHOMAJbHBIE IOKA3aHUA HAOIIONA-
I0TCA 60JIee IBYX MECALIEB MOAPAL, TO B OIMIKANIIEE
BpEMA CJEAYET OXHUAATb MOIJHOE 3EMJIETPICEHUE,
U 4yeM O6O0JblIe JIUTCA IEPUOJ OKUJJAHUSA, TEM BbIIIE
OyJeT MarHutyja npeacrosamero cobeirud. Ceiuac
HCCIEAOBAHBI UHAUKATOPHBIE PYHKIIUUA TONIBKO Kyi-
TYKCKOT'O COOBITHSA, U BOIIPOC BO3MOKHOCTH JJOCTO-
BCPHOI'O KPATKOCPOUYHOTI'O IMPOrHO3a 3eMJICTpACE-
HHUII O UHAUKATOPHBIM (PYHKLIHUAM IIOKA OCTAETCA
OTKPBITBIM.

M3yyenue MHAUMKATOPHBIX (QYHKIUN NIPU CEHC-
MUYECKUX TOTYKAX PAZIUYHON CUIIBI IOKA3AJIO, YTO
YYBCTBUTENBHOCTb (PYHKLMI OXBATBIBAET OOMMP-
HBIM PErvOH, BBITAHYBIIMHUCA IO bBaykany, a 3arem
yepe3 TYHKMHCKYIO JOJUHY — O TPAaHULBL C TyBOM.
PaccrogHue 10 3NULEHTPA 3EMJIETPACEHUS BBIYNC-
JeTCsa OT IYHKTA HaOmogeHusd 3eaeHbd Mbic. Ha-
npuMmep, Aad KyJaTyKCKOro 3eMJeTpAaCceHus OHO CO-
CTaBUNO 58.5 KM. IIpOTAKEHHOCTb OONACTU YYBCT-
BUTETbHOCTH MHAUKATOPHBIX (PYHKIMIT C BOCTOKA
Ha 3414/] COCTABsieT mpuMepHo mo 600 kM B 06e

21.11.20M 2812.201

halt), oyt

-40 -30 -20 -10 0 10 20

A 0<L<100Kkm
m K<10

a 100 < L <200 km
O10<K<12

CTOPOHBI OT CTAHUHUU THAPOr€OXMMHUYECKUX Ha-
6y110/lcHUM. A BOT C ceBEpa Ha 0T 3Ta 06J1aCTh 3HA-
auTeNbHO yxke. Tak, 17 uions 2011 1. Ha pacCcTOAHUM
286.2 kM OT 3eneHoro Meica mpou3onuio TypKuH-
CKO€ 3EMJIETPACEHUE C IHEPrETUYECKUM KIACCOM
K = 14.3, Ha KOTOPOE UHJUKATOPHBIE (PYHKIUN HU-
KdK HE OTPEArupOBAJIN.

K coxaneHnuio, UHJUKATOPHbIE (PYHKIIUU HE I103-
BOJIAIOT OIIPEAEIUTD A3UMYT, I10 KOTOPOMY IIPOU30H-
JET CEMCMUYECKHUI TOMYOK. [Ipy mporuose Oyaymux
3EMJIETPACEHUN MBI MOXKEM I'OBOPUTH TOJILKO 00 06-
JIACTU YYBCTBUTEJIBHOCTH WMHAMKATOPHBIX (DYHKIIMIT
U IIPUMEPHON YAAIEHHOCTH SMUILEHTPA OT TOYKH OT-
cuera. [ OLEHKU YAAIEHHOCTU IIPOTHO3UPYEMOIO
3EMJIETPACEHUS CYIECTBYET ABE BO3MOXKHOCTH.

1. AMIUINTY[A OTKJIOHEHHUSA MHAUKATOPHBIX (DYHK-
IIUIT B IEPUOJ, KOHIIEHTPAIIUNA HANPAKEHUI 3EMHONU
KOPBI IEPeJ 3EMIETPACEHUEM YOBIBAET C PACCTOA-
HHEM. DTO MOXHO HAITIALHO NMPOJAEMOHCTPUPOBATD
Ha npumepe TyBuHckux cobwprtuit. C 15 aBrycra
2011 1. mo 25 ¢eppana 2012 1. 1poU30UIO HOATH
3EMJIETPACCHUN HA pacCcTogHUU OT 418 10 590 km
OT TOYKU HAOMIO/ICHUN. VI3 HUX NIEPBBIE TPU C IHEP-
reTu4eCcKuMu Kjaaccamu ot 11.2 g1o 12.2 oka3zaniuch
34 NpEJENaMU YyBCTBUTEJIbHOCTU HHAMKATOPHBIX
(PYHKIIMHA, ¥ TONBKO /1BA MMOCAEAHUX (C dHEPreTuyYe-
CKMMHU Kiaccamu 15.9 u 16.3) 0Tpas3uanuch HA UX M10O-
KazaHugax (puc.8).

Ha I yuacTke mapHas MHAUKATOPHAA (PYHKIIUA
I5_x (1) IpUHUMAET XaPAKTEPHBINA BUJ, IPEAIIECCTBY-
IO CEMCMUYECKOU aKkTuBHOCTU. [l0 3aBepe-
HUIO 3TON UH(POPMALMOHHONU CTPYKTYPHL HA yjaJie-
HUHU 590.9 KM OT TOYKU HAOIIOAECHUS 3eJeHBIN MBIC
CAY4YUI0Ch 4-€ TYBUHCKOE 3EMIETPACEHUE.

Ha II yuacTtke Ha6mogaeTca MHMOPMAIMOHHAA
CTPYKTYpA 34ATYXAIOMEN CENCMUYECKON AKTUBHOCTU

06.02.2012  |25.02.2012

I
30 40 50 60 70 80 90 100

tcyT

A L> 300 km

B12<K< 14 km B K> 14km

Puc.8. Tpu MHGOPMALMOHHbIE CTPYKTYPbI, COOTBETCTBYIOLME YeTBEpTOMY (28.12.2011 1., K= 15.9, L = 590.9 kM) c 48 atTepiiokamu
(K ot 4 po 12.4) u natomy (25.02.2012 r., K= 16.3, L = 583.9 km) c adprepwokamu (K o1 5 go 12.8.) TyBUHCKUM 3eMNeTpACeHNAM.
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IIOCJIE ATOTO 3eMIIeTPACEHHU, 48 aTEPIMIOKOB KOTO-
pOTO NPOJIOKAINCE 10 25 (peBpand.

Ha III yuacTke mapHas UHAUMKATOPHAA QYHKIMUA
I; «(?) OmATb NPUHUMAET BUJ, NPEAIMIECCTBYIOIUNA
O4YepeJHON CENCMUYECKON aKTUBHOCTHU. ITO 3aBep-
HIEHUIO 3TOU NH(POPMAIMOHHON CTPYKTYPBI IPOU30-
nIo 5-e¢ TyBUHCKOE 3eMieTpaceHue. JlaHHasa CTPyK-
Typa — JAOCTATOYHO KOpOTKas (Bcero 19 nuen),
1 OH4 BBIIVIAAUT HE3ABEPIIECHHOM. MOXHO IIPEAIIONO-
KHUTD, YTO A(PTEPIIOKH 4-TO 3EMIETPACEHUA HHYLIU-
poBanu 6osee paHHee POPMUPOBAHUE MATUCTPAIb-
HOTO TEKTOHMYECKOI'O Pa3PBIBA CIEAYIOMETO COOBI-
TUA 110 CPABHEHUIO C €TI0 MOJIOTOBKOM B YCJIOBHUAX
CEMCMUYECKOTO 3ATUILDA.

Ha BCceM npoTs:KeHUU TYBUHCKOIN aKTUBHOCTHU
[apHas UHAUKATOPHAA (QYHKUUA [y 3(f) HE3HAYU-
TEJBHO KOJIEHAIACh OKOJIO HYJIA. DTO CBUJETENBCTBY-
€T O TOM, UTO B paiioHe MpKyTcKa ObLIO ceficMuye-
CKHU CIIOKOMHO.

2.V 6IMKHUX CEMCMUYECKAX TOTYKOB OTKIOHE-
Hue I, s(t) 6onpmre, yem I,_«(t) (cm. puc.6), a y otna-
JIEHHBIX 3EMJICTPSICEHUN — HA0O0POT (CM. pHC.7).
[TonyTHO CHAEAYET OTMETUTH, YTO YACTOTA CHAOBIX
CENCMUYECKUX TOJYKOB B BaMKaAbCKOM pEruoHe
CTOJIb BEJINKA, YTO UCCIEAYEMblE NH(POPMAIMOHHBIE
CTPYKTYPBI 4Y4ACTO MNPEACTABIAIOT COOON PEAKIIHUIO
Cpa3y Ha HECKOJBKO CEUCMUYECKUX sABJICHUM.
[Tpu ananuse caabblX TOTYKOB BECbMA BEIUKA BEPO-
ATHOCTb OMIMOKH IpPU ONPEJAENEHUN YAAIEHHOCTH
3MULEHTPA IPOTHO3UPYEMOI'O 3EMIETPACECHUA HU3-
KOTO 9HEPTETUYECKOTO KIACCA.

B 3akmo4yeHue MOXHO KOHCTATHPOBATDL, YTO Ha-
MU OIPOOOBAH HOBBIM IEPCIEKTUBHBIN HAYYHO-UC-
CJIE€JOBATEIbCKUA UHCTPYMEHT — MATEMATUYECKUN
ANNnapar MHJUKATOPHBIX (PYHKIIUIT, KOTOPBII, Ha HAII
B3IVIAJ, IIO3BOJUT HE TOIBKO IIOJYy4aTh JOCTOBEPHBIE
MIPOTHO3BI 3EMJIETPACEHUN, HO U CYHIECTBEHHO pac-
MIUPUTDH HAIIM 3HAHUA B 06JIACTH CENCMOJIOTUN. |

Pa6oTa BRINOJHEHA NPU (PHHAHCOBOI moAAep KKe Poccurickoro pouga GpyHmaMeHTATBHBIX HCCIEL0BA-

Huit (mpoekt 14-05-00245).
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buogerpagauus
b6eAoro ¢gpocghopa

A.3.Munnupay6aes, A. /. Bonomwuna, I1.3.Banupos, J.I.AxBapos

ene pocop — OJUH U3 Ca-

MBIX ONACHBIX 3aTPA3HUTE-

JIEN OKPYXKAIOLEN CPeJibl. DTO
YPE3BBIYANHO TOKCMYHOE U OT'He-
OIlaCHOE BelecTBo. TeM He MeHee
6eublit pocdop (KaK U €ro HEOUU-
meHHas (popma — KEITHI (doc-
Oop) CAYKUT KPAEYTOTbHBIM KaM-
HeM xuMuu (Qocdopa, CbpbeEM
JUI IPOU3BOJACTBA CAMBIX PA3HBIX
MPOJIYKTOB OT CIIHYEK JI0 yao0pe-
HUM U NEeCTUUI0B. bomee Toro,
6enbit  (pochop NTPUMEHAETCA
B BOCHHBIX IL€JIAX, HECMOTPS Ha
O(ULIMAIBHBIN 3AIIPET, HAJNOKCH-
HBIN MEXAYHAPOJAHON KOHBEHIIU-
en. HepaBHO 3TO OmacHenee Be-
MIECTBO BIIEPBLIE OBUIO 0GE3BpeE-
JKEHO U IIPEBPAIIEHO B MOJE3HBIIN
JUIS1 OKpYsKaIole cpenpl pocdar.
A OCYmECTBUTDH 3TO YAAIOCH Omna-
rojlaps MUKPOOPTAaHU3MAM.

Yrto TaKkoe 6uoperpagauua’?

Hay4HO-TEXHUYECKUMHU IIporpecc
XX B. IOAPHUI YETOBEYECTBY HE
TOJILKO 61ara IUBUAU3AIUN, KOTO-

* Co crarbeit «Buogierpaanus 6e1oro goc-
opa: Kak A7 CTan yIOOPEHUEM», YIACTBO-
BABIICH B HAYYHO-TIOMY/IIPHOM KOHKypCE
«Bro/mon /rexct»>-2016 B HoMuHaImu «CBOsT
paboTa», MOXKHO O3HAKOMHTBCS Ha CaifTe
«buomornexyna» (http://biomolecula.ru/con-
tent/1932), MOCBAIEHHOM MOJIEKY/IAPHBIM
OCHOBAM COBPEMCHHOH GMOJIOTUN W TIPAK-
TUYECKAM TTPUMEHEHHUAM HAYIHBIX JIOCTH-
JKEHUH B MEJMIIMHE M OHoTexHonornu. I1o
JIOTOBOPEHHOCTH C OPraHMU3aTOPAMU KOH-
Kypca Mbl IyOJIMKYeM 1epepabOTAHHBIN Ba-
PUAHT 3TOH CTATbU. — [Ipumen. peo.

© Munpay6aes A.3., Bomomuna A.Jl.,
Banupos 1I.3., Axsapos [.I',, 2017

Anmon 3ygaposeuu Munoybaes, xKarou-
0am XUMUMECKUX HAYK, CIMAPuLiil HayuioLli
compyonux Hucmumyma oOpzanu4deckoli
u Ppuauveckoil xumuu umenu A.EAp6y306a
Kasanckozo nayunozo yenmpa PAH (MODPX).
Obnacmo nayunolx umnmepecos — O0U0NL02U-
yecKan 0ezpadauus KCernoouomuKos u aan-
mavus K HuM MuKpoopeanu3mos. Homurnanm
Kouxypca «buo/mon/mexcm» 2016 2o00a*.

Anexcanopa AmumpPpueéna Borowuna,
Kanouoam OUONOZUUCCKUX HAYK, HAYUHbLL
COMPYOHUK MO20 He UHCMUMYma. 3arnuma-
emcsa yenenanpaéieHHblm noucCKom cpeou
XUMUMCCKUX COCOUHCHULI HOBbIX nNpenapa-
moe ¢ anmubaxmepuaisvroil, npomueozpub-
KOBOUL U NPOMUBOONYXONCE0U AKMUBHOCMBIO
U USYUCHUCM MEXAHUIMA UX 0eLiCMEUSL.

Ilamuns 3a60amoéun Baruooe, xarnouoam
6UO0N02UUeCKUX HAYK, CMAPUULL HAYUHbLLL CO-
mpyonur xageopo. 6uoxumuu Kasamncrkozo
gpeoepanvrozo ynusepcumema (K®Y) u Hn-
cmumyma  PYHOAMEHMALLHOL  MeOUYUNHbL
u 6uonozuu. O6RACME HAYUHBLX UCCLE006a-
HULl — 3auuma oxpyxcaroueti cpeost, 2eHemis-
Ka, MUKDPOOUON02USR, PUMONAMOSOZUA.

Amumpuii I'puzopvesuu fAxeapos, 00k-
mop XUMUUECKUX HAYK, 6€0YUjULl HAYUHbLI
compyonurx KDY, ooyenm HODPX. Hayunoie
urmepecol C8A3AHLL C XUMUCLL U INEKMPOXU-
MUCH INCMEHMOOP2AHULCCKUX COCOUHCHULL,
3eneHOol Xumuetl, Kamaiu3om, noaY*UeHuem
MAHUMOAKMUBHOLX MAMEPUANO0E.

KiroueBsie coBa: 61o/ierpajaanus, 6easiit pochop, MUKPOdIOpa, KCEHOOMOTHKH,
3aMUTA OKPYKAIOMEN CPEJIBI, IPOMBIIITIEHHbIE CTOKH.

Key words: biodegradation, white phosphorus, microflora, xenobiotics, environment
protection, industrial effluents.
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pbl€ MOBBIMIAIOT YPOBEHb KM3HU, HO U MHOXKECTBO
npobisieM, JO CUX IOp HE pPEIICHHBIX. M ceiuac, yxe
B nepsbie gecaTwieTusa XXI B., paspasuiaca KpU3HUC.
OjiHa U3 BAXKHENIMUX NPOOIEM — NAarybHOE BO3JENCT-
BUE OTXOJOB UUBUIN3ALUU HA OKPYKAIOLYIO CPENY.

Y10 fenats ¢ oTxX0AaMu? BOmpoc, Ha KOTOPBIXA He-
JIETKO OTBETUTD. P€Yb B IIEPBYIO OUEpPEND UAET 06 OT-
XOJAX XUMHUYECKOU IIPOMBIIIIEHHOCTU. [TOCKOIBKY
«KpPOBb» IUBWJIN3AIUU — HE(PTb U NPUPOAHBIHN Ia3,
3HAYUT, OTXO/Jbl — 3TO IPEUMYIECTBEHHO IPOAYKTHL
UX NepepaboTKH, 3a4aCTyI0 TOKCHUYHBIE, C TPYAOM
pasnaraomuecs B npupoge. He MeHee onacHbl OTXO-
Jbl METAJTYPIUU — TSAXKEIBIE METAJIBL U UX COEUHE-
HUA. JHAYUTEIBHYIO YI'PO3Y 3KOJOIHYECKOMY OaIaH-
Cy CO3JaI0T U yaoOpeHUs — a30THBLIE, KAJTUNHBIC
u pocdopuele. 3aaCEl XUMUUECKOTO OPYAKUSA — BO-
obmie OTAenpHasA TEMA, A4 UX YTUIN3aud — npobaeMa
YPE3BBIYANHON OCTPOTHL. [JJOCTATOYHO CKA34Th, YTO
I NPOU3BOAUTENEN XMMMYECKUX APCEHAIOB HUX
TBOPEHUS IPEACTABIAIOT HE MEHBUIVIO YIPO3Y, 4EM
JJI1 IPDOTUBHUKA.

BepHeMcsa K «KpOBH» IUBUJIM3AIUU — HEPTH.
Kak npoayKT nepepabOoTKU KUBBIX OPTAHU3MOB, OHA
COCTOUT NPEUMYIECTBEHHO U3 GMOTEHHBIX 3JIEMEH-
TOB (yri€poja, BOLOPOAA, CEPBI, 430Td U Jp.). 3HA-
YUT, TEOPETUUECKU JIOOOU HEPTEHNPOAYKT MOXKHO
BEPHYTb B IPUPOAHBIA KPyroBopor. OQHAKO HA
NPaKTUKE CAEIATb 3TO HEMPOCTO: HE JI0O60€E yIIepo-
JUCTOE COEJUHEHUE MOJNIE3HO I KU3HEAEATEIbHO-
cTu. Heo6xoauMo NmpeBpaTUTh OTXO/bl B OE€3BpE]-
HBIE BEMIECTBA.

Takas TpaHcopManus MNPOU3BOAUTCH PA3IUU-
HBIMU CIIOCO6aMHU. OPTraHUUYECKOE BEIIECTBO MOKHO
CKe€Yb, MOJBEPTHYTh NUPOAU3Y ((PAKTUUECKU CHOBA
NPEBPATUTH B HEPTb U YTOJb) UIU BO3AEHUCTBUIO aT-
PECCUBHBIX XMMUUYECKUX PEATEHTOB (KUCIOTHI, IIe-
JIOYH, IIEPEKUCH BOJOPOJIA, TUIIOXJIOPUTOB), MHOTAA
[IPU BBICOKUX TEMIIEPATYPAX U AABACHUAX. DTU O]~
XO/Jbl IIUPOKO IPUMEHAIOT U IIOCTOSHHO COBEPIIECH-
CTBYIOT. be3 HUX CymEeCTBOBAHUE I'OPOJOB U IIPOMBbI-
NIEHHBIX IPEAIPUATUI CTAJIO OBl HEBO3MOKHBIM.

Tem He MeHEE B TOCAEAHUE AECATUNETUA OJTHUM U3
HanboJIee 4aCTO IPUMEHAECMBIX METOAOB 00E3BPEKU-
BAHUS IPOMBIIUICHHBIX, OBITOBBIX U CEJIbCKOXO3AUCT-
BEHHBIX CTOKOB, XMMHUYECKOI'O OPYKUA U B3PBIBYATBIX
BEIIECTB CTAHOBUTCA Ouojerpaganusa [1-3]. B paze
CIy4a€B OHA IMPUXOAUT HA CMEHY OOJIEE PAHHUM Me-
TOMAAM XMMMUYECKON AECTPYKIMU. [1aBHAA NmpudumHa
TOTO, YTO MONYJAPHOCTb OGMOAETPAZALUUA PACTET, —
€€ CPABHUTEIbHAA 3JKOJOIMUYECKA OE3BPEAHOCTD.
Beap 6uojerpajanus, Kak sSiCHO U3 HA3BAHUS, — 3TO
06€3BPEKUBAHUE TOKCUYHBIX BEIIECTB OCOOBIMU Ji€-
CTPYKTOPAMH, Yalle BCETO MUKPOOPraHu3MaMu. bia-
rofgapa (PEPMEHTHBIM CHUCTEMAM aJANTUPOBAHHBIX
MUKPOOPIaHU3MOB TOKCHUYHBIE OTXOABI PA3JIAraioTCs
B MAI'KUX YCJIOBHUAX, B OTCYTCTBUE JKECTKUX XUMHUYE-
CKUX U PUBUYECKUX BO3JEUCTBUIL.

[IpuBHECEHHBIE MUKPOOPIAHU3MBI-AECTPYKTOPDL
HE BBIACPKUBAIOT KOHKYPEHIIUU C UCKOHHON MUKDPO-
(p1opoit BOZOEMOB U TIOYB U BBITECHAIOTCA €10 BCKO-

pe mocae TOro, Kak 3arpsi3HEHUE JTHUKBUAUPYETCH,
4 3KOJIOTUYECKUI 6alTaHC BOCCTAHABIMBAETCA. B He-
KOTOPOM CMBICIE OUOAETPAAAIUI0 MOKHO HA3BATDH
CAMBIM €CTECTBEHHBIM CIIOCOOOM PA3IOKEHUSA OTXO-
JOB. JIeNCTBUTENbHO, MUJIMAPABI JET CYIIECTBOBA-
HUA 6UOC(HEPB MUKPOOPTAHU3MBI TUTAIUCH OTXOA-
MU €€ KU3HEAEATENbHOCTH, OCYIIECTBISIIN MUHEPA-
JMN3A1UI0 OpraHuKU. TOYHO TaK K€ OHM IMOCTYIAIOT
1 C OTXO/JJAMU YEJIOBEYECKOIO IPOU3BOACTBA.

[Toyemy ke NONyIAPHOCTb OUOAETPALALUHN HAUaIA
pacTu TOJNBKO B nociaegHee spems? OT4aCcTH 3TO 00b-
SCHSETCA I'OCIIO/ICTBOBABIIUM IIPEAYOEKICHUEM, OV/I-
TO GOJBIIMHCTBO MPOJAYKTOB XUMHUUYECKOH MPOMBIII-
JIEHHOCTHU OTHOCSTCSA K BEIIECTBAM, UyXK/bIM IIPUPOJIE
U B HEM HE BCTPEYAIOMMMCA. A 3HAYUT, IPUPOJA HE
CIIOCOOHA M CAMOCTOSITENIBHO UX YHUYTOXHUTb. OT
3KOJIOTOB Y4CTO NPUXOJUTCA CIBIMIATh BHICKA3bIBAHUSA
BPOJIE€ «AMOKCHUHBI TYOUTENBHBI /I BCETO JKUBOTO»
WU «IIOJIN3TUJICH HE Pa3/1araeTcs CToaeTusaMu». Of-
HAKO YK€ M3BECTHO, YTO MOIUOPOMIUOKCUHBI BbIJlE-
JIAIOTCA MOPCKHUMHU TIyOKaMM [4], a TaKX€E BbIBEJICHBI
KYJBTYPbl MUKPOOPTAaHU3MOB, PAa3Iaralomue MOJu-
aTuneH: Pseudomonas aeruginosa, Penicillium fre-
quentans, Sphingomonas macrogoltabidus (X CIIOBY,
BEKAMU HAOIIONATD 32 PA3JIOKEHUEM IIOJIU3TUICHA HU
y KOT'O BO3MOXKHOCTU U HE 6b110) [5].

JIpyroii mpuMmep — MNOCTY/IAT 3€JICHOU XUMHUU
O MNPEKPANEHUN UCIOIb30BAHUA B IPOMBIIIIEHHOC-
TH TajgoreHos (¢propa, xmopa, 6pomMa U 1OAA) KaAK
YYXKIBIX OKPYKAIOMEN Cpeje neMenToB. [Ipu 3TOoM
UTHOPHUPYETCA IPUCYTCTBUE B IPUPOJE 2.5 THIC. FAJIO-
IEHOPTAHUYECKUX BEIMIECTB PA3JIMYHOIO MPOUCXOXK-
JeHus (ITO ele yCTapeBlire JaHHbie, 32 1996 1) [6].
DBe3yCcnoBHO, UTPAET POIb U TOOOUPOBAHUE: TTOTUTH-
YECKUE KPYI'H, 3AMHTEPECOBAHHBIE B COKPAIIEHUU
MIPOMBIIIJIEHHBIX MOITHOCTEHN, CKIIOHHBI IPEYBETNYHN-
BATb 3KOJIOIMYECKYIO YI'PO3Y. A CaMO€ IVIaBHOE — CO-
BEPIIEHCTBOBAHUE METO/IOB XUMHUYECKOI'O aHAJIN32
1 OYPHO Pa3BUBAION[AACH HAYKa METAO0IOMHUKA 1103-
BOJUIN CYIECTBEHHO PACIIUPUTEL CIEKTP BEMIECTB,
OOHAPYKUBAEMBIX B IPUPOJE.

Hanpumep, OKUCh 3THUIEHA HUKOTAA HE PACCMAT-
pUBAJIACh B KAYECTBE NPUPOJHOIO COEAUHEHUS. DTO
MUPOKO U3BECTHBIH JJE3UH(MUITUPYIOMUIT ATEHT, KaH-
LIEPOT€H, MyTAr€H U HEPBHO-NAPATUTHUYECKUI ],
TOKCUYHBIN JJIs1 BCeX (popM Ku3HU. K TOMy ke aTune-
HOKCH/JI TTOKAPO- U B3PBIBOONACEH. OJJHAKO U3BECT-
HO, UTO 3TWJIEHOKCH/J, 00pa3yeTCa 3HJOTE€HHO B pe-
3YJIBTATE OKUCJIEHUA ITHIEHA OKcuaaszamu [7]. Cam
3TUJIEH, B CBOIO OYEPENb, BBIACIACTCA PACTCHUAMU
1 MUKPOOPTraHU3MAMHU U BHIIONHAET (PYHKIUU (PU-
TOTOPMOHA [8]. 3 aTMOC(hEPH! 3TUIEH MOTJIOMAETCH
KUBOTHBIMU U 23POOHBIMU MUKPOOPTAHU3MAMH, KO-
TOPBIE OKUCIIAIOT €T'0 10 3TWIEHOKCHA. TakuM o6pa-
30M, HEKOTOPOE KOJTHUYECTBO 3TOTO TOKCUKAHTA IIO-
CTOSSHHO HaxojuTcsa B 6uocdepe. He HCKIIOYEHO,
YTO €ro GUONPOAYKLIUA 34 TOJ] CPABHUMA C T'OJLOBBIM
NPOMBIIIJIEHHBIM NPOU3BOACTBOM 3TOTO COEJUHE-
HHA. TaK WId MHAYE, ECTh OCHOBAHMUA HA3BIBATH 3THU-
JIEHOKCHJI IPUPOJHBIM BEIMECTBOM. M 3TO JaJIEKO HE

ODIPHUPOITA » Ne5 « 2017



MMUKPOEBMOJIOrMA. dKoJiorusa

Ta6nuua 1

Xumunueckue BelulecTBdO, A0 HEAUGBHEro BPEMEHM CUMTABLUIMECH HE UMPKYNIUMPYIOWMMMU B 6uoc¢epe

BemecTBO HCcTOYHHK CchLIka

A30THAA U CEPHAS KUCTOTHL AMMUAKOKUCIAIOMKE U CEPOOKUCIAIOMKUE GAKTEPUN [10, 11]
AneToH 1 (pOpMaIbAETU] Baxrepuu Clostridium acetobutylicum [12]

Benson u HaTAIMH I'pubsl-niapasursl Gliocladium roseum w Muscodor albus [13, 14]
Bpomiuan u dofnuan Jluaromoseie Bogopocau Nitzschia pellucida [15]
[uapasun Mopckue 6akrepuu Brocadia anammoxidans [16]
JM3TUNOBBIH 3(DUD U HUKIOTEKCAH Tponnueckoe pacrenue Sauromatum guitatum [17]
Kapbup-anuon C* AKTHUBHBIA LEHTD HUTPOI'€HA3DL (18]
MeTanInyecKuil CBUHEL B BUE MUKPOYACTHI] [Inecuesbie rpubdsl Aspergillus sp. [19]
Meramderamun Axanuda Acacia berlandieri [20]
MeTnnnsoTHonuaHaT Mopckue ryoxu Ircinia felix [21]
o6 poMANGEH30HOKCHHBL Mopcxkue ryoxu Dysidea dendyi [4]
Terpameruncsuner Baxrepun Aeromonas sp. [22]
Oenanerun MeKcHKaHCKOe JIeKapCTBEHHOE pacTenue Bursera grandifolia (23]
Genon Kumeunasd MEKPO(IOPa MIEKOMHUTAIOMNX [24]
docren Baxrepun Pseudomonas sp. mramma KC [25]
Xnop [IpoAyKT MUEIONEPOKCHA3bl HEUTPOPUIOB MIEKOIUTAIOMUX [20]
YeTBIPEXXNOPUCTHIN YITIEPO] Kpacusie Bogopocmu Asparagopsis armata [27]
d1uien Pacrennsa 1 MEKpPOOPIaHU3MEI [8]
OTUIEHOKCU]] Muorue a3po6HBEIE OPraHU3MBL, BKIIOUAs UeNOBEKa [7]

€JUHCTBEHHBIN npumep. OKa3anoch, 6OIbUIMHCTBO
XUMHUYECKUX TPOAYKTOB, MYCTh U B OYEHDb MAJIBIX KO-
JINYECTBAX, MOCTOSHHO BBIIEIAIOTCSA KUBBIMU Opra-
HU3MAMU U IUPKYIUPYIOT B 6uocdepe [9] (Tabdmn.l).
Tak, HeJJaBHO BBIACHUJIOCH, YTO JAUATOMOBBLIE BOJO-
pocnu Nitzschia pellucida BBIIENAIOT KpalHE TOK-
CUYHBIN MeTa00auT — 6pomuuad [15]! A B mpucyr-
CTBUU U3OBITKA HOAUJA OHU CUHTE3UPYIOT elje 60-
Jiee TOKCUYHBIN HOAIMAH. B HAyYHBIX UCCIEJOBAHU-
AX 3TU COEUHEHUA NMPUMEHAIOTCH Il UMMOOUIIN-
3anun 6ENKOB, MOCKOABKY OOPA3yI0OT ¢ HUMU IPOU-
HBIE MOJIEKYJISPHBIE KOMILJIEKCHL. TakumM 06paszom,
MUKPOOPTaHU3MBI-IECTPYKTOPEI C MOAOOHBIMU Be-
MECTBAMU IMOCTOAHHO CTAJKUBAIOTCA U CIHOCOOHBI
HX pa3iarars.

KoneuHo, 6uojerpaganusi, Kak u Jio00H METo/,
HMEET CBOU OTPAHUYEHUSA. B IpUpOseE HU OJHO TOK-
CUYHOE BEMECTBO HE HAKAIUIMBAETCA B YUCTOM BUJIE.
Hanpumep, GeHONM B OYEHb MAJIBIX KOHIEHTPALUAX
BCEIZld IIPUCYTCTBYET B OuUOChepe — KAK IPOJYKT
pacnaza apoMaTUYECKUX AMUHOKUACIOT [24]. OHAKO
TOJILKO C Pa3BUTUEM XUMHUUYECKOU MPOMBIIIIEHHOC-
TU HAYAJIW HATIOJHATD 3TUM BEMIECTBOM IIEJBIE IJHC-
TEPHBL. A U INKBUAAIUY [JUCTEPHBI KOHIIEHTPUPO-
BAHHOro (eHosa oOuoaerpajganus, O€3yCIOBHO,
HE NOJXOJUT. 3aTO OHA O4Y€Hb 3(P(HEKTUBHA IIPU CIIY-
YAUHBIX PA3JMBAX TOKCHYHBIX BEHIECTB B BOJE WU
nouse. HeciydyalHO B MaTeHTHOU 6a3e PeiepanbHO-
IO MHCTUTYTA NPOMBIIUIEHHON COOCTBEHHOCTU NPU
Ha060pe KII0YEBOI'O CA0BA «OUOJETPafallUsi» OTKPbI-
BA€TCA COJNUJHOE KOJUUECTBO MMATEHTOB 110 YCTPAHE-
HUIO HEPTAHBIX MJIEHOK.

Jpyroe orpaHudeHue OUOAErPaJAlIUU — HENO-
CTATOYHAA CKOPOCTb 3BOJIIOIUU MUKPOOPTAHU3MOB.
OHU IPOCTO HE MOCHEBAIOT 34 MPOMBIIIIEHHOCTBIO.
YCKOPUTH 3BONIOIIAIO MOMOTAIOT PA3HOOOPA3HBIE

MPUEMBL: CO3/JAHUE HAKONMUTEIbHBIX KYJIBTYD, I'€H-
Hasd UHXKEHEPUS, HAIpaBIeHHad ceaeKuud u T.4. OJ-
HAKO UX IPUMEHEHUE TPEOYET INYOOKUX 3HAHHUI
MU BBICOKOTO TEXHOJOTHYECKOTO YPOBHA, a4 TAKKE
3HAYUTENbHBIX (PUMHAHCOBBLIX BIOXEHUIT. HemHorue
roCyJapCcTBa U KOPIOPALIUU MOTYT ce6€ 3TO MO3BO-
auTh. B nHTEpecHenmen crarbe [28] coobmaercs
O TOM, UTO MyTaHTHBIE 6aKTEpUU Pseudomonas fluo-
rescens Hay4UJIUCh NPOU3BOAUTL HYXHBIH UM Oe€-
JIOK, PEIYIUPYIOWUI POCT KIYTUKOB (TOYHEE, IIOJ-
JMAJUINA TIOJ HOBBIE MOTPEOHOCTU yKE MMEBIIUICH
y HUX O€IOK, KOTOPBI aKTUBUPOBAJI I'€HBI (PUKCA-
LIMM 430T4a) BCero 3a uernipe gHa! ITo Bcel BUAUMO-
cry, obmee pazHoob6paszue (PEPMEHTOB, YUACTBYIO-
MUX B OUOJErpajallud KCEHOOHMOTHUKOB (BEIIECTB,
YYKEPOJHBIX U KUBBIX OPTAHU3MOB), 0ECKOHEYHO
BEJIMKO M OCHOBAHO H4 CIIOHTAHHOM MO0 HAIPaB-
JIEHHOM MYT4reHe3e.

M3BEeCTHO, YTO TEHBbI, KOAUpPYIOMUE (HEPMEHTHI
61O0Jerpaalum, 4aCTo HAXOAATCA HA BHEXPOMOCOM-
HBIX T€HETHYECKUX CTPYKTYpax OaKTEpUH — IUIA3-
muzaax. Hanpumep, Ha miasmujge pADP1 nokanusosa-
HBI T€HBI @1z, NO3BONAOINE OAKTEPUU-XO3AUHY YTHU-
JU3UPOBATH NMECTUIUJ ATPA3UH, a maazmuzaa pNL1
COJEPKUT T€HBI bph, OTBETCTBEHHBIE 34 KATA60JM3M
6udeHmnIa, 1 MHOXECTBO JPYIUX I€HETUYECKUX KJIa-
CTEPOB JIIA JErpajjdliud ApOMATUYECKUX COeJNHE-
HUH [29]. TIna3MHU/BL C «<3K30TUYECKUMHU>» TEHAMHU ObI-
CTPO PACIPOCTPAHAIOTCA B MOMYIALMM MHUKPOOPTa-
HHU3MOB B IIPUCYTCTBUU TOKCUYHOI'O BEMIECTBA U OBI-
CTPO 3JIUMHUHHUPYIOTCA TOCIE €T0 YHUYTOXKEHUA —
JKHUBON KJIETKE CTAHOBUTCS HEBBLITOJHO UMETD H6ECIO-
Jie3Hple TeHbl. [Ipupoia, Kak U3BECTHO, CKylla Ha HO-
BOBBEJIEHUS: TOYHO TAK K€, 61arojaps MIa3MUIHBIM
I'eHaM, CPEIM MUKPOOPTAHMU3MOB PACIIPOCTPAHACTCA
U YCTOUYUBOCTb K aHTUOMOTUKAM. BoT mouemy co-
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3laHHBIE B J1AO0OPATOPHUAX Y3KOCIENUATU3UPOBAH-
HbIE MUKPOOPIaHU3MBI-/JECTPYKTOPBI B OCHOBHOM HE
CIIOCOOHBI XUTb B OOBIYHBIX IPUPOAHBIX YCIOBHU-
AX — UX BBITECHAIOT 60JI€€ NPUCIOCOOIEHHBIE IUKUE
mTaMMbl. TakuMm 06pa3oM, HATUYUE B CPEJlE KCEHO-
6UOTHKA — HEOOXOAMMOE YCIOBHUE MX CYMECTBOBA-
HUs. COOTBETCTBEHHO, OHU OOpEYEHBl HA KU3Hb
B KOJUIEKIIUAX KJIETOUYHBIX KYJBLTYD (B HAIIEW CTpAHE
KpynHenmaa — Bcepoccuiickas KOJUIEKIIUSA ITPOMBI-
NUICHHBIX MUKPOOPIaHU3MOB, CO3faHHas B 1969 .
1 HACYUTHIBAOMAA OKOJO 20 TBHIC. 0OPA3L0OB) WUIU
B 3AIPA3HEHHBIX [TOYBAX BOKPYI XUMHYECKUX INPEN-
NIPUATHMN.

Eme osHa npobiema, CBI3aHHas C GUoieTpajalu-
€l — 3TO YIA3BUMOCTB JECTPYKTOPOB. Kak u nio6bIe
OPTaHU3MBI, OHU YYBCTBUTEIbHBI K (DAKTOPAM CPEJIBL.
Hanpumep, MUKPOOPTAaHU3M MOXKET 3(PPEKTUBHO
pa3aaraTb MIPUT, HO NIPU 3TOM I'HOHYTh OT HOHU3HU-
PYIOIIErO U3IYy4E€HUA. A MUKPOOPTIAHU3MBI, YCTONYHU-
BBIC K PAZAUAIINN, UMCIOT HU3KUM TEMI PA3MHOKECHHU
1 MEJJIECHHBIN METab60JIU3M, TO €CThb MAJIO MOAXOAAT
Ha POJb AECTPYKTOPOB. IToaTomy 6uojerpaganusd
HHUKOT/A HE BEITECHUT JJPYTUE CIIOCOOBI TUKBUJALIUN
01x0/10B. HO 3(ppeKTUBHO 06E€3BPEAUTD ONIACHBIE OT-
XOZBI IPOU3BOACTBA MOXKHO TOJIBKO KOMIUIEKCOM Me€-
TOJ0B, 00513aTENIbHO BKIIOUAIONUM OUOAETPAJALIUIO.

EcrecTBeHHAsl Cpefla OOUTAHUS JECTPYKTOPOB —
AKTUBHBIA U U OCAJKU CTOYHBIX BO/J|, CKAIIJIMBAIONIE-
C B OTCTOMHMKAX OYUCTHBIX COOpPYXeHUi (puc.l).
3/1eCb OHU MOCTOSIHHO YY4aCTBYIOT B IIPOLECCE BOMO-
O4YnCTKU. [IouBa BOKPYI MPOU3BOACTBEHHBIX IPE-
NPUATUI TOXKE CIYKUT UCTOYHUKOM IIEHHBIX KYJb-
TYp, NOCKOJIbKY HE3HAUUTEIbHBIEC YTECUKU PEATEHTOB
HEU36EKHO MPOUCXOJIAT.

1 yCTpaHeHusa CIy4aiHbIX PA3JIUBOB TOKCUYHBIX
BEIIECTB HCIOJB3YIOT MHUKDPOOPTAaHU3MBI B COCTABE,
KaK IPABUJIO, IOPUCTBIX COPOHEHTOB (TOP(hA, KOMIIOC-
T4, COJIOMBI, 30JIBl OT CTOPEBIIETO yIVIA U T.L). TakoH
COPOEHT BIUTBIBAET KCEHOOUOTHUK, TEM CAMBIM YIS
€T'0 U3 BOJBI UJIX IOYBLI, 4 COACPIKANMMECA B HEM MHK-
POOPraHU3MBI IPUCTYNAIOT K JECTPYKIUU. ONUCaHusA
HO,E[O6HbIX MATEPUAJIOB U MCTOMOB X NPUMCHCHUA
IIPUBEJICHBL B COOTBETCTBYIONUX MATEHTAX.

C HCAABHCTO BPECMCHU M Mbl CTAJIW 3aHWMATHCA
ouozerpaganueit, npudeM 0ObEKT UCCACJOBAHUSA BbI-
6pann OYeHb HEOOBIYHBIN — O6ebli pochop. B Hayu-
HOU JUTEPATYPE HE YAAIOChH HANUTU CBENECHUN O Ji€-
Ipajialiuy 3JEMEHTHOTIO, B TOM 4YMCiIE H6enoro, goc-
(popa aKTUBHBIM HIOM 0€3 MCKYCCTBEHHOI'O BHECE-
HUS XUMHUUYECKUX peareHToB. Huuero He 6bU10 U3Be-
CTHO M O nyTax merabonusma 6enoro ¢gocdopa
B NPUCYTCTBUU MUKPOOUOTH WU B TKAHAX BBICHIUX
OpraHu3MoB. Peub Be3je IUIa UCKIOYUTEIBHO 00
A0MOTI'€HHBIX MyTAX ACrpaganiuv U JCTOKCUKAINU oe-
noro gocpopa. O ero TOKCUYHOCTU ISl IPOKAPUOT
TOKE HUYETO He ObUIO U3BECTHO.

Han6onpmyIo TpySJHOCTD JIIs META00IMU3MA OETOTO
ocdopa npeacTaBIgeT OTCYTCTBUE Y €TI0 MOJIEKYJI YI-
JIEPOJJHOIO CKejeTa. BOMBIIMHCTBO KCEHOOUOTHKOB,
KaK YK€ FOBOPHUJIOCH, MOJAYYAETCA U3 HEDTU U OTHO-
CUTCSI K OPTAHUYECKUM COEJJUHEHUAM, CPABHUTEIBHO
JIETKO NPEOOHPAZYEMBIM B OHUOTOTUUECKUE MOJIEKYIIBL
PepMEHTHBIE CUCTEMBI KJIETKU 4AaIITHPOBAHBI K META-
00IM3My OpPraHMYECKUX BemecTB. Torjga Kak Oesblit
pocdhop — BemECTBO NPOCTOE, HE TOABKO YPE3BbIUAL-
HO TOKCUYHOE, HO U HE BCTPEYAIOIEECs B IPUPO/IE.

Kak u3BeCTHO, Pa3paboTKa MOJAXOJ0B K OUOAETPa-
JALJI1 HOBOT'O BEMIECTBA HAYMHAETCH € TOUCKA MUKPO-

OPraHU3MOB, PA3JIAraIOMUX POACT-

Puc.1. OTCTONHUKM OYNUCTHBIX COOPYIKEHUN XUMUYECKUX NPEANPUATUIL — eCTeCTBEH-
Has cpefa 06UTaHMA MUKPOOPraHU3MOB-AEeCTPYKTOPOB.

BEHHBIE coeauHeHuda. Hampumep,
MITAMMBI, Pa3aarariue XJI0poeH-
30aThl, BBIBE/ICHBI IyTEM HAIpPAB-
JIEHHOM CENEKIIUU U3 KYJIbTyp (Ha-
npumep, mramma Burkbolderia sp.
NKS8), pasmaraiommux He3aMelleH-
HbII 6eH30ar [30]. B cayuae ¢ 6e-
JbIM (pOCHPOPOM TAKOI NPUEM HE-
NPUMEHUM: §y MUKPOOPIaHU3MOB
META00NIU3M, CKAXKEM, CEPHI U CeJle-
H4 UMEET OYEHDb OTAAJIEHHOE CXOJI-
CTBO, CJINIIKOM YK BETMKA PA3HUIA
B CBOMCTBAX 3JIECMCHTOB.

TakuM 00pa3oMm, MOMBITKA OCY-
MECTBUTh OUOJETPaAIUI0 6eslo-
ro pocopa — JOBOJIBHO CMEJBII
HAY4YHBIA BBbI3OB. OJJHAKO BBHICOKAA
PEAKIITMOHHAA CIOCOOHOCTD 3TOTO
BEIECTBA M TEOPETHUUECKAA BO3-
MOXKHOCTb IPeoOpa3oBaTh €ro
B OHUOJIOTUYECKU COBMECTUMBINA
pocdar MO3BOAAIU PACCUUTHI-
BATb HA yCIIEX.

KakoBbl K€ OCOOEHHOCTH BBI-
OPaHHOIO OOBEKTA UCCIECJOBAHUS?
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benbiit hochop

[To XUMUYECKON NPUPOAE OENbII
¢pochop (P,) mpeacrasasger co-
601 NPOCTOE BEMECTBO, AJJIO-
TPOIHYIO MOJU(PUKAIUIO DJIEMECHT-
Horo ¢ocdopa. benpn dpocdop
BBICOKOM YHUCTOTBl BBITJISIIUT Kak
OECLBETHBIE KPUCTAIBL C CUJIb-
HBIM KO3(P(PULIHUEHTOM MPEIOM-
JIEHUS CBETA, BHENIHE IMOXOXHE
Ha anMaspl. [lnaBurTca OH IpU
44.1°C, kunur npu 280.5°C. U3
BCEX aJJOTPOMHBIX MOAU(PUKA-
uut pochopa UMEET HAUMEHD-
myio II0THOCTL (1.8 r/cm® npu
20°C). Kpome Toro, 6enslit (poc-
dop — camas XMMHYECKU AKTHUB-
Has ¥ TEPMOJUHAMHUYCCKH HECTA-
ounpHas mopudukanus gocdo-
pa. IIpu xpaHeHuu, 0COOEHHO HA
CBETY, OH MOCTENEHHO NOJUME-
pusyerca B KpacHBI (dochop
n teMHeeT. Texuuueckui 6ensii Gochop (KeaThI
docdop) — amopdHaA, TOXO0KAS HA MTUETUHBIIA BOCK
MacCa KEITOBATOTO WU CBETIO-KOPUYHEBOIO IIBE-
T4, C XAPAKTEPHBIM YECHOYHBIM 3aI1aXOM (pHUC.2).
COlEpKUT NPUMECH KPACHOTO (pochopa U JPyrux
BemecTs. Ha BO3Ayxe, B NPUCYTCTBUM KUCIOPOJA,
6enpii GpocPop MENIEHHO OKHCIAETCA A0 OKCHAA
P,O; npakruuecku 6€3 BplieNeHUs Tenna. OKucie-
HUE CONPOBOXKAAETCS CIAOBIM 3€JICHOBATHIM CBEYE-
HUEM (XEMUIIOMUHECLIEHIUEN).

Benblit pocdop YPE3BEIUANHO OTHEOTACEH, TOPUT
OCJIETIUTENBHO OENBIM IUIAMEHEM. Y/IeJIbHASA TEIUIOTA
cropanust 6enoro ¢gocgopa 6onpmasg (MOYTH KaK
y KAMEHHOTO yris u cuupra) — 24 000 x/r. Jlerko
CaMOBOCIIIAMEHSETCS HA BO3/JIyX€, OCOOEHHO NPU Me-
XAHUYECKOM BO3JECHCTBUU, HATIPUMED NPU TPEHUU.
Temneparypa camoBocmnamenenus — scero 30°C. To-
penue 6enoro Gochopa CONPOBOKAAETCS BbIICICHHU-
€M TYCTOTO 6€JOro JAbIMa, COCTOAMIETO M3 YACTHUYEK
oxcupaa gocdopa P,Os. [Tatnokucs pocdopa KparHe
TUT'POCKOIMYHA: OHA BIUTHIBAET ATMOC(HEPHYIO BIATY
1 06pa3yeT TyMaH U3 Karnejnek opTodpochopHOit KUc-
noTel H;PO,. PopMUpOBAHME KUCIOTHOTO TyMaHa Jie-
JIAET CJIydau BO3ropanus ocdopa eme 6onee omac-
HBIMHU. YTOOBI NPEJOTBPATUTD OKUCIEHUE U BO3TOPA-
Hue, 0enblil Gocop XpaHAT IIOJ BOJOU, C KOTOPOM
OH MPAKTUYECKU HE PEATUPYET.

Bricouaiimas XUMHUYECKAsd aKTUBHOCTb OEIOTrO0
dochopa onpeenaeT ero TOKCUYHOCTD. JleTanbHas
n03a 6enoro pocdopa s B3pOCIOro YEJIOBEKA CO-
crasageT Bcero 0.05-0.1 1. IIpefenbHo JOMyCTUMAd
KOHIIEHTpaus 1apos pocdopa B BO3AYXE IPOU3BO/JI-
CTBEHHBIX ToMemeHuil — 0.03 mr/m* (4TO COOTBETCT-
BYET IIEPBOMY KJ1accy onacHocTH 1o 'OCTy), BpeMeH-
HO JIONyCTUMAs KOHI[EHTPALUsA B ATMOC(HEPHOM BO3-
ayxe — 0.0005 mr/m’, npenenpHO JONYyCTUMAsA KOH-
LEHTPpanua B MUTbeBON Boie — 0.0001 mr/m [31].

Puc.2. benbiit pocdop (P.): BHewWwHWit BUA 1 CTPYKTYpa.

Bot mouemy 6enbiit (pochop — OAMH U3 CAMBIX
OIACHBIX 3AIPA3HUTENEH OKpYysKalomeit cpebl. O6a-
JAIOMUI BBICOKOY XUMUYECKON AKTUBHOCTBIO U JIETY-
YECTBIO, JIETKO BOCIUIAMEHAIOMUNICS, IPU CONPUKOC-
HOBCHHU C KOXKCI OH BBI3BIBACT TSIKEJIBIE OKOTH, 110-
pakaeT BCE CUCTEMBbI BHYTPEHHUX OPIaHOB YEJIOBEKA
1 JKUBOTHBIX. XPOHHUYECKOE OTPABACHHUE IIPUBOJUT
K TJTy6OKOU MHBATUAHOCTU: H6enblit (pochop Hapyma-
€T KaJIbIIUEBBI OOMEH, PA3PYIIAET KOCTH, BBI3BIBAET
MAaJIOKPOBUE, MOPAXKAET MEUYEHD, CEPAEYHO-COCYJUC-
TYIO U PENPOJYKTUBHYIO CUCTEMBL. [HAPOPOOHOCTD
6eoro pocdopa coYeTaeTcs ¢ BBICOKOM JIUIIO(DUIb-
HOCTBIO, 4TO JICJIAET €TO €Ile ONMACHEE, TOCKOIbKY OH
JIET'KO HAKAIIJTUBACTCS B )KHPOBOM TKAHHU.

Tem He MeHee 6enbi PocHOop MUPOKO NPUMEHS-
€TCs B IPOMBIIJICHHOCTH: B META/UIYPIHH, B IPOU3-
BOJICTBE KPAaCHOI'O (pocdopa, TPEXXIOPUCTOTO (HOC-
dopa, pocopHBIX KUCIOT U POCHATOB I TEXHU-
YECKOI'0 HCIOJIb30BAHUA W MHUIIEBON MPOMBIIIIECH-
HOCTH, /I IPUTOTOBJIECHUS ABIMOOOPA3YIOMUX U 34-
JKUTATEJNIbHBIX CMeCel. 3HAYUT, HE MCKIIOYACTCA
(a ckopee, HeEM36€EKHO) nonaganue 6eaoro pocdopa
B OKPYKAIOIYIO CPENY.
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Puc.3. Bnnotb fo 1906 r. B nponM3BOACTBE CMMUYEYHbIX TON0-
BOK Mcnonb3oBancs Genvlit hocdop.
®oT1o Adalberto Gonzaga Filho

OCOB6EHHO CTPAAAIOT OT 3aTPA3HEHUA ITUM BEIIE-
CTBOM BOJIOTUIABAIONIME IITHIBI, B YACTHOCTHU YTKU
u neben, MOCKOJIbKY 6€abI PocdhOop MONajaeT B UX
OpPTaHU3M U3 BOJBI BO BDEMS KOPMEKKH, 4 TAKXKE MU-
TAOIUECA MMM XUINHBIE NTUIEL [32]. OOGHAPYXKU-
JIOCh, 9TO M3 OPTAHM3Ma Kyp-HECyIeK Oenblil (oc-
pop MOXeT nepexoauTh B Aina. HaljieH OH U B pbI-
6€ — IPECHOBOJHOU U MOPCKOM.

CaMbpl¥ M3BECTHBIH CHUMITOM XPOHHUYECKOT'O OT-
pasiaenus 6enbM PochopoM — OCTEONOPO3, BOZHU-
KAaIOMWI B PE3YIbTATE HAPYIEHHUA KaIbIUH-(POC-
gopHOro o6MeHa. IIpyu 3TOM CYIIECTBEHHO CHHXKA-
I0TCA NMPOYHOCTb U 3TACTUYHOCTb KOCTHOM TKAHH,
BO3HHUKAIOT OO/ B CIIMHE. BONE3Hb CONPOBOKAAETCA
runeppocdareMueii — BO3pPACTAHUEM YPOBHA (HOC-
(aTOB M MOHOB KaIbIUSA B MOYE, TO €CThb OPraHU3M
TepseT HEOOXOAUMBIE 3JIEMEHTHL B TsXKeNbIX cayda-
AX OCTEONOPO3 MEPEXOAUT B OCTEOHEKPO3 — OTMHU-
paHHuE KOCTHOU TKAHU U OOPA30BAHUE CBUIICH. B Me-
JUIUHE JaXe CYIECTBYET TEPMUH «PochopHas ye-
JIIOCTh», O3HAYAIOMUI pa3PYIIEHNE HIDKHEN 4Yesnioc-
THU y Y4eJIOBEKd IIPU JIMTENLHOM KOHTAKTE ¢ (hocdo-
poM. B XIX — Hayane XX B. OT 3TOr'0 3260JI€BAHUS
YaCTO CTPAAAIN PAOOYNE CIUYEUHBIX (DAOPUK, BJIbI-
XaBHIME napsl 6esoro pocdopa [33].

Hecmorps Ha O(pULIMATIBHBIN 3anpeT, Oeablid Goc-
(op UCIONB3YETCH B BOCHHBIX I[ETISAX — /I IPUTOTOB-
JIEHUS 3KUTATEIbHBIX cMeceit. UM HaUMHAIOT IpaHa-
ThI, ABUAOOMOBI, APTUWIIIIEPUICKUE CHAPABL B oces-
HEE BPEMS JOHOCATCA MEYAIbHBIE CBEJEHNUS O PUMeE-
HeHuU (PocPOpHBIX OOCHPUNACOB NPABUTEIBLCTBOM
VKpauHbl Ha I0IO-BOCTOKE CTpaHbl. O6cTpensl doe-
NpUnacaMu ¢ 6enbM PocdopoM BHIZBIBAIOT CUIbHEN-
MHEe TOXKAPBL DTO, GE3YCIOBHO, OPYKHUE MACCOBOTO
yHUUYTOXKEHUA. OXKOI'M, BBI3BAHHBIE ropamum Gocdo-
POM, OCOGEHHO TSKEBI U C HOJIBIIUM TPYAOM MOJMA-
I0TCA JIEUEHUIO, TOCKOIBKY TEPMUYECKHUIT OKOT JJOMOJ-
HAETCA KUCJIOTHBIM ((pocopHasT KUCIOTA — OCHOB-
HOI NIPOAYKT ropenus (ocdopa). Topamuit pochop
HCIAPSETCS, U €rO NAPbI BEDKUTAIOT JIETKHUE.

B npousBoACTBE CIUUEK OB (POCHOP UCTONB-
30Banu BIIOTH A0 1906 T., KOrJla 3TO 3ampeTuna
Bepuckasa konsennuda (puc.3). [Tocne ee mopnucanus

CIIMYEYHBIE TOJOBKH CTAJIU U3TOTOBJIATH HA OCHOBE
KpacHoro ¢gocgopa, 3HAUUTEIPHO MEHEE OTHEOMaC-
HOTO M TOKCUYHOTrO. TakuM 00pa3zoM, OaCHOCTH Oe-
10ro ¢pochopa B 6BITY HOUYTU MOJHOCTBIO YCTPAHEHA.
OHAKO PUCK aBAPHIT HA IPOMBINIJIEHHBIX NPEJNIPU-
ATUAX U TPAHCIOPTHBIX MYTAX COXPAHAETCA.

Taxk, 16 uronsg 2007 1. Ha JIbBOBCKOI JKeJIE3HOM /10-
pore npou3oluIa KPYIHAsA aBapus TOBAPHOTO MOE3-
Ja. LlucrepHel, CopepKaBIIUE XKEATbA Hocdop, Co-
IIJIA C PENBCOB, MPU 3TOM HAPYUIIUIACh UX I'€PMETHU-
3a1Ms. — W U3 HUX MOJUJICS TOPAMUN KUAKUNA (HOoC-
¢op. Kak BRIACHUIOCH, OPTAHU3ATOPHI TPAHCIIOPTHU-
POBKHM MOHAJEANNACDH TONBKO HA 3AMUTHOE AENCTBUE
IrEPMETHU3AINN U HE OO0PY/JOBAIN B IIUCTEPHAX CHUC-
TEMY OXJIAKACHUA [34].

[To muennio B.CTaHkeBu4a, JOKTOPA MEAUIINH-
CKHUX HayK, 34BEJYIOIETO TA00PATOPUEN TUTHEHEI
MMOYBBI U OTXOAOB MHCTUTYTA I'MI'MEHBI U MEJUIIMH-
ckoyt 3kosnorun nmenu A.H.Mapseesa HAMH Vkpau-
HBI, (POCHOP HYKHO NEPEBO3UTH C TAKUMHU K€ MEPAMU
NPEJOCTOPOKHOCTH, KAK U AJIEPHBIE OTXOABI. OUeBUJI-
HO, YTO HEOOXOJMMO HCKATh HOBBIE, Hosee ahdhek-
TUBHBIE CIIOCOOBI OOE3BPEKUBAHUA TAKOTO OIACHOTO
TEXHOJOI'MYECKOTO IPOJIYKTA, Kak Oebli pocdop.

EAMHCTBEHHOE NPEANPUATHE TO MPOU3BO/CTBY
TEXHHUYECKOro 6enoro (kearoro) pocdopa B Poc-
cun — OAO «®ocpop» (r.TonbaTTH) — OOAHKPOTHU-
nock B 2002 1. Teneps ero teppuropus, rjae Ha 180 ra
Xpauarcest 6 ThIC. TOHH (POCHOPHOTO miTaMa, — Ovar
YACTBIX BO3I'OPAHUH U HEGIATONPUATHOUN 3KOIOTUYE-
CKOHM OOCTAHOBKU B TOPOJIE U €I0 OKPECTHOCTAX. Ha-
npumep, B 2012 1. Tam 66110 32(DUKCUPOBAHO 36 CITy-
4yaeB BO3ropanus gocdonurama.

Kazanocp Obl, Takol Ha6Op CBOUCTB 6esmoro goc-
(popa CBOAUT HA HET BO3MOXKHOCTb €TI0 OGHUOIOTHYEC-
KOM fecTpyKuu. OJHAKO, HECMOTPA HA TO, YTO OH I'y-
O6uTeseH I JI00BIX (POPM KU3HH, dJIEMEHT Pochop
06/1aJAeT YHUKAJIBHBIM Ka4eCTBOM: OY/ly4M CUIIbHEN-
MMM S/IOM B BUJI€ IPOCTOTO BEIMIECTBA, B OKUCIECHHOM
COCTOAHUU OH A6CONIOTHO HEOOXOAUM /I BCETO KU-
BOro. TakuMm o6pa3om, BO3MOXKHA €TO MOJHAS JJETOK-
cukanus. IIpo6nema o6e3BpexuBanus o6enoro (oc-
¢opa (Ha 100% cocrosamero n3 GUOreHHOIO IEMEHTA
ocdopal) B OKpyKaAIOLWIEH CPELE 3AKIIOUACTCA B TOM,
4YTO HET 3(P(PEKTUBHBIX U GE3BPEAHBIX CIOCOOOB Ipe-
BPATUTH €0 B 6€30MACHYI0 (POPMY — OCTATOK (POC-
opuoM KHCAOTH. Takoe NpeBpaleHUE TOIbKO HA
MIEPBBII B3IJIAJ KAKETCA JIETKUM.

Pa6oTa c ocapKkaMu CTOYHbIX BOA: OTKPbITHE
6aKTepun, ycTonuuBbix K 6enomy gochopy

Hamu ucciaepoBaHuss no 6UOJErpajanuu 6€10ro
docpopa Havanucey BecHou 2009 1. I.I'JIXBApOB B TO
BpEMS TECHO COTPYAHMUYAJI C FO/UIAHACKON KOpIopa-
nuent Thermphos International, KoTopas NpoU3BO-
auna 6enell pochop U PEryaspHO BBHIIAUUBANA
mTpadbl 32 3arpA3HEHUE OKPYKAIOIEH cpe/bl. Pyko-
BOACTBO (PUPMBI OBIIO CHJIBHO 3dUHTEPECOBAHO

34
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B TOM, UTOOBl HANTH CIIOCOO OOE3BPEKUBATL CTOKHU
npeanpuATuid. ¥ Mpl pemmnan B3ATb 06pa3Lbl OCal-
KOB CTOYHBIX BOJ| U3 OUMCTHBIX COOPYKEHHIT Ka3aH-
CKOTO BOJIOKAHAJd U NPOBEPHUTD, UTO CTAHET C BHE-
CEHHBIM B HUX 6esbIM (hochHopoM.

HuKakOH ONyOGIMKOBAHHOMN JIUTEPATYPBI O OUO-
perpaganuu 6enoro Qocdopa HAUTU HE YAAITOCH,
HU Ha PyCCKOM, HM Ha aHTJIUICKOM fA3BIKE. B euHCT-
BEHHOM OTYETE BCKOJb3b YIOMUHAIOCH, KAK B HA4Ya-
ne 1980-x IT. aMEpUKAHCKHUE YYEHBIC MCCIEJOBAIU
POCT MOYBEHHON MHUKPOMIOPH B IPUCYTCTBUU Oe€-
jg0oro ¢pocdopa U NPpULUIM K BEIBOJY, YTO POCTA HU-
Kakoro u HeT [35]. Ilosyuaercs, AECTPYKLIUA 3TOTO
BEIIECTBA B OKPYXKaIOIEH Cpejle HOCUT UCKIIOYU-
TEIbHO a40MOTUYECKUI Xapakrep. [Ipuuem pasmara-
ercst 6enpd pochop KpaitHe MEJJIEHHO: TE€ XKE aMe-
PUKAHCKHE YYEHBIE NOACYUTANH, YTO CKOPOCTD PaC-
nnaja yacrul 6enoro pochopa, OKa3aBmNUXCcs HA JHE
BojloeMa, MoxeT npespimars 10 000 ner! bonee T0-
I'o, He ObJIO HUKAKOW MH(MOPMALIUU O NYTAX MeTa00-
nu3Mma 6esnoro gocgpopa. IIpo CUMOTOMATUKY OTPAB-
JIEHUU BBICHIMX JKMBOTHBIX U Y€JOBEKA ONYyOINKOBA-
HO MHOTO JIUTEPATYPHI, 4 OMOXMUMHYECKYIO OCHOBY
3TUX IIPOIECCOB, IOXOKE, HUKTO HE BBIACHIL. (JIn60
3Ta UH(OpPMAUA 3ACEKPEUYEHA, KAK-HUKAK OEsbli
pochop narepecyeT BOCHHBIX.)

CaMplil MEPBBI HAII 3KCIEPUMEHT ObLI YUCTEH-
IIeX AaBAHTIOPOU: MBI BHECIHU B OC4/JIOK CTOYHBIX BOJ
6enpil pocdop B coorHomenun 1:1000 u cranu
KJATb, YTO K€ CIydnTcd. OCaJOK B TEPMETUYHO 3a-
KPBITON CKISHKE C TPYOKOH, NMOTPYKEHHON B BOJY
TeMmneparypoi 37°C, cHayana 60Apo BbIAEAAN I'a3 (KO-
TOPBIM HAKAIIMBAJICA B MEPEBEPHYTOM BBEPX ITHOM

MEPHOM LWIHH/PE, 3aII0JTHEHHOM COJIEBBIM PaCTBO-
pOM), HO Yepe3 mapy HejleIb €ro aKTUBHOCTD YIala 10
Hy/1s1. COMHEHUH HE O6BUIO — BCE KUBOE B HEM YMEPJIO.
U neitcTBUTENBHO, 6eNblil (hOChHOP BEb CUUTAETCA I'y-
OUTENBHBIM I BCEX (HOPM KU3HU. OJJHAKO CKIAHKY
MBI OCTAaBWJIN, PEHIMJIN IOKA HE TporaTh. Y He 3ps: ue-
€3 HECKOJIBKO HE/IE/Ib HAMEPTBO 3aCTHIBIIMH YPDOBEHD
JKUJKOCTH B IWIMHADPE ONYCTUJICA HA OJUH MWIIH-
JIATP. DTO JIET'KO ObUIO CIIUCATH HA CAYYARHOCTD — U3-
MEHEHUE TEMIIEPATYPHL U IP. HO ¢ KX IbIM THEM ypO-
BEHb M4JAT BCE OBICTPEE, 4 I'a3 HAKAMIUBAICA. DTOT
ra3 — CMECH VIJICKUCIOTO I'd3a U METaHa — IPOJYIN-
PYIOT MUKPOOPIaHU3MBbI, HACE/AIONHE OCA/IOK, 4 3HA-
YUT, CKOPOCTb €TO BBIJICTICHUS OTPAKAET AKTUBHOCTD
nx MeTab6oan3Ma. Takum 00pa3oMm, IOCIE AIUTEIBHO-
ro MEPUOJA YTHETEHUA OAKTEPUHN AAANTUPOBATIUCD
K HEOIATONPUATHBIM YCIOBUAM. MBI TOHSIN, UTO HAZIO
MPO/IOIKATH UCCIE/IOBAHNUE.

CHayajna paboTa IPOJBUIAIACh OYEHb MEJICHHO.
AHaspobHble 6AKTEPUH PA3MHOXKAIOTCA HEOLICTPO,
HAOMIOJCHUSI 32 KMHETHUKOIM BBIJCIAIONIEIOCS rasa
Iunnach o 150-200 pueit. [Iprnyem exeHEBHO TpeE-
60BAJIOCh U3MEPATH OOBEM BBIIECIAIONIEIOCS TI'd3a
U IOJIUBATH BOJY B TEPMOCTATHPYEMYIO OAHIO.

PazymeeTcsi, Mbl YCOBEPIUIEHCTBOBAJIN MPOTOKOJ
JKCIIEPUMEHTOB. KOKABIM ONBIT CTABWIU B TPEX IO-
BTOpAaX, 6€1blil PochHOp BHOCUIU HE KYCKAMU, 4 B BU-
€ OJHOPOAHOW BOAHOU 3MYJIbCUU, IOJYYECHHOU
JUCHEPTUPOBAHUEM YIBTPA3BYKOM, U BAPbUPOBAIU
KoHIIeHTpauuio ¢pocdopa or 0.001 go 0.1%. Ecrect-
BEHHO, C POCTOM KOHIIEHTPAUHMHU /14 AKTUBHOCTD
MUKPOQIOPB CHUXKANTACh, DTO WIIIOCTPUPYET NIPHU-
BEJEHHBII Ipaduk (puc.4).
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Puc.4. KuHeTuka BblfeneHus rasa B 3aBUCMMOCTM OT KOHLUeHTpauuu 6enoro dpocthopa, BHECEHHOTO B 0CAZ0K CTOYHBIX BOA. YeM
BbIlE KOHLEeHTpauus 6enoro pocdopa, TeM MeHblle 06beMbI BbiAenseMoro Mukpodiopoi rasa.
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Cupenesasd KpuBasg COOTBETCTBYET KOHLIEHTPALUHU
6enoro pocdopa 0.01%. BupHo, 4TO CHAYAIA BbIICIIC-
HHE Ta32 (HAIPAMYIO 3aBUCAIIEE OT CKOPOCTU MUK-
pO6HOTrO MEeTA60IM3MA) UJET JOBOJBHO HHTEHCUBHO.
3arem, nocne 20-ro AHA, ra3a BbIJECISIECTCS BCE MEHb-
mie, a K 30-My HIO AaKTUBHBII W OYKBAJIBHO YMHUPAET.
A mocne 37-rO AHA KPHUBASA CHOBA HAYMHAET PACTHU
1 BBIXOAWUT Ha maaro. Ilonydaercs, MUKpodropa
A4ANTUPYETCA K TOKCUYHON cpeje O6UTaHUsA, IO
KpaHEN Mepe 4aCTUYHO. A B KOHTPOJE (TEMHO-CHU-
HASA KPUBAA) MaJEHUE UHTEHCUBHOCTU META60IM3Ma
HAG/II0JACTCS TONBKO TTocie 60-ro AHS, KO/, T0-BH-
JUMOMY, UCYEPIBIBAIOTCA MHUTATEIbHBIE BEIECTBA.
TakuM 06pa3om, «IMa» Ha CUPEHEBOI KPUBOIt IIOUTH
HABEPHAKA CBA3aHA C TOKCUYHOCTBIO (pocdopa.

DTa KUHETHUKA BCErAa HOCHJA OJUHAKOBBINA Xa-
pakrep. B mepBple JHHU AKTUBHOCTb MUKPOMIOPEI
B OIIBITE U KOHTpoOJE (0caske 6e3 6enoro gocpopa)
HUYEM HE PA3JIUYANACD, 3ATEM B OIIBITHBIX 06Pa3Iax
OHa CHMXaJIACh BIIOTH JIO MOJHOTO YTHETEHUS, Ofi-
H4KO MOTOM CHOBA MOBBIMIANACH, TOCKOJIBKY MUKPO-
(nopa aanTUPOBANTACh K HENPUBBIYHBIM YCIOBUAM
(XOTs ypOBEHb €€ MeTa60NMM3Ma OBbLI CYHECTBEHHO
HUKE, YEM B KOHTPOJIE).

C nomompio AMP-CIEKTPOCKONINU Mbl YCTAHOBU-
JIM, 9YTO aKTUBAIIUA MUKPO(IOPHI TOCIE EPUO/Ia YI-
HETEHUs COBNAJAET C MCUE3HOBEHUEM CUTHana Oe-
noro ¢pocdopa, TO €CTb 3TU IPOLLECCH B3AUMOCBA3A-
HbL. bosee Toro, CKOpocCTh gerpaganuu 6enoro ¢oc-
¢opa okaszamach NPAMO NPONOPIUOHANBHON AKTHUB-
HOCTHU MUKPOQIOpH. B 06pa3nax ocagka ¢ HU3KOMI
AKTUBHOCTBIO MHUKPOMJIOPH (Hanpumep, oToO6paH-
HOT'O B MOPO3HBIE 3UMHHE MECAIBI) CUTHAT H6EI0T0
docdopa B criekTpe HAOMIOAANCT U Y€PE3 I'OJl MOCTE
BHECEHHUSA, 4 B JPYIUX CIY4IAAX UCUYE3AN YEPE3 [IBA
mecsana. UTak, COMHEHUN HE OCTABATIOCh: MUKPOO-
HBIA MeTA00JMU3M AKTUBHO BJIMAET HA JErpPajariuio
6eoro gpocdopa.

OIUH 3KCHEPUMEHT NPOAEMOHCTPUPOBAT B3AU-
MOCBSI3b MEXKAY MUKPOOHBIM META60JU3MOM U CKO-
pPOCTBIO pa3noxeHus 6enoro pochopa OCOOEHHO Ap-
KO0. B HEM 6uozerpaganus CpaBHUBANIACh B TPEX 00-
pasunax ocCajKa OJHON MAPTHUHM, HO OTOOPAHHBIX
C pa3HOIl Iy6UHBI (COOTBETCTBEHHO, C PA3HBIM BHU-
JJOBBIM COCTABOM MHUKPOQJIOpHI). YeM raydxe 3ane-
Tl CJIOM MUJIA, TEM MEHBIIE U3 HETO BBJIEAAIOCH I'a30-
00Opa3HBIX NPOJYKTOB KU3HEACATEAbHOCTU OAKTE-
puil. AHaIM3 C IOMOIIBIO I'd30BOM XpoMaTorpadpuu
1 MACC-CINEKTPOMETPUM ITOKA3AJI, YTO KOHIIEHTPALIUA
MeTab0NUTOB B TPEX NPOOAX 3AMETHO PA3TUYACTCH.
VMHTEHCUBHOCTDb CUTHAIA 6€10r0 (hochopa Obu1a 06-

Ta6nuua 2

Yucno 6akTepuanbHbiX KOJMIOHUN, BBIPOCWIUX U3 OCAAKOB

CTOuHBbIX BOA ¢ 6enbim dpochopom unu 6es Hero

PaTHO NPONOPIUOHAIbHA AKTUBHOCTH MUKPOOGHOTO
Merabonusma. Konnenrpanusa P, B nepsoM ob6pasie
6bL1a B 7.8 pa3 HUXKE, YEM BO BTOPOM, U B 13.3 pasza
HHUKE, YEM B TPETBEM. DTO MOJPAZYMEBAET UETKYIO
3aBUCUMOCTb MEXJY CKOPOCTBIO MCUE3HOBEHUA Oe€-
soro pochopa B cydbCTpaTe U UHTEHCUBHOCTBIO MUK-
po6rOTO MeTabonuama B HeM [36]. Beap ecnu 6bI P,
MO/IBEPTAJICa A0MOTEHHON JIECTPYKIIUU, TO CKOPOCTD
€r0o Pa3JIOKEHUS U UHTEHCUBHOCTb CUTHAIA BO BCEX
Tpex Npo6ax ObUIU 6B OIUHAKOBBHI.

[Toxamyi, CAMBIM HEOKUJAAHHBIM PE3YIBTATOM, ITO-
JY4EHHBIM HAMHU B TO BPEMS, CTAJI CJIEAYIOMUI: MBI YC-
TAHOBUJIM, YTO MOBEPXHOCTb OCAJKOB € OesbIM (POC-
(popom cO BpeMEHEM MOKPHIBAETCS KOJOHUAMHU OaK-
Tepuit. HoO yCTONYUBBIE K 3TOMY TOKCHUKAHTY MUKPO-
OpraHU3Mbl HUTIJE He onucanel! Eme yausuTenbHee,
YTO KOHTPOJIbHBIE OCAJIKU 6€3 6es10ro hocdopa HE 3a-
pacranmu. B oTpaBieHHOU Cpefe MUKPOOPTAHU3IMAM
JKUJIOCH JIYUII€, YEM B YUCTOM (Ta0I1.2).

TakuM 06pPa30oM, B KOHTPOJIE BBIPACTANIO OT HYIA
JI0 TISITH KOJIOHUH, 4 B ONBITE IIPU TOM K€ PA3BEAECHUUN
obpasna — He OAUH JAecATOK. [1o Bceil BUAUMOCTH,
3TOMY NAPaJOKCy €CTb TONBKO OJHO OOBACHEHHE.
MUMKPOOPIraHU3MBI, PACTYIIME HA MOBEPXHOCTHU OT-
PABJIEHHOI'O OC4JK4, XOPOWO aJANTUPYIOTCA K IPHU-
cyrcTBuio 6es0ro pocdopa. B KOHTPOIBHBIX CyOCTpa-
TAaX OHU YTHETEHBl APYTUMU BHUAAMH MHUKPOOPIraHU3-
MOB, 4 B OIIBITHBIX HE UMEIOT KOHKYPEHTOB. Pazymeer-
Cs, 3TUX HEOOBIKHOBEHHBIX OaKTEpUU TPEOOBANIOCH
HU3Y4YUTDb NOJpOOHEE. MBI IPOU3BENN TTOCEBLI HA Yall-
ku IleTpy U TaxK BIEPBBIE NMOJYYUIN GAKTEPHUATbHBIE
KYJIBTYPBI, yCTOHUUBBIE K 6es10My pochopy. OHu 66111
HJEHTU(DUIUPOBAHBI KaK IPEACTABUTENN POJOB Ba-
cillus, Pseudomonas u Streptomyces.

Pa6oTta c YyncTbIMU KynbTypammu GakTepuit,
yCcToMumMBbIX K 6enomy ochopy

OT paboTHl C OCAZIKAMHU CTOYHBIX BOJ MBI NEPEIIN
K BBIPAIUBAHUIO YUCTBIX KYJIBTYP OTKPBITBIX MUKDPO-
OpPTaHU3MOB B UCKYCCTBEHHBIX Cpefiax. OCaiKu CTOY-
HBIX BOJ UMEIOT BA)KHOE IIPEUMYIIECTBO IIEPE IPYIU-
MH OOBEKTAMU HCCIAEJOBAHUSI — OOraToe BUJIOBOEC
pa3HO06pa3uE MUKPOOHOTO COOHBIECTBA, TO3BOJIAIO-
mee JOOUTLCA OUOJErPAfalluU AaKE TAKOTO TPYJHO-
IO 3arpA3HuTeNd, Kak 6ensit gocdop. OmHAKO
Yy OCaJKOB CTOYHBIX BOJI €CTb U PSJ HEJOCTATKOB:
CIOXKHEUIUU XUMUYECKUI COCTAB, HO INIABHOE — €I'0
HEMOCTOSHCTBO, 4 3HAYUT, U MEHSIOIMECS CBOMCTBA
cyberpara. OCaJKu NPAKTUYECKH HE MOJAAI0TCA
CTAH/IAPTU3ALUH, TO3TOMY KOJIU-
YEeCTBEHHO UX UCCJIEIOBATH OYEHbD
TpyaHO. CIeJOBATENBHO, JAJIbHEN-
oy pabory HEOO6XOAUMO ObLIO
BECTU B HMCKYCCTBEHHBIX KYJIBTY-

PasBenenue oopasna 107 10° PaJbHBIX CpeAaX, UMCIOIUX CTAH-
OmIT 56 76 70 21 26 27 OAPTHBIM, IIOCTOSHHBIA COCTAB.
KOHTpPOIb 5 0 1 0 1 0 TOABKO B TAKUX Cpeaax MOXHO

BBIPANIMBATH YUCTBIC KYJIBTYPHI YC-
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TOMYUBBIX K TOKCUKAHTY MHUKPO-
OpPTaHU3MOB, YCTAHABJIMBATHL HX
TAKCOHOMMYECKYIO TPUHAIICK-
HOCTb, IOJY4aTh HOBBIC IMTAMMBI
1, HAKOHEL, (M 3TO BAKHEMNIIAsA 34-
J1a4a), BECTU CEJIEKI[UI0 MUKPOOP-
IAHU3MOB 110 CIIOCOOHOCTH 06€3-
BPEXHUBATH BCE BO3PACTAOIHUE
KOHIEHTpauu 6en1oro gocdopa.
W3BECTHO, 4TO CaMbll 3dPek-
TUBHBIM CIIOCOO BBIPANIMBATH YH-
CTYIO KYyJIBTYPY MHUKPOOPTAHU3-
MOB-/IECTPYKTOPOB C COXPaHECHHU-
€M UX CBOHCTB — DPETYISIPHO Iie-
peceBaThb €€ B CPejy, COEPKAIYIO
B KAUECTBE €JUHCTBEHHOI'O UCTOU-
HHMKA OMOTE€HHBIX 3JEMEHTOB TOT
KCEHOOMOTHUK, KOTOPHIA 3T4 KYJIb-
Typa JOJIKHA pacmemnars. Ha-
puMep, MUKPOOPTIaHU3MBI, 06€3-
BPEKUBAIONINE HEDTD, BLIPAMIUBA-
I0T B CPEJIaX, COEPKAMUX HEPTH
B KAYECTBE €JAMHCTBEHHOTO HC-
TOYHHUKA YIJIEPOAA.

CHnenuaapHO Ui HAMNAX UCCIEOBAHUN MBI Pa3-
pabdoTanu KyJabTypaJIbHYIO CPEALY, CO/IEPIKAILYIO OEBIN
ochop B Ka4eCTBE €JUHCTBEHHOIO HCTOYHUKA (hOC-
(popa. C mOMOIIBIO YIBTPA3BYKd U3 HABECKU OEIOTO
docdopa mpurorasaupand 6€1y10, KaK MOJOKO,
39MYJBbCHUIO B CHEIIUATBHON KOI6€E (pasymMeeTcs, B aT-
MocC(pepe UHEPTHOI'O I'd3a APrOHA, MHA4YE Oebld (poc-
(Gop MOMEHTAaTbHO BOCIHJIAMEHHUJCS OBl), 4 3aTEM
HYKHBIII OOBEM 3MYJIbCUU BHOCWIU B CPEAy — Tak
B HEN OKa3blBadach Tpebyemas
KOHIIEHTpa1us 6enoro gocdopa.

Mpl DpPOJOKUIA PabOTATh
C TEMU X€ IITaAMMaMU OaKTEPHUI,
KOTOPBIE BBIJICIUIN U3 OCAJKOB
CTOYHBIX BOJ. M HAC OXKuUzman crop-
npus: cam 6enblit pocop, XUMu-
YECKUHN PEAKTUB, OKA3aICA 0OCce-
MEHEH CIOPAMH YEPHOIO ACHEP-
runna (Aspergillus niger), KoTO-
pbIit Ha4yan 6€334CTEHYUBO PACTH
B CpellaX U MOJAABJIATh OAKTEPUU
(puc.5). Koneuno, Takon rpubox
HENb3d OBLJIO OCTABUTH O€3 BHU-
MaHUSA. BO3MOXHO, yCTOUYHUBOCTD
Kk 6enomy ¢ochopy BO3HHUKIA
y HETO JIaBHO, Pa3 €TI0 CIOPbI KOH-
TaKTUPOBAJIU C 3TUM BEMIECTBOM
jJoiroe Bpems. Mbl mocedanu rpu-
OOK Ha Arapu30BAHHBIC TUTATENIb-
HBIE CPENBl TPEX BHUAOB: C (PoOcC-
¢garom, BoOOImE 6€3 HCTOYHUKA
docdopa u ¢ 6enpim pochopom
(puc.6). Yepes mecTb JHEH Ha
cpenie ¢ pocdarom BEIPOCIO MHO-
IO CP4BHUTEJIBHO MEJKHUX KOJIO-
HUH, TO €CTh OOJABUIHUHCTBO CIOP

Puc.5. InekTpoHHas MukpodoTorpadus yepHoro acneprunna (Aspergillus niger).

®oTo Mogana Das Murtey u Patchamuthu Ramasamy

MPOPOCIIO, UTO ECTECTBEHHO B OJIATONPUATHBIX YCIIO-
Busax. Ha cpene 6€3 ncrouHuka ¢ocgopa BbPOC-
JIO MaJO KOJOHHM, KOTOPBIE 3aHUMAIU JOCTATOY-
HO OOJIBIIYIO IIOMmAJb, HO OBIIM OYEHDb CAA0BIMU
(IpaKTUYECKA MPO3PAYHBIE, C HEPA3ZBUTHIM MUIIE-
JIUEM U HEMHOTOYMCJIEHHBIMH KOHUAMEHOCIAMU).
ITo BCeH BUMMOCTH, CKa3a1aCh HEXBATKA pocdopa:
B CAMOM NHUTATENIBHOMN CPEAE COJEPKUTCA MPUMECH
(ocdara, HO €e HEJLOCTATOYHO I MOJHOLIEHHOTO

Puc.6. NepB.blit nepeces ycToitunsoro k 6enomy ocdopy yepHoro acneprunna (As-
pergillus niger). BBepxy — cpepa ¢ toccatoMm, Ha KOTOPOi BEIPOCIU MHOTOYMCNEH-
Hble cnopoobpasylowune konoHun. Cnesa BHU3Y — cpefa 6e3 uctoyHunka docdopa
¢ ocnabneHHbIMM KonoHuamu. CnpaBa BHU3Y — cpeda ¢ 0.05% 6Genoro tocdopa,
Ha KOTOPOW BbIPOCIN KpynHble cnopoobpasyiowne konoHun. HYawku Metpu cdoto-
rpacupoBaHbl Yepes WecTb JHeW nocne nepecesa.
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pocra rpubos. uTepecHo, uyTo Ha cpeje ¢ 0.05% 6e-
jgoro gocpopa KOJIOHUHU XOTb U BBIPOCJIO MEHBIIE,
4yeM B KOHTpose ¢ (pochaToM, OOHAKO OHU MPOU3-
BOJAUAN BIEYATIEHUE COBEPUIEHHO HOPMAJIbHBIX,
HE MCHOBITBIBAIOMUX JA€(MUIUTA MUTATEIbHBIX BeE-
mecTB. [Toxoxe, Ha cpejie ¢ 6€abIM (POoCPHOPOM BBLKH-
BAIOT HE BCE CIOPHI I'PUbA, 32TO BBUKUBIIKUE CIIOCOO-
HBl HUCIIOJb30BATh B KAa4ECTBE UCTOYHUKA (Ppocdopa
nu6o caM 6enbiit pocdop, 16O NPOJYKTE €I'0 XUMU-
YECKUX IIPEBPALIEHUN. 3HAYUTEIbHBIN Pa3MeEP KOJIO-
HHI, BBIPOCIIUX B NPUCYTCTBUHM 6enoro ¢dpocdopa,
OOBICHAETCA MEHEE KECTKON KOHKYPECHIIMEH MEXKIY
HEMHOTHUMH AJANTUPOBABIIUMHUCH KYJIBTYPAMU.

CpaBHUB n1ocaeg0BaTeaAbHOCTDb JJHK, BoIICIEHHO
U3 MuLenus rpuda, ¢ JaHHbIMU U3 6a3bl GenBank, Mbl
JOKa3aJI1, YTO 3TO HOBBIM IMITAMM YEPHOIO acHep-
TUJUIA, U Ha3BaIH ero Aniger AM1 [49].

OJHAKO YEPHBIN ACHEPTUIII, KAK BBIACHUIOCH, —
HE EJUHCTBEHHBIM MHUKPOOPTAHU3M, PACTYIIUU
B IIPUCYTCTBUHU 6e10ro pocdopa. Hemnoxo xusercs
1 6AKTEPUAM CTPENTOMUIIETAM, XOTA UX YCTONYU-
BOCTb U HMKE. CPABHEHUE KYJIBTYPHI CTPENTOMHUIIE-
TOB, BBIJJEJIEHHONU U3 OCAJAKOB CTOUYHBIX BOJ C GEJNBIM
dochopom, KoTopyIO nepecesanu 1ubo B Cpeay ¢ 6e-
JbIM pocdopom, 1UO0 B CTAHJAAPTHYIO CPELY, IOKA-
34710, 4TO B OTCyTCTBHE 6eynoro gocdopa ycTonyu-
BOCTb K HEMY OBICTPO MCYE3AET.

[TpO3HAB O TOM, YTO MUKPOOPTAHU3MBI «KYIIAIOT>
6enpiit Gochop, COTPYAHUKUA Kaeapbl OMOXUMHUU
Kazanckoro (pefepasbHOrO YHUBEPCUTETA IIONPOCH-
JIX IPOBEPUTD CBOM OOBEKT UCCIELOBAHUSI — I'PUOOK
mramma Trichoderma asperellum F-1087. C Tpuxo-
OEPMOI OHM PabOTAIOT MHOTIO JIET: U 3AIUIIAIOT OT
BPEAUTENEIN OTYPIIBl B COBXO3€ € €€ OMOIIBIO, U BBI-
JENAI0T U3 Hee (PEPMEHTHI /I CTUPAJIBLHOTIO IOPOII-
K4, U IPOU3BOJAT UAECHTUYHBIN HATYPAJIBLHOMY apO-
MaTHU34TOpP C 3aI1aXOM KOKOCA. BApYr oHa u Oe€nblit
docpop obesBpexusary ymeer? M mpaspa, TpUXo-
JE€PMa IIPU NIEPBOM XK€ MOCEBE NPOAEMOHCTPUPOBAIA
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0003HayeHbl ellje He 0GHapyKeHHble MpeBpaLyeHus.
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YCTOHUYUBOCTh K Oesnomy gocdopy OOJbIIYIO, YEM
Yy APYIUX HMCCIEAYEMBIX HAMU MHUKPOOPTaHU3MOB:
6€3 Npe/IBAPUTENIBHON aAaNTAIIUY OHA CPa3y Hadaaa
pactu B cpege ¢ 1% 6enoro ¢gocdopa [37]. Apyrue
MUKPOOPIaHU3MBI, U3yUYEHHBIE HAMH, CMOTJIN BBIJIEP-
KATb TAKOE KOITHUYECTBO AJJOBUTOTO BEMIECTBA TOJLKO
IIOCJIE HECKOIBKUX TIEPECEBOB.

PasymeeTrcs, 04€Hb BA)KHO OBIJIO OOHAPYXKUTD ME-
TaboauTel 0enoro gocdopa. Pa3, Kak Mbl YBUAEIU
6narogapsa AMP-CIEKTPOCKONUN €IIe B HAYAIE CBO-
UX UCCIENOBAHUIM, 6emblil (pochop B Cpefax C MUK-
pPOOPraHU3MaMU MCYE3A€T, 3HAYUT, JOJLKHBI HAKAII-
JIUBATHCA MIPOAYKTHL €0 NpeBpaleHuil. I1o ux cnex-
TpaM MOXKHO CYJHUTL O NyTAX MeTA60aM3Ma 6€10r0
ocdopa, a TakKe O NEPCHEKTUBAX U 1[€1€CO00Pa3-
HOCTU NIPAKTUUYECKOTO BHEJPEHUA €TI0 6GUOJErpasa-
MU, 3244CTYIO NPOJYKTH META00IU3MA KAKOTO-JIU-
60 BEIECTBA OK4A3BIBAIOTCS 6OJIEE OMACHBIMM, YEM
HCXOJHBIN CyOCTpaT (TaK HA3bIBAEMBIC JICTAJIbHBIC
META00MUTHl), UTO HAKIAJABIBACT OTPAHUYECHUS HA
NIPUMEHEHUE METO/A.

Jonroe BpeMs MBIl HE MOIJIM 3d4PETUCTPUPOBATD
MOTEHIIUAIBHBIE META00TUTB C MOMOIILIO AJEPHO-
MATHATHOTO PE30HAHC4, BEJAb OHHU IPHUCYTCTBYIOT
B CpeJie B CJAEJOBBIX KOHIEHTpanuaAx. OJIHAKO 3aTeM
HaM IIOMOT COTPYAHUK XUMHUUYECKOro (pakynapreTa Ka-
3aHCKOI'O (pepepanpbHOro yHusepcurera X.P.Xasapos.
OH CyM€J CHATb U3YMUTEIbHBIE CHEKTPHL, HA KOTO-
PBIX NMPEKPACHO BUIHBI CUI'HAJIBI META60MUTOB. ['n-
nogocour, pocdur... pocdar! Pocdar, ocHOBa 06-
MEHA BEIECTB B II06011 KieTKe. I B KyIbTypaJIbHON
cpeane ocary HEOTKy4ad ObUIO B3SAThCA — TOJIBKO U3
6enoro gochopa, BHECEHHOTO U3HAYAAbHO. CTpali-
Hermuit a1 6ensiit pocdop npeppatuncs B Gochop-
Hoe ynobpenue! CTajiuu 3TOrO MPOIECCa NPENCTAB-
JIEHBI HA CXEME IPEJIOIATAEMOTO METAO0TNIECKOTO
nytu 6esnoro gpocdopa (puc.7).

K coxaneHuio, Mbl O CHX IIOp HE 3HAEM, KaK
HMEHHO 3TO NPOUCXOAUT. BO3MOKHO, 6€bii (hoc-

(pop OKUCIAETCA YUCTO XUMHUYEC-
KHUM IIyTEM, A JKUBBIE KIETKU BKJIIO-
YaI0T B CBOH META00IU3M YKE
MPOJYKTBI €r0 OKUCIEHUS. Vamnas
UX N3 OKPYXKAIOUIEH Cpe/bl, MUK-
POOPTAHU3MBl CMEIIAIOT XUMUUE-
CKOE PABHOBECHUE B CTOPOHY A aJIb-
HEWIIEro OKUCIEHUs 6eaoro ¢goc-
¢gopa (cornacuo npunHuuny Jle
[laTtenbe A1 paBHOBECHBIX CHC-
TEM) — M TAKUM O0OpPa30M yCKOPA-
0 I0T €ro Jerpaganuio. BepodaTHo,
|l TAKOW MEXAHU3M OHOJECTpaialiiu

HO/F{\MOH MMEET MECTO, HO, BOBMOJKHO, CYIIIe-
OH CTBYET W JOIOJHUTEIbHBIN IIyTh,
e HAMHOI'O 60J1€€ MHTEPECHBIN I

610JI0r0B, — CHUHTE3 (PEPMEHTOB
C HEU3BECTHBIM BUIOM aKTUBHOC-
TH, UIsI KOTOPBHIX Oenblit pochop
CIYKAT CyoCcTpaToM. UX o6Hapy-
JKEHUE (M1 OOHAPYKEHUE HOBOM

KMCnoTa
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PacTeHWIA 1 XXMBOTHbIX
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BbiMblBaHWe

MWUHEDaNW3aUna

AOHHbIe OTNOXeHNA

Puc.8. KpyrosopoT cocdopa B npupoge.

AKTUBHOCTH Y YK€ U3BECTHBIX (PEPMEHTOB) CTAJIO OBl
3HAYUTENBHBIM (DYHJAMEHTAIbHBIM JOCTHUXEHUEM,
NPUYEM BIIOJHE PEATUCTUYHBIM, YUYUTBHIBAS PA3HO-
obpasue cnenuuueckux (GEpMEHTOB C YKE YCTa-
HOBJICHHBIMH 3K30TUYECKUMU aKTUBHOCTIAMH. IIpu-
yeM 00a MPEACTaBICHHBIX MEXAaHU3Ma OHOJerpajaa-
LIMU HE UCKIIOYAIOT PYT APYrd, 4, HAIPOTUB, OTINY-
HO COYETAIOTCH.

baxrepuu Pseudomonas alcalipbila, BbILeNneHHBIE
13 OCAJJKOB CTOYHBIX BOJ C 6esbIM (pocdopom, BeICE-
BAJIM HA CPE/Ibl WJICHTUYHOTO COCTABA, CO/EpKaIUe
0.01 unu 0.05% 6enoro pocdopa. ONTUYECKYIO TIOT-
HOCTB KYJIBTYPbI U3MEPSIN Ha (POTOIIEKTPOKOIOPHU-
MeTpe. BBIACHUIOCH, UTO MCEBJOMOHA/IB, B OTINYHE
OT ACHEPTUINIA U CTPENTOMULIETOB, HE PACTYT B Cpe-
JaxX, cogepxKamux 6enbiit Gocop B KAUECTBE €JUH-
CTBEHHOI'O UCTOYHUKA pocdopa. To ecTb OPraHu3Mbl
13 PA3HBIX TAKCOHOMUYECKUX T'PYII UMEIOT Pa3Ind-
HYIO yCTOUYUBOCTD K 6enomy pocdopy. Mbl yxe 3HA-
1, 4To 6aKkTepuu poaa Bacillus BEIKUBAIOT NPU KOH-
ueHTpanuu 6enoro gocdopa B 0CaAKAX CTOUHBIX
BoJl 0.1%, HO TOJIBKO 34 CUET CUJIBHOTO 3AMEJJICHUS
META00/IM3Ma U TEMIA PA3MHOKCHUSA, 4 HE 32 CUET
3(PPEKTUBHON AECTPYKLUU ITOI'O BEWECTBA. DTO
OKAa3aJIOCh CIIPABEIUBLIM U 11 P.alcaliphila. Pasnu-
yng B YCTOMUUBOCTH K Oenomy pocdopy — cepbes-
HBII1 APTYMEHT B IIOJIb3Y TOT'O, YTO TO BEMECTBO Pa3-
JIATA€TCS NOJ| AEUCTBUEM (PEPMEHTHBIX CUCTEM (KO-

TOpPBIE PA3IUYAIOTCS Y PA3ZHBIX MUKPOOPIaHU3MOB),
4 HE TOJBKO 32 CUET A0MOTUYECKOTO OKUCTEHNU.

[MoguepkHeM: 6uoerpaaanus 6enoro pocpopa —
3a/1a4a HE TOJBKO MPUKIATHAS, HO U (PYHJAMCH-
TanbHasL. POCHOp KaK OMOTCHHBIN 3JIEMEHT BKIIOYCH
B OMOT€OXMMHUYECKUH KPYTOBOPOT BEUIECTB B OHO-
chepe 3emnu. MccnenoBaHus MOCIEAHNUX JIET 3HAUU-
TEJILHO PACIIUPHUIN HAIU NPEJCTABICHUA O KDYTOBO-
pote gochopa B npupoge (puc.8).

BBIICHMIIOCH, UTO B HET'O BCTYNAIOT HE TONBKO (DOC-
darsl, HO U PochuH, runopocurel, PocHUTHL, NPU-
pOAHBIE U AHTPONOTEHHBIE THOGOCHATH, PTOPGHOC-
datsl, pochopamuisl, GocHOpPOPraHUUECKUE COEU-
HeHU [38]. 32 UCKIIOUEHUEM 3JIEMEHTHOTO (pocdopa,
0 MeTA60MM3ME KOTOPOTO MOYTH HUYETO HE U3BECTHO.
DneMeHTHBIA POChHOpP B HEKOTOPOM CMBICIIE OCTACTCS
C1a0BIM 3BEHOM KPYroBopoTa. [103TOMYy OCyIliecTBie-
HUE GUOJIOIMYECKON Jerpajaliui 31€MEHTHOTO (hoc-
(opa — 3aaua, 6€3 COMHEHUS, BAXKHAS.

Jenasg mepeceBbl MUKPOOPTAHU3MOB C MHTEPBA-
JIOM B cpeHeM 60 THEH, MBI JOGUINCH POCTA YCTOM-
YUBOCTU. Hamaydmyo npucnocodaseMocTb K 6€10-
My (dpocopy NpOABUIN UMEHHO CTPEINTOMULETHI
(mramma A8). Yepes naTh MOCAELOBATENbHBIX IIEPE-
CEBOB UX YCTOMUUBOCTb BO3POCIA MATUKPATHO. I'pu-
OBl PACTYT U ANANTUPYIOTCA MEJIEHHEE: MOCTIE BOCh-
MU MEPECEBOB YCTONYMBOCTb ACHEPIUIA MOBBICH-
JIACh TOJBKO BJIBOE, A TPUXOJEPMBI — BOOOIIE HE U3-
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) A8 AM1 asperellum F-1087

Puc.9. ApganTtauus u pocT yCTOAYMBOCTU MUKPOOPraHM3MOB
Kk 6enomy docdopy nocne HanpaseHHON Cenexkuuu.

MeHWIach. OJJTHAKO OHA U3HAYAJIBHO ObLJIA BBIIIE, YEM
y crpenromuueTos [39] (puc.9).

HaM y1aoCh BEIPACTUTh MUKPOOPTAHU3MEL B Cpe-
Je, TAe KOoHIeHTpauusa 6enoro ¢ocdopa AoOCTUTrA-
sa 1%. CornacHo nareHry [40], KoHLeHTpaLus 6€J10-
ro ¢ocpopa B CTOYHBIX BOJAAX NPEANPUATUH HE

nojpkHa npepbimatb 0.0002%. Crano 66Tk, 1% — 3TO
NPEBBINICHUE NPEAENbHO JONYCTUMOHM KOHLIEHTpa-
uum 6eaoro pochopa B CTOUHBIX BOJax B 5000 pas.
A mpenenbHO AONYCTHUMAsA KOHLIEHTPALUSA 3JIEMEHT-
HOro gocdopa B BOJHBIX OOBEKTAX XO3AHCTBEHHO-
NATHEBOTO M KYJIBTYPHO-OBITOBOI'O BOJOIOIB30BA-
HUs, COTJIACHO JAHHBIM U3 [41], cOCTaBISET BCErO
0.0001 Mr/m, TO €CThb KOHLUEHTPALUA 1% MpeBhIImaeT
€e yxke B CTO MWUIMOHOB (1x10%) pas! Cam ¢akr
YCTOMYUBOCTU MUKPOOPTAHMU3MOB K TAKOW KOHIICHT-
pallui TOKCUKAHTA YJUBUTEIEH W JEMOHCTPUPYET
YHHUKAJbHBIE IIPUCHOCOOUTETBHBIE BO3MOXKHOCTH
’KUBBIX OPTAaHU3MOB. boJiee TOro, rpude! B 3TUX YCII0-
BUAX JAKE PA3MHOXKAJINUCH, XOTS CHOPHl CO3PEBAIU
3aMETHO MEIJIEHHEE U B MEHbBIIEM KOTHUYECTBE.

Briosine BO3MOXHO, 4YTO KOHLCHTpauusg 1% — He
NpeJenbHas U NOCIE NPOMO/UKATENBHON CENEKIUN
BO3MOKEH POCT U B CpeJlax C 60JIe€ BBICOKMMHU KOH-
neHrpanuaMu 6enoro Qocgopa. IIposepka 3TOro
CHOEPKUBACTCA MCKIIOYUTEIBHO COOOPAXKECHUAMU
TEXHUKHM OE30MACHOCTU: C POCTOM KOHIIEHTPAIUU
rOpAYHE IMYIbCUU 6€10ro Gochopa CTAHOBATCA BCE
omacHee B oOpameHnu. CIe0BATENbHO, I IPUTO-
TOBJIEHUA KyIBTYPATbHBIX Cpes ¢ 60I€€ BHICOKUMHU
KOHIIeHTpanusaMu 6enoro gpocdopa Tpedyercs pas-
paboTaTh HOBBII METOJ] €TI0 BHECCHHUSL.

Puc.10. MepBblit nepeces yctoitunsbix Aspergillus niger AM1 B yeTbipe BapuaHTa cpefbl. Psabl cneBa Hanpaso: nepBbiil — cpeaa
6e3 ncTouHNKOB thocdopa, BTOpoit — cpeaa ¢ docdartom, Tpetnit — cpeaa ¢ GenbiM pocdopom B KOHUEeHTpauuu 0.2% 1 0aHO-
BpeMeHHO ¢ hocdaTom B TOI e KOHLEHTpALMK, YETBEPTLI — Cpefia C OfHUM ToNbKO Genbim hocdhopom B KoHLeHTpauun 0.2%.
CHuMOK cpenaH yepes 11 gHeit nocne nepecesa.
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OueHb UHTEPECHBIN PE3YNbTAT
MOJVYMIICA MPU MOCEBE YEPHOTO
acnepruiia mramMmma AM1 B cpeny,
CcoJlepKAIYI0O HE OJHH, 4 CPa3y
JIBa UCTOYHHKA (ochopa — 6He-
Al pocop B KOHILEHTPALIUU
0.2% n gocdar B TOH K€ KOHIIEH-
Tpauuu. 18 CpaBHEHUS TPUOOK
IIepECEBAICS €Ie Ha CPEAy COB-
ceM 6e3 ucrouynuka gocdopa,
Ha cpeay ¢ pocdaToM U HA Cpeay
¢ 0.2% 6enoro gocpopa (puc.10).
JIo 3TOro MBI EpeceBaIN I'PUOOK
nub0 TONMBKO Ha Oenblt pocdop,
60 TOALKO Ha ¢ocdar. Kak
1 paHblle, B cpejie 6€3 UCTOUYHU-
KOB (¢ocdopa rpud pacru He
cMor. 3aTo B cpeje ¢ gocharom
pOC 3aMEUYaTEIbHO, TOJBKO BOT
KyJbTYpa €ro OKa3ajJach HE YHUC-
TOHN: B OJArONPUATHBIX YCIOBUAX
BBLIPOC/IU €IIE U I'PUOBI JPYTUX BU-
JOB, 00pa3ysd KOJOHUU HE YEPHO-
ro, a 3€JIEHOI0 U KPEMOBOIO OT-
TEHKOB. Pe3y/ibTaThl HOCEBA B Cpe-
Iy C OJJHUM TOJBKO OesnbM (hOC-
(opoM 6osblIe HAC HE U3YMIIAIH,
IIOCKOJIBKY HOBTOPSAJIU IIOJIY4EH-
Hele panee. [lo-Hacrodmemy yau-
BUTEJIBHBIM OBIJIO TO, YTO B CPEJIE
¢ ¢ocarom u 6€apIM PochHopom
rpubd pocC TaK ke UHTECHCHUBHO, KaK
Ha ofiHOM (pocdarte. HUKAKOTO 3a-
MEJJIEHUSA B PA3BUTHUH, HUKAKUX
U3MEHEHUHN BO BHEIMIHEM BHJE KO-
JOHUU! A BOT MUKPOOPTAHU3MBI
IPYIrUX BUJOB B TAKUX YCJIOBUAX
BBIKUTD HE CMOTJIH, KY/IBTYpa dep-
HOT'O 4CHEPrusuld NOJIYYUIaACh YU-
croi. [Tonyyaercs, uro Aniger AM1
HE MPOCTO yCTOUYUB K OEIOMy
gocdopy, a BOOOIE HE CUUTAET
3TO BEMECTBO TOKCUYHBIM. OTCTA-
BAHHE B Pa3BUTHUU B OTCYTCTBUE
Gocdara B JaHHOM caydae 0ObsC-
HAETCA HE TOKCUYECKUM JENCTBU-
eMm 6enoro ¢gocdopa, a ero Tpya-
HOJOCTYIIHOCTBIO B Ka4eCTBE HC-
TOYHHKA OMOTEHHOTO 3JIEMCHTA.
[Tockonbky cnopbl A.niger AMI1
OBLIN BBIJICJIEHBI HAMU U3 PEAKTHU-
Ba 6esoro gpocdopa, 3TOT rpuboK,
HABEPHOE, YXKE NTABHO KOHTAKTHU-
pOBaJ C HUM U BBIPa60TAT yCTOU-
YUBOCTb 347100 JI0 HAIIErO HC-
CIeOBAHUS.

Ham kosutera renetuk D.B.ba-
ObLIHUH DPEIMJI UCCAENOBATL Te-
HOTOKCUYHOCTBL Oenoro ¢gocdo-
pa M COAEPXKAMUX €rO KYJIBTY-

noTeHUMansHbIA BonbLLOE YMCNO PEBEPTaHTOB
MyTareH (k KOTOpbIM BEPHYNACH
CNocoBHOCTL CUHTE3UPOBaTL
TMCTUAMH) 03HA4aeT,
4TO TECTUPYEMOE BELLIECTBO
BbI3bIBGET MyTaU'HL"I

~— &=

cpena bes ructngmHa

Salmonella typhimurium,

KOTOPBIM HeobxoamMmo
nony4ate rMcCTManH U3BHE (C Ecﬁgglé):::blhdw

pesepTaHTamm)

Puc.11. Cxema, UANIOCTPUPYIOWARA NPUHLMN TecTa IMMCa HA TeHOTOKCUMYHOCTb. Wc-
NoAb3YIOT MyTAHTHBIA WTaMM 6akTepuun Salmonella typhimurium, kKoTopbii He cno-
COGEH CUHTE3MPOBATb AMUHOKUCAOTY L-rUCTMAMH, B OTAMYME OT AMKOTO WTamma.
Korpa B KynbTypanbHylo cpefly C MyTaHTHbIM WTaMMOM 406aBasioT BewWwecTso, 0bna-
patoliee reHoTOKCMYHOCTbIO (To ecTb noBpexaatowee AHK 1 noseiwatwuee yactoty
MyTauuit), B NOMyAsLMM BO3PACTAET (MO CPABHEHUIO C KOHTPOJIEM) Y10 GaKTepuit,
npeTepneBWNX TaK Ha3blBaeMble 06paTHbie MyTauuu, 61aronaps Yemy K HUM BepHy-
f1lacb CnocobHOCTL BbipabaTbliBaTh TMCTUAMH, @ 3HAYUT, U CNOCOBHOCTL PacTu B ero
oTcyTcTBME. YacToTa Taknx 06paTHLIX MyTalMit HANpsMY0 3aBUCUT OT reHOTOKCHUY-
HOCTW BHECEHHOTO BellecTBa.

NoTeHLMaNbHbIA BblICOKaA MHTEHCMBHOCTbL
MyTareH BronioMrHeCUeHLMK
03Ha4aer, 4To TecTupyemoe
BELUECTBO BbI3bIBAET MyTaLMM

knetkun Escherichia col, KOHTPOnb
cnocobHele

K BronioMrHecUeHLWI,

3anycKaemom ccTeMom
SOS-otBeTa

Puc.12. Cxema, unnoctpupytowas npunumn SOS-lux Tecta Ha reHOTOKCUYHOCTb. Mc-
No/b3yIOT PEKOMOUHAHTHBIN WwTamm Escherichia coli, cnoco6HbIN K GUONIOMUHECLEH-
unm, 3anyckaemon cucremon SOS-oTBeTa KNETOK. ITa CUCTEMA aKTUBUPYETCSA NPU No-
ABneHnmn B cTpyktype [IHK noBpexaeHuit unn npu HapylweHuu npouecca penanka-
LMK, TO eCTb, Hanpumep, nocne obayyeHUs ynbTpahrUoNeTom Un BO3AeNCTBUA XUMU-
yeckum MmyTareHoMm. WNHTeHcuBHOCTb SOS-0TBETA KNETKM 3aBUCUT OT CTErMeHu no-
BpexxaeHus OHK. B TecTe k kneTkam Takoro wramma [o06aBAsioT BeWeCTBO, NOTeH-
UMansHo obnagatliee reHOTOKCMYHOCTbIO, U U3MEPSAIOT UHTEHCUBHOCTL SOS-oTBETA
Mo MHTEHCUBHOCTU GMONIOMUHECLEHLMUM (CPAaBHUBAS C KOHTPOJIEM).
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pPaNbHBIX CPeA. B tureparype yrBEpPKAAETCA, UTO T'e-  JIOKUTEABHBIA PE3YIbTAT, HOATBEPJUB I€HOTOKCHUY-
HOTOKCUYECKUMU CBOHUCTBAMU Oenblit ¢pochop HEe  HOCTb 6€a0ro pocdopa.

obnagaer [42-44]. BabpIHUH IPOBEJ KIACCUYECKUN B 6mmkarimee BpeMs Mbl IJTAHUPYEM CPaBHUTD 9KC-
TecT OuMca (puc.11), u pe3yapraT OKa3ajcs OTPU-  IPECCUI0 TEHOB IPpUbOB, BRIPOCHIUX HA 6en1oM (hoc-
naTeabHbIM. KOJIMYECTBO MYTAHTOB y TECTOBOTrO  (¢ope u Ha Ppocdare, a TAKKE IPOAHATUZUPOBATH I10-
mramma Salmonella typhimurium He HU3MEHHIOCH  ciegoBareabHOCTH JHK MHKPOOPraHM3MOB, yCTON-
110 CPABHEHUIO C KOHTPOJEM. OJJHAKO TAK Ha3blBA€-  UYMBBIX K 6e10My (ochopy, 4TOOB BBIICHUTD, KAKUE
MbIit SOS-lux Tect (puc.12) BBIABUI, HAPOTUB, IO-  T'EHBI 33/ICHICTBOBAHLI B OMOJIETPA/JAIIUU ITOTO /121

Asmopul svipaxcarom 2aybouatiuyo npusnamensrocmos P.K.Arumosoil, 9.B.badvinuny, EBIopoauyk, X.PXaaposy,
C.TMunsaroeoii, HB.Kyaux, JI.I.Muporosoti, /].E.berocmoykomy u KACanapmoipaoosy, a maxice O./].DoMunbLX,
MXIaitnymourosy, J1.C.Kypmarnoeoti, AIOAxku3oey, AH.Kypookosy u namenmuo-auyen3uonnomy omoeny Kasaw-
CK020 (pedepanbro20 YHUBePCUmema 3a HeOueHUMy10 nomoub 6 padome.
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OPHUTOJNIOrUsA

Tamvana Anamoaveéna 060306a, Karou-
oam OUONO2UUECKUX HAYK, 6eOVULULL HaAYY-
HOLlL COMPYOHUK NabOpamopuu Pu3uonozuu
u 2enemuxu nogeoenus npu Kageope 6u.c-
uLeti Heperoli 0eamenrbHoCmiU 6UON02ULECKO-
20 garxyremema Mocko6cK020 20¢yoapcm-
6en1020 ynugepcumema umeru M.BIJlomoro-
coga. Obaacms HAYUHOLLX UHMEPeco8 — dae-
MeHMapHoe MulilneHue HUBOMHBLY, 106ede-
Hue nmuy, 6 npupooe.

KirodeBsIe CI0BA: TIO/IIOTOBKA MOJIO/IBIX OAKIAHOB, JIOBJIS PBIOEI ¢ 6akiaHnaMu B Kurae.
Key words: young cormorant training, cormorant fishing in China.

4 HEKOTOPBIX BOJOEMAX B I0OKHOM 4acTU KuTasd MOXHO YBUJETD

JJOBOJIBHO CTPAHHYIO KAPTUHY — IO BOJE ABUXKYTCA JIOJKH,

OT HOPTOB KOTOPHIX B 06€ CTOPOHBI OTXOJUT PAJ] NATOK JATUHOMN
OKono MeTpa. Ha KaxJoU M3 HUX CHUAUT Napa OOJbIIUX OGAKIAHOB
(Phalacrocorax carbo) — NTHULL, KOTOPBIE TUTAIOTCSA pBIOOH, TOOBIBAS €€
BO BpeMA IUIABAHUA 11O/ BOAOH. KapaBaH JTOMOK IPUIIBIBAET K MECTY JIO-
B4, U TOIZld XO34MH, KOTOPBIA 10 3TOI'0 IPOCTO NPUTIALBIBAI 32 TOPAJ-
KOM, OJJHY 32 JIPYrO¥ OTHPAaBJSET NTHUI[ B BOAY. IITUIIBI 3aHBIPUBAIOT
1 CIYCTS HECKOJIBKO CEKYH/] OIHA 34 IPYTOU MOSABIAIOTCSA HA TOBEPXHO-
CTH C PBIOOY B TOPIOBOM MEIIKE. XO35IUH IO OYEPEAU NOAHUMAET MITHIL
B JIOJKY, IPOTATUBASA UM IIECT, HA KOTOPBII NTUIILI 3AJI€3aI0T. B 10JKE OH
320MPAET Y ITHULL PBIOY, 4 TOTOM 3d4HOBO OTIIYCKAET UX B BOJY PBIOAYUTD.
YuuTh GAKJIAHOB JIOBUTD PBIOY HE HA/I0 — 3T4 CIIOCOOHOCTD Y HUX BPOXK-
JIEHHA4. A BOT YTOOBI OHMU JIeJIAId 3TO ISl YEJIOBEKA U BMECTE C HUM,
HYKHO BBIPA00TaTh y IITUI| ONPE/IeICHHBIE (POPMBI TOBECHUS, JII UETO
HEOOXOAUMO TOHKOE IOHUMAHHUE UX NIPUPOJIBL

Lenpio Hamen paboThl ObUIO BBIICHHUTH BCE OCOOEHHOCTH BBIPAIIU-
BAHUA U TPEHUPOBKU MONOJBIX OAKIAHOB /A PAOOTH B KAYECTBE JIOB-
ynx nTui*, s 3Toro NpoBeieHbl ONIPOC 24 pplOaKOB ¢ OAKIaHAMU B TPEX
peruonax IOro-Bocrounoro Kurtasgs um HaOIIOJCHUSA 324 3TUM IIPOLEC-
COM Ha CHENUAJU3UPOBAHHOI (pepme Ha 03.Baftmans B oxpyre Ll3u-
HUH nposuHuuu IllanpayH (muHbUHB: WEishan hid, Jining, Shandong).
B pesynbrate HaMm yAAJIOCh OMUCATb BCE CTAJUU MPOLECCA MOJIOTOBKU
MOJIO/JBIX IITHUI] K YYACTHIO B IPOMBICIIE U CONMOCTABUTDb 3TH HAOIIOAEHUA
C MPEJACTABIEHUAMNU COBPEMEHHON 3TOJIOTUUA U HEMPOOUOJIOTUH O 34KO-
HOMEPHOCTAX UHAUBUAYAJILHOTO PA3BUTUS (OHTOTEHE34) MITUII,

JIOBJIA pBIOBI C TOMOIIBIO OAKIAHOB CYIIECTBYET B KuTae MHOTO cTOJIE-
Tui. [lepBoe ynmoMuHaHHE 06 3TOM JaTupyercsa KoHunom XI B. Hau6o-
Jie€ TOJIHOE ONMCAHUE BBIPANMUBAHUA U IMPOMBICIA C UCHONIb30BAHUEM
3THUX ITHUIL JAHO B MOHOTPAa(PUU HEMEILKOTO U AMEPUKAHCKOTI'O BOCTOKO-
Beja bJlaydepa (1874-1934) «Jomectukanus 6akinaHos B Kurae u fno-
Hun» [1]. MBI UCIIONB3OBAIN CBEJEHUA U3 ITON KHUTH, YTOOLI CPABHUTD
NPEKHUE METOABI MOJAIOTOBKU MOJIOABIX GAKIAHOB C COBPEMEHHBIMU
U BBIACHUTD, KAKME U3MEHEHU IIPOU3OILIN 3a ITocaegHue nouru 90 jer.

* Ha OCHOBE COGPAHHOTO BO BPEMSI SKCIIEIUITUM MATEPUAIA [IOTOTOBICH (PrsibM «Kpbiia-
ThIE PBIOAKK> (pexuccep T.A.O603082), monydusmui B 2015 I IPU3 «3a JIYYIINAN HAYIHO-
TONy/APHBIN (prIbM» Ha 14-M BalKalbCKOM MEKIYHAPOJHOM (DECTUBAIE JOKYMEHTAb-
HBIX M HAYYHO-TONY/IPHBIX (PUIBMOB «HesloBeK W npuposa» nMmeHu B.IPacryruHa
Pbibak c 6aknaHamu Ha p.Jin. (www.baikalkinofest.ru/video/detail. php?ID=147). — Iipumeu. peo.

3pecb u panee orto aBTOpa

© O6030Ba T.A., 2017
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CoBpemeHHOE COCTOAHME TPAAULUK
NoBU PbiGbl C NOMOLWbI0O GaKNaHoOB
B l0ro-BoctouHom Kutae

B Hacrosmee BpeMs 3TA TPAJUIUA TOCTENEHHO UC-
YE34€T, XOTA €IC OCTAIUCH PBIOAKU, KOTOPBIE YMEIO
HCIIONB3YIOT NITUL, 3HAS TOHKOCTHU WX IIOBEJIEHUS,
1 NIePEeaoT 3TU 3HAHUSA U3 IOKOJIEHUS B TOKOJICHUE.
MBbI HE BCTPETUIN HU OJHOIO pblbaKa ¢ OaKIaHAMH,
OTEI, KOTOPOTO HE 3aHUMAJICS OBl 3TUM JICIOM.

B kaxnom pernone IOro-Bocrounoro Kuras pei-
6anka ¢ 6aKIaHAMU UMEET CBOM OCOOEHHOCTHU, YTO
MOJKET BBIPAXKATHCA B KOJIHUUECTBE PBIOAIKUX JO/OK,
NPUHUMAIONUX B HEH y4acTHE, U OCOOEHHOCTAX UX
KOHCTPYKIIUY; B KOJTUYECTBE MTUI] Y KAXKJOT'0 peIOa-
Ka; B CIIOCO6AX OOHAPYXKEHUA U OOTABIUBAHUA yda-
CTKa BOJOEMA, 6OraToro poeloou, u 1.4. Ho CcyTh pbl-
Oanku ¢ 6akIaHAMH, 4 UMEHHO OCOOEHHOCTU WUC-
MMOJIb30BAHUA MOJATOTOBIEHHBIX OAKIAHOB, OCTAIOTCS
HEU3MEHHBIMU.

Ha 03.Batimans 10/jka pbpi6aka ¢ 6akaIaHaMu Opej-
CTaBJIAET COOOW IIABYYUH HACECT: IO MEPUMETPY
Cy[lHA IPUMEPHO B METPE APYT OT JPYyrd paCIOIOXKE-
HBl «IIPUCAJbl» — TOJICTBIE AEPEBAHHBIE MMATKU JJIU-
HOU OKOJIO METPA, HA KAKAOU U3 KOTOPBIX CUAAT I10
JBa 6akaaHa. [ITUIBI XOPOIIO 3HAIOT APYT Jpyra, 1a-
JAT MEXy COO0M, MHOT/IA 3TO CEMENHAA mapa.

Prib6aku eyT K MECTy JIOBA, APYT 34 APYIOM IIPU-
LIEMUBIINCH K TOAKE C MOTOPOM. [IpuOBIB K MECTY J10O-
B4, OHU PAa3bEJUHSAIOTCS, IEPEBA3BIBAIOT OaKIaHAM
IrOpJIO COJOMMHON W CIOHSIOT UX C JIOJKU B BOJAY.
OKa3aJ0Ch, YTO BO BCE BPEMEHA B Pa3HBIX MECTAX

BaknaH c noitmaHHOM pbi6oit. MPOrNOTUTL OH ee He MOXET, TaK
KakK ropsno nepeBs3aHo CONOMOIA.

Kuras, 9T006bl IEPEBA3ATD I'OPIO OAKIAHY, UCIIONb30-
BAJIM PA3JIMYHBIE MATEPUAIBL: COJIOMY, KOHOIUTIO, JIBI-
KO, 6€ueBKY, 0aMOYK, POTAHI U Aaxe XKeae30 [1]. Por-
6aKM HAYMHAIOT JBUTATbCS HA JTOAKAX BCE BMECTE IO
YACOBOW CTPEJIKE, ONMUCHIBASA KPYT IUAMETPOM OKOJIO
50 M. [Tpu 3TOM, 4TOOBI BCIIYIHYTH PBIOY, OHU BpEMS
OT BPEMEHM OBIOT BECIAMHU IO BOJE, CONPOBOXK/AA
3TO BBIKPDHUKAMU. BaKIAHBI IJIBIBYT BJOJIb JIOJOK CTa-
€U, IEPUOANYECKU 3AHBIPUBAS M BBIHBIPUBAA C DBI-
601 unm 6e3 Hee. Korjga ropaoBoit MEmok OakaaHa
HAIIOJIHAETCS PBIOOH, PBIOAK AOCTAET ITUILY U3 BOJBI
C IOMOIIBI0 6AMOYKOBOTO MIECTA UM Ca4YKa C JJIUH-
HOI 6aMOYKOBOU PYUYKOI, 3a0UPAECT yJIOB U CHOBA OT-
IIyCKaeT B BOAY. Takoe KPyroBo€ JBMKECHHUE UIUTCA
0K0J10 4aca. OBGIOBUB OJJUH YYACTOK, PHIOAKU CAKAIOT
ITUL HA JIOAKU U NEPEBO3AT HA JAPYIO€ MECTO. Bech
MPOIECC PACCAKUBAHUA OAKIAHOB 11O MECTAM B JIOI-
Kax 3aHuMaeT He 6osbiie 10 MUH, XOTA IPU 3TOM
KOK/JOMY PBIOAKY HYKHO IIEPEHECTU U3 BOJBI HA OaM-
6ykosBoM mecre csoux 20-25 nrun u3 300, miasato-
MUX BOKPYI. DTO BO3MOXKHO TOJBKO 6JATOAAPs TOMY,
49TO OAKIAHBI, IO CIOBAM PBIOAKOB, XOPOLIO OTINYA-
I0T CBOETO XO34MHA U CBOIO JIOJKY OT JPYrux. [ITUIIEI
OYEHb XOPOIIO MOHUMAIOT, UTO CENYAC UX OYAYT pac-
CAXKUBATH 10 MECTAM M COOUPAIOTCA Y CBOUX JIOJOK,
KaK TOJIbKO 3aKOHYHUJIOCH JIBIKEHUE. B CBOIO 04yepe/p,
PBIOAK 3HAET KAKAYIO U3 CBOUX NTUIL (M OTINYAET UX
OT ocTanbHBIX 300!).

Ha osz.Ilosn (nmunpuHb: Péyiang hu) — KpynHen-
meM B KuTae mpecHOBOAHOM 0O3€p€, PACIOIOKEH-
HOM B NpOBMUHIMU LI3gHCHU (IMHBUHB: JiangxX1), —
pbI6aYaT CEMbAMHU (MYXK M KeHA). [l pRIOAIKN KaXK-
J1ds CEMbA MCIIONB3YET JIBE NOAKUA. Ha MOTOpHOM (TaK
K€, KAK U y ppIOAKOB HA 03.Balmanp) HA IpUcagax
CUZAT 11O 1B 6aKIaHa, Bcero 20—25 ntuil. 32 MOTOP-
HOI HAa OYKCHUPE HUJET MAJIEHbKAA BECENbHASA JTOJKA.
[TpuObIB HA MECTO, PBIOAK IEPEBAZBIBAECT I'OPJIO OAK-
JIAHAM CYXOH COJIOMMHON Ha TPHU Y372 U COPACHIBACT
UX B BOAY. [lajee Ha BECENbHOM JIOAKE OH JABUXKETCHI
IO Y3KOI U HEITYOOKON 03epHOU NpoToke. Conpo-
BOXK/JAIOMIME €TI0 JIOAKY OAKIAHBL JIOBAT PBIOY, PIOAK
JOCTAET UX U3 BOJBI C TIOMOIIBIO HAMOYKOBOTO MIEC-
Ta WK CAYKA C JVIMHHOM 0aMOYKOBOW PYYKOM, 3261-
paeT yl10B U CHOBA 6pocaeT B BoAy. Ecu B mporecce
J10Ba OAKIAH CXBATUII U yJ€psKaJl KPYIHYIO PHIOY (32a-
[JIOTUTb €€ OH HE MOXKET U3-32 PA3Mepa), TO B 3TOM
CHIy4ae MNTHUIY HE JOCTAIOT, 4 NPOCTO 3aXBATHIBAIOT
pBIOY CAYKOM IIPSMO B BOJIE, pplO6AK B3AMEH OO PS-
€T 6AKIAHA MEIKON phIOKOM.

Ppi6anka JIUTCA OKOJO IMECTU—BOCHMHU Y4COB
OIS, C OJHUM HEOOIBIIUM IIEPEPHIBOM /IS IIEPE-
€371a B HOBOE MeCTO. ITocne ee OKOHYAHUS YIOB U3
BECEIBHON JIOJKU MEPEKNIAJBIBAIOT B MOTOPHYIO.
[TTunam pasBA3bIBAIOT TOPJO, KOPMAT UX MEJIKOU
pBIOOIT U3 BECEIBHOU JIOJKHU, IIOCIE YETO PACCAKU-
BAIOT IO MPUCA/LAM.

Pri6asika B 060UX PETMOHAX IPOBOJUTCH KPYIJIO-
TOZIMYHO, C HEOOJIBIIUMU OCOOEHHOCTAMU B OKTSAOpE
1 HOSA6pE. B aTH MecA1bl OAKIAHBI IUHAIOT, U IO3TO-
My NTHIIAM HE TEPEBA3BIBAIOT TOPJIO — BECH YIOB
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MO3BOJIAIOT CBHECTD, 34 HUCKIIOYE-
HUEM KPYIHOHM PBHIOBE], KOTOPYIO
OHH HE MOTYT NIPOIJIOTUTS.

Ha p.JIu (nuHbUHB: Lijiang),
OJJHOTO M3 OCHOBHBIX HCTOKOB
p.Cuu3aH (IMHBUHB: X1 jiang), pbl-
60JIOBHOTI'O IPOMBIC/IA C OAKIAHA-
MU KaK TAKOBOTO YK€ HET. PrI6a-
KM 32pabaThIBAIOT TEM, 4TO (POTO-
rpaupyoT TYPUCTOB € NTUI[AMU
WIN CAMU TMO3UPYIOT A1t (HOTO-
rpagos. Mexay tem, OyJydu mo-
TOMCTBEHHBIMHM PBIOAKAMHU, OHU
NIPEKPACHO 3HAIOT OCOBEHHOCTHU
MOBE/JICHUS U TPEHUPOBKU 6aKJIA-
HOB, KOTOpBIE NEPEAATU UM HX
POJUTEIN.

B TeueHue cronetruil 6aKIaHOB
B Kurae passogunu B nesoJse. 13-

BECTHO, YTO (PEpMBI IO BBIPAU-
BAHHUIO 3TUX ITHUI] CYI[ECTBOBAIU
c 1848 r. [1]. OpHa Takas depma
pacronaranrace B 30-40 KM OT
HIauxas [1]. PadmMHOXEHUE OAKIAHOB B HEBOJIE NIPU-
BEJIO K (POPMUPOBAHUIO OCOOOI JOMECTUIIUPOBAH-
HOM nmonymnsanuu. B Helt 6aKIaHbl OTINYAIOTCS OT CBO-
UX JUKUX COPOANYEN OCOOEHHOCTAMU IIOBEIECHUS,
(pusnosorun U OKpacku. Tak, B HACTOSIIEE BPEMs
y ppr6akoB Ha 03.ITofgH 1 Ha p.JIu BCTpeUyaoTcs a6¢o-
JIOTHO Oeible GaxiaHbl. HaM J0BEIOCh BUJETH CPA3y
YeThIPEX OENBIX NTHUIL C HEOOJBIIUM KOJUYECTBOM
YEPHBIX MATEH HA j1anax. [To cjioBaM prIOAKOB, HA CTO
YEPHBIX IITUI] POXKIAETCA OJJHA Oenas.

BaknaHbl Ha npucagax B ppi6onoBeLKoil Noake Ha 03.MosH.

YTO KacaeTcsa BAUAHNAA JJOMECTUKAUN HA (DPU3UO-
JIOTHIO TITUIIBL, TO 3TO U3MEHEHUA B IIEPEHOCUMOCTH
XOIOJa Y MOJOJBIX ITHIl U HU3MEHEHUA PA3MEPOB
B3POCHIBIX CaAMOK. IIOYTH BEK HA3aJ JOMECTUIIUPO-
BAHHBIE CAMKM OaKIaHAa OBUIM HEMHOI'O MEHBIIE H,
CIeJOBATENBHO, C1abee CAMIIOB, OHU CTOUJIH JEIIEB-
JIE ¥ MOKYNAINCh MeHee 0XOTHO [1]. Cervyac caMiibl
Y CAMKH PA3MEPAMH HE PABIUYAIOTCA U CTOAT OJIUHA-
KoBO (0T 200 gomu. CHIA u 6osee 3a ntuny). Beposr-
HO, B IIOCJIEJHUE JECATUIETUS HA (PEPMAX B PA3MHO-

BykcupoBka nofok ¢ 6aknaHamu K MecTy pbibanku Ha 03.BaliwaHb.
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Knaccuueckas peibonoBelkas nofka Ha 03.MosH. baknaHbl UBYT Ha Heil NOCTOSHHO, OCTABAsACh HA NpUCaaax.

JKEHUE NYCKAIU NPEUMYIIECTBEHHO 60JIe€ KPYIHBIX
CaMOK, 4TOOBI JOOUTLCH YBEIUUEHU UX pa3Mepa u,
KaK CIEJCTBUE, LIEHBDI.

PpI6aKH YBEPAIOT, UTO MOJIOJBIE, 1O TOMYTOAA, IITHU-
LBl MEP3HYT B BOJE, U IIOITOMY OHM HAYMHAIOT IIyC-
KaTb MOJIOJBIX OaKJIAHOB B BOJY HAJOJITO TOJIBKO
¢ 3TOro Bo3pacTta. Toraa OHM HAYMHAIOT PBIOAYUTD
BMECTE CO B3POCJIBIMHU NTUIIAMH. B IPOTUBOMONOXK-
HOCTb 3TOMY, AMKHE MOJOJblE OAKIAHBI MOKUJAIOT
CBOM T'HE3/IA B BO3PACTE IMOJIYTOPA MECALEB U CPa3y
HA4YHUHAIOT CAMOCTOSTENBHO JOOBIBATh C€6€ KOPM IIpU
TeMmneparype Boabl gaxe B 4°C. Bo3MOXHO, y foMall-
HHUX 0AKIAHOB TaKas CIIOCOOHOCTD K XOJOJOBOM a1~
Taluy ObLIA YTEPSAHA.

3HAYUTENbHBIE U3MEHEHNA IPOU3ONLIN U B IIOBE-
JEHUN OJIOMAIMIHEHHBIX 6AKIAHOB. [10 c10BaM phiba-
KOB, IOMaNIHKAE OAKIAHBI, B OTJUYME OT JUKUX, HE
KJIIOIOTCA. A Ha BOTIIPOC, 3aJaHHBIN ppiOakaM: «Iloue-
My BBI IIOKyIaeTe OaKJIaHOB Ha (pepMe, a HE Hepere
NTEHIOB WX ANIlA U3 THE3A AUKUX NTHUL>, OHU OT-
BEUAIN TAK: «BBI XK€, KOIla XOTUTE 3aBECTU COOAKY,
6epere MmeHKd U3 MUTOMHHKA, 4 HE UJETE B JIEC, YTO-
6Bl B3ATh BOJIYOHKA U3 JIOTOBA>.

Ha 03.Baitmanp HEKOTOPBIE PBIOAKU CAMOCTOSI-
TEJLHO BBHIPAMMUBAIOT NTEHI[OB 6aKaaHa (TTIOJYYEHHBIX
OT CBOMUX PAOOYMX ITHULL), IPYTUE NPEAIOYUTAIOT 110-
KyaTb YK€ MOJPOCIIUX U TPEHUPOBAHHBIX NTHUI] HA
¢epme. Ha o3.IToaH, kak 1 HA p.JIu, HU O/jHA pbIOAIIKAA

CEMbs HE 3aHUMAETCA CAMOCTOSTENBHBIM PA3BECHU-
eM 6aknaHoB. OHM NMOKYNAIOT UX HAa (pepMe HA 03.Baii-
maHb. E€ XO31H MO3HAKOMUI HAC CO BCEMU CTAAUAMU
BBIPAIUBAHUA U TPEHUPOBKU MOJIOABIX OAKIAHOB OT
MOMEHTA UX BBUIYIUIEHUS /IO Ha4ajJa UCIOJIb30BaAHUS
B Ka4ECTBE JIOBUMUX INTHUII, T.€. 0 IIECTUMECIIYHOIO
BO3pacTa. Bupnmo, B HACTOAIIEE BPEMS NIPOLIECC TPeE-
HUPOBKHU IITUL] IPOUCXOAUT OBICTPEE, UeM paHble [1].

JTanbl BblpaWMBaHUA
M TPEHUPOBKMN MOJIOAbIX OaKNaHOB

OCHOBBIBASICh HA JINYHBIX H.?l6J'IIOLICHI/I$IX7 CBCIOCHUAX,
MOJYYEHHBIX OT XO3fMHA (PEPMBI, U HA PE3YNBTATAX
Onpoca PEIOAKOB, MOITANHO NPOIECC BHIPAMUBAHUA
M TPEHUPOBKM MOJIOJBIX GAKIAHOB MOKHO OINHCATDb
CIEAYIOMUM 06pa30oM.

B mapre B3pocible 6aKIaHbl TOKYIOT, CTPOSIT THE3-
Jd ¥ OTKJIAJBIBAIOT A4 (B CPEJHEM KJIAZKA COCTOUT
13 4eThlpex Aul). Kak u Bex Ha3aj, y 6AKJIaHOB 320U-
PAIOT KIAAKY, KOTOPYIO HACHKUBAET KyPHILA.

Kak TOJBKO IITEHIIbI BBUIYILIAIOTCS, UX 3A0UpaAIOT
OT KYPHLBI U /1aJI€€ BBIKAPMJIUBAIOT XKUJKOHU Kallu-
e U3 peIOBI II060T0 BUAA, KOTOPYIO TOTOBAT HEIO-
CPEANCTBEHHO IIEPEN UCIOAb30BaHUEM. IlepBoe, UTO
BHUIHWT IITCHCI] 621}(]121Ha, OTKPBIB B MATUAHCBHOM BO3-
pacre rmasa, — Jenopek. [IpONCXOAUT 3amedaTIeHue
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OTUIEH OOJMKA dYejoBeKa. Tak
pBIOAKM OOGUBAIOTCA «IIPUBI3AH-
HOCTH» OT 6aKJIaHOB, KOTOpPBIE
BIIOCJIEACTBUU OYAYT BCErja Clie-
JIOBATb 32 HUMU U UX JIOJKOM.

Ha ¢epme nreHuos 6axnaHa
KOPMST /1BA pA34 B JICHD: B 8 U yTpa
1 OKOJIO 3 4 HA. [0 IBYXHE/E/b-
HOTI'O BO3pacCTa MNTEHIBl CUAAT
B KOPOOKAX, I'/le UX HPUKPBIBAIOT
TPANKON A4 NOAAEPKAHUA TO-
CTOSAHHOTO Teruia. /lajee nNTeHI0B
NIEPECAKNUBAIOT HA CHELUATbHDIN
IOMOCT (IIpUMEPHO 3 X 1 M) BO
ABOpE, MOAHATHIN Ha 50 CM Haj
ypoBHEM 3eMsd. Ha 3TOM momocTe
MITEHIIBI CHU/ST BCE BMECTE [0
1-1.5-Meca4YHOTO BO3pPACTd, BHI-
[IpAmuUBas €]y y MUMO NIPOXO/s-
IUX JIOJICH. 3aredaTJeHUuEe 4elo-
BEKA U PYYHOE BBIKAPMJIMBAHUE —

3TO MEPBBIM IMar, HEOOXOAUMBII
IJIT TOTO, YTOOBI TOATOTOBUTH
6akaaHa K JalpHeHmen pabore
C JIIOJIbMU.

JMUHHBIN 6aMOYKOBBIN MECT — HE3AMEHUMOE
opyaue ppib6aka, C MIOMOIIBI0 KOTOPOTO OH POBOJUT
MHOTHE MAHUNYAALUU C OGAKIAHAMU: MEPEHOCUT
NTHUL U3 BOJBI B JIOLKY BO BPEMs PBIOAJIKU U pacca-
JKABAET IO MECTAM HA IPUCAZAX MOCJIE €€ OKOHYA-
HUS. VIHOT/IA /i1 3TOTO OH HCIIOJB3YET KPIOYOK Ha
KOHIIE 6aMOYKOBOM MaJKH, KOTOPBIM 34XBAaThIBAET
BEPEBKY, NPUBA3AHHYIO K JAIl€ KaXJOrO OaKIaHa,
1 MIOMOTA€ET €MY BBIOPATHCA U3 BOJBL, €CJIU TOT yIall
BO BpEMs JIBUKECHUSA JTOJKH, U T.J1. BaMOyKOBBII 1meCT
BO BCE BPEMEHA UCIIOJb30BANCA KAK CAMUMHU pPbIOA-
KAMH, TAK U TEMHU, KTO TPEHUPYET 6AKIAHOB HA Pep-
Max nepep npojaxke. I[Iporecc npuydeHus NTEHI[OB
6ak1aHa K 6aMOYKOBOMY HMIECTY HAUMHAETCS B IIOJY-
TOPAMECSAUYHOM BO3PACTE, KOTJA Y HUX YXKE OKPEIIN
nansl. [ITEHIIOB MEPECAKUBAIOT C TOMOCTA HA CIIEIH-
A7IbHO CKOHCTPYMPOBAHHBIA «HACECT>» N3 6aMOYKO-
BBIX IAJIOK, PACIIOJIOXKEHHBIM HA BbICOTE 20 CM HaJ
MIOBEPXHOCTBIO 03€pa, HEJJANEKO OT 6epera, u Mpu-
BA3BIBAIOT KOPOTKON (He 6osiee 50 cM) BEPEBKOU 32
namny. JJo mMeCTUMECAYHOIO BO3PACTd NTEHUBI OYAYT
CHUJIETh HA NIPUBA3U HA 6AMOYKOBBIX NPHUCAAaX. YTO-
Obl HAKOPMHUTb ITHI], UX OTBA3BIBAIOT, MOJHOCAT
K €EMKOCTHU C PBIOOI U 33aKJI3/IbIBAIOT UM B FOPJIO, MO-
CJIe 3TOTr0 UX MOAT U BO3BPAIMAIOT HA HacecT. Ecinu
6aKJIaH yIajl C NAJIKUA B BOAY, €AUHCTBEHHAS «CYIIa»,
Ha KOTOPYIO OH MOKET BBIIE3THU, — ITO Ta K€ HaMOy-
KOBas Manka. HUKaKoro CnenuajbHOro 00y4yeHnus He
Tpedyercsa. CO BpeMEHEM O4KJIAH INPUBBLIKAET, U,
32 OTCYTCTBUEM BBIOOPA, JOBONBHO TOHKAS U HE-
yno6HasA 4 NOCTOSHHOTO HAXOXACHUS HA HEH
6aMOYKOBas MalIKa CTAHOBUTCA U3MIOOIEHHBIM MEC-
TOM, «€JUHCTBEHHO CyLIEll», I'1€ OH C YIOBOJbCTBU-
€M CHJIUT YaCAMHU U Ky/Id 3AJIE3A€ET, KOT/Ja EMY €€ TIPO-
TATUBACT XO35UH. [locie 6-MeCIIHOTO BO3PaCTa Phi-

Pbibak goctaet U3 Boabl 6aknaHa ¢ ynoBoM Ha 03.llosH. Pbiby Heobxoaumo 3abpaTb
y NTULbI, NPEXAE YEM CHOBA OTNYCTUTL €€ B BOAY.

04KM HA 03.Baiimanp NpoJO/IKAIOT AEPKATD IITUL] HA
HACECTAX U3 6AaMOYKOBBIX HAJOK B TO BpEMs, KOI/a
OHHM He pbi6auar. Pei6éaku Ha 03.IT0AH OCTABIAIOT
ITHUI] HA NPHUCAJAX B MOTOPHBIX JIOJKAX, I/I€ T€ Ha-
XOAATCA 11O 17 4 moApAz.

OJHaKO ycnex paboTel 6aKIaHd B KAYECTBE JIOB-
Yey MNTUIBI 3ABUCUT HE TOJBKO OT CIIOCOOHOCTH OT-
JINYATD OT JIPYTUX JTOAKY U CBOETO XO35UHA, 32J1€34Th
O €ro TpebOBAHUIO HA GAMOYKOBBII mIECT. B mpo-
1ecce HabIoJeHN 32 XOJOM PBIOATKA MOHUMAENID,
YTO €CTb MHOI'O ¢«HE3HAYUTEIbHBIX» JE€TANEMN, BHI-
MOJTHEHUE KOTOPBIX ONPEJAENAET YCIEX U COIIACO-
BAHHOCTD JEHCTBUI ppI6aka u ero 20—25 TpeHUpo-
BAHHBIX NTHUL. Hanpumep, 6akJaHbl JOKHBI 3HATD,
B KAKOW MOMEHT U KyJja IJIBITh, I/I€ UCKATh HaUbOIEe
PBIOGHOE MECTO, KAK «HE MEMATh>» paboTe COpondeH
U B TO K€ BPEMSA B3aUMOJEUCTBOBATh C HUMHU U T.J.
Kak Hay4uTb NOTHUI BCEM 3TUM MHOTOYUCICHHBIM
1 CPABHUTEIBHO MEJIKUM JIeTANAM? [IJ1s1 3TOTO phIOa-
KH MUCHOJb3YIOT B KAUECTBE YUYUTEJIEH B3POCIBIX
U yKE€ TPDEHUPOBAHHBIX NTUL. OHU FOBOPAT TAK: «MBI
He 00y4aeM MOJOABIX NTUIl HUYeMY. OHM y4aTCA Ca-
My, Ha6M0/ad 324 MOBEJLEHUEM B3POCHIBIX COPOJH-
4yeH. DTO HAIOMHUHAET TO, KAK JAETH OOYy4aloTCs, MO-
BTOPSA 32 B3POCALIMHU. YTO-TO BPOJE NEPEJAUU OIIBI-
Ta U3 NOKOJEHHUA B MOKOJEHHUE». Takoe obyueHue,
KOTOpO€ 0603HAYAETCA TEPMHUHOM «observational
learning», HAYMHAETCA C TOTO, YTO C ABYXHEENBHO-
IO BO3PACTd NTEHIOB 6aKIaHa 6€pyT Ha PBIOAIKY
BMECTE C B3POCJHBIMH NTHULIAMHU. B 3TOM BO3pacre
y ITEHIIOB €Ile HE OKPEIUIM Jalbl, © OHU HE MOTYT
CaMOCTOSITENIBHO, KaK B3POCJbIE NTHUIIB, CHJETb
B JIOJKE HA mpucazge. [Ind TPaHCIOPTUPOBKU NTEH-
LIOB MU3TOTABIUBAIOT CIELIUAJbHBIE BMECTUTEIBHBIE
KOP3UHBI C KPBIMIKOH, NMPENOXPAHAONUE UX OT IIE-
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Pbibak 03.MosH nomoraer nTuue nonacTtb B NOAKY, NOACTABNAA

perpesa Ha conHIle. Takue KOP3UHBI C TPEMS-4ye-
TBIPbMSI NTEHI[AMU IPHUBA3BIBAIOT K KOPME JIOJKH.
Bapocaelie nTuiiel ppr6avar, a NTEHIB HA0II0JA10T 32
BCEM NPOUCXOAAMIUM U3 KOP3UH, B KOTOPBIX UX BO-
34T O TPEXMECAYHOro Bozpacra. Korpa onu cno-
COOHBI VK€ CAMOCTOATENBHO YEPKUBATHCSA HA IPU-
Cajie B JIOJKE, KOP3UHBI YOUPAIOT, U MOJIOJbIE€ TITUILI
NPOJAOJKAIOT HAOMIOAATh 34 JEHUCTBUSAMU pbIOAKA
1 CBOUX B3POCHBIX COPOAUYEN C JTOAKU. B PHIOHOM
[IPOMBICJIE OAKAAHBl HAYMHAIOT Y4aCTBOBATh C IIEC-
TUMECAYHOrO BO3pacra u nepecraior B 11 ner. Ux

Puibak ¢ monoabiM 6aknaHamu Ha 03.Bawans.

el B BOLY LiecT.

npoAatoT poTorpadaM U UCHONb3YIOT /IS TOCTAHO-
BOYHOM CbEMKH C TypUCTaMu Ha p.JIn.

CyleCTBYET YIOMHMHAHHUE O TOM, YTO OOydyeHHE
MOJIOJBIX OAKJIAHOB IIPOXOAUT OBICTPEE, €CJIU B HEM
Y4aCTBYIOT B3POCJBIE NTUIIBL. [JaHO OHO B paMKax
ONMCAHUA NPOIECCa OOYUEHUS OAKIAHOB IPUXOJUTD
Ha CBUCT PBIOAKA (YErO B HACTOSIIEE BPEMS MBI HE
BcTpevanu). Takum ob6pa3om, OOyIEHHE NIYTEM Ha-
6mogenus «learning observationally» — He TOJBKO
TEM4, KOTOpAs MHTEPECYET UCCIAENOBATENEH [2], 3TO
NPAKTUYECKUHN TIPUEM, KOTOPBIN peib6aku Kurtasg uc-
MIOJB3YIOT COTHU JIET I TPEHU-
POBKHM JTIOBUMX 6aKIAHOB. [Ipupos-
Hasg HAOMIOAATENBHOCTD U 3HAHUA
O TOM, KaK TOTOBUTb OAKIAHOB
K JIOBJIE PBIOBI, IEPEAIOTCS U3 10-
KOJIEHHA B IIOKOJIEHUE B CEMBAX
pPBIOAKOB U IMO3BOJAIOT UM yMe-
JIO MAHUINYIUPOBATbL TMOBEJECHU-
€M 3THX NTHUll. BOo-nepBbIX, prIHa-
KM HUCIOJNB3YIOT IOTOMCTBO IITHII,
pPa3BOAMMBIX Ha (pepMax U Ipo-
MIEIIMUX Ty UJIN UHYIO CTEIEHb OT-
60pa MO TMOJIE3HBIM [JI YEIOBEKA
npusHakam. CKOpee BCEro, MTUILBI
ATPECCUBHBIE, MYTJIMBBIE U CIA0BIE
IIPOCTO BBIOPAKOBLIBAJINCH, 4 B PA3-
MHOKEHUHN UCTIOIb30BAIUCH TOJb-
KO KpEINKHE, CIOKONHBIE U XOPO-
mo oby4yaemble ocob6u. Bo-BTO-
pBIX, NTEHIIOB COAEPXKAT B H30-
JALHUU OT COPOJUYEN, BEIKAPMIIN-
BAIOT MX JIIOJAW, U, KOTAd ITEHIIBI
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PbiGaku ¢ 6aknaHamu Ha 03.Baiiwanb. Ha 3agHeM nnaHe GaknaHbl Ha CBOUX NpuUcagax npsamo B o3epe.

OTKPBIBAIOT TJ1434, OHU BUJAAT UMEHHO 4YE€JOBEKA.
B 3TOT mepnoj NMpOMCXOAUT 3amedaTieHne obpasa,
4 3aII€YATIEBAETCH YENOBEK, UTO BIOCIENCTBUU «JIO-
MAa€T» 4aCTh HOPMAJIBHOI'O BUIOBOTO PENEPTYAPa MO-
BEJICHUS MOJIOAOTO OAK/IAHA U BIUAET HA CAMOUJICH-
TU(PUKAUIO (TENEPh NTUIA YACTUYHO «OTHOCUT Ce-
651> K pOJly 4eJIOBEUECKOMY). B-TpeThuX, Kak U3BECT-
HO, B PAHHEM OHTOTIE€HE3€ XKUBOTHBIX MPOUCXOJUT
BBIPAO6OTKA MHOTOUYMCJIECHHBIX YCJIOBHBIX PE(ICKCOB,
HAIIPABJIEHHBIX HA ONTUMAaJbHOE IPUCHOCOb6IEHNE
0COOM K KM3HU B OKPYXKAIOIIECH €€ OOCTAHOBKE. DTO
K€ MPOUCXOAUT Y MOJOABIX 6AKJIAHOB HA (epMme.
TOJNBKO BBIPA6GATHIBAIOTCSA MPEUMYIIECTBEHHO YCIOB-
HblE Pe(JIEKCH], TTONEZHBIE I YENOBEKA: Y3HABAHUE
XO35MHA, CBOEN JIOJKU U IITUILL U3 CBOEU I'PYIIIIBI, YME-
HHE PA6OTATh B KOMAH/IE, JE€PKATHCA HA MIECTE, HAXO-
JUTbCA OM3KO K JIOAKE, KOTJA IOPJOBOM MEIIOK Ha-
MIOJHEH PBIOOH, U T.1. I mocneiHee: OIUH U3 BAXKHEN-
MHUX MPOLLECCOB HOPMAIbHOI'O OHTOTEHE3d — 3TO
OOy4eHHE IyTEM HAOMIOJEHUA 34 TOBEJEHUEM CBOUX

copoauuent [2]. Monojele ocobu, HabmI0Aas 32 IOBE-
JIEHUEM B3POC/BIX NTUL], NIEPEHUMAIOT UX OMNBIT. DTO
MO3BOJISIET UM «HE HACTYIATh HA T€ XKe rpabian» U BeC-
TH Cce0s1 AJEKBATHO B KOHKPETHOU Cpele OOUTAHUA.
MexaHu3M TaKOro OOYYEHMS HCIOJb3YIOT PBIOAKH,
YTOOB NPUBUTH MOJIOJIBIM BCE IOJE3HBIE HABBIKU
B3POCJIBIX NITHL], YKE OOYIEHHBIX BCEM HIOAHCAM PBIO-
HOTO NPOMBICTA. [IJI1 3TOTO OHU MPOCTO BBIBO3AT MO-
JIOABIX, €Ie HE OOYYEHHBIX IITHI] HA PBIOATIKY BMECTE
CO B3POCIBIMU. PrI6aKM HE TO3BONAIOT ITEHIIAM PBhI-
6a4YnTb, UX JIEJIO IPOCTO HAGIIOATb.

TakuMm 006pa3oM, BEChb 3TOT AOCTATOYHO CIIOX-
HBIH U XOPOIIO OTPA6OTAHHBIN MEXAHU3M TPAJUIU-
OHHOTO NPOMBICIA 0A3UPYETCA HA IMIUPUYECKUX
3HAHMUAX O NOBEAEHUU U KOTHUTUBHBIX CIIOCOOHOC-
TAX NTUL. OTU 3HAHUA, KOTOPBIE PBIOAKU HAKAIIIU-
BAJIN C JJPEBHEUIINX BPEMEH, MOJHOCTBIO COOTBET-
CTBYIOT IIPE/ICTABIECHUAM COBPEMEHHOU HAYKU O Me-
XaHU3MAX (POPMUPOBAHUSA MOBEJEHUSI B MPOLECCE
OHTOTEHE3A. W

Pa6oTa BeImOJIHEHA B pamMKax TeMbsl HUP «HeripoOHOJIOTHYECKHE H HH(POPMAIHOHHBIE OCHOBHI IIOBE/IE-
HUA U QYHKIMH CEHCOPHBIX cucTeM> (NeNAAA-A16-116021660055-1).
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1. Laufer B. The Domestication of the Cormorant in China and Japan. Chicago. 1931. D0i:10.5962 /bhl.title.3274.
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DYAbrypumali:
«g@Bmorpagbl MOAHUU »
B Nec4aHblIX gHoHAax dkymuu

Monnua ynpaseasem 6cemu 6euyamu.
Tepaxknut ddecckunn

A ATananuH, B AIlumkos, U.B.Knumosa

Npeapaymen craroe B «Ilpu-

pojae>* MBI PACCKA3BIBAIU

O TYKYJIaHaX — VAUBUTEIIb-
HBIX IIECYAHBIX TaHAmadTax Ien-
TPaIbHOU KyTUH. DTO OIPDOMHBIE
MA4CCHUBBl Pa3BEBAEMBIX IECKOB,
MIOXOXKME HA HACTOANMUE IyCTBIHU
U MHUPOKO PACHPOCTPAHEHHBIE
B JIOJIMHAX KPYIHBIX CUOUPCKUX
pek. Ha ux moBepxXHOCTHU MOKHO
BCTPETUTDL OENOCHEKHBIE JIOHHI,
KOTJTOBUHBI BBIAYBAHUA, OYIpHI,
I'PUBBI 1 MHOXECTBO JIPYTUX J0JI0-
BBIX (POPM.

OfUH U3 TAKUX TYKYJIaHOB —
KbICpl1-CBIpCKUIT — HMMEET KPYII-
HOE (IPOTSKEHHOCTBIO 2.5 KM) €C-
TECTBEHHOE OOHAXEHUE B OOPBIBE
p.Buiioil, B KOTOPOM 3ameyaricHa
HUCTOPHUS €ro (POPMUPOBAHUSA. MBI
HEOJHOKPATHO MOCEMAINA 3TOT
paspes, U 10 MaTepuagaM Paguo-
YIJIEPOJHOTO, CIOPOBO-TIBUIBIIEBO-
IO U APYIUX AHAJIU30B HAM YJd-
JIOCh BBIIEJIUTH OCHOBHBIE CTA[IUHU
(GopMUpOBAHUA TYKyJIaHA U pe-
KOHCTPYUPOBATH ITANBI PA3BUTHUS
PACTUTENBHOCTHU B IOJTMHE HUKHE-
I'o TeYyeHus Bumod.

SKyTCKHE TYKyJIaHBI (DOPMUPY-
I0TCA K4K B NPEJAEIAX PEYHBIX [0-
JIMH, TaK U Ha BOJOPAa3/EIbHBIX
NPOCTPAHCTBAX BCIEJCTBUE 30J0-
BOU mnepepaboTKu — MEpPEBEUBA-
HHUS U MONUPOBKU — CAMBIX Pa3-

\ Anexceil Aaexcanoposuu I'aranun, 00k-
mop 2eozpaduneckux HAyK, PYKo8OOUMENLL
anabopamopuu paouoy2nrepoorHozo andalll-
3a Hncmumyma mep3nomoeederus uUmMeHu
I1.U.Menvrurxoea CO PAH, npogeccop xkageo-
Dbl pe2uonansvroil 2eon02uu U 2e0UHPopMa-
muxu Cegepo-Bocmounozo ¢peoepanbrozo
ynusepcumema umenu M.KAmmocosa. O6-
AACMb HAYUHbIX UHINEPeCcO8 — 2e0MOpPFPhOo0-
2ua u naneozeozpapus uemeepmuuHo20 ne-
puooa, paouoyznepoornoe damuposarie.

Bacuauii Anexcanopoéuu Illuwmxos, xar-
ouoam 6U002UMeCKUX HAYK, CMAPULILLL HaA)Y -
HbLLL COMPYOHUK OmOend 2e02paPuil u 360110~
yuu nous Mncmumyma 2eoepagduu PAH. Ha-
YuHble UHMepPecs. CA3AHbL C MUKPOMOPPONO0-
2uell nous, INeKMPoOHHOU MUKPOCKONUEL, Da-
0u0yenePoOHbIM OAMUDOBAHUEM.

Hpuna Bumanveena Kaumoea, 6eoyuuil
uwnICcenep nabopamopun oobuseli 2e0KPUono-
euu Uucmumyma mep3nomogedenus umer
.U Menvruxosa CO PAH. 3anumaemcs um-
MePCUOHHBIM MUHEDATLO2UMCCKUM AHATUSOM.

* Jananun AA, Ilaenosa M.P, Illanowru-
xo6 I'H, Jloumkur B.M. TykynaHer: necya-

Hele nycTeiHY SIkyrun // Ipupozpa. 2016. .
Nell.C44-55. KirroueBsie c10Ba: (PyJIbIypUTHL, SIKYTHS, TYKY/IaHbI, S0JI0BbIE OTIOKEHUS, OPTIITECHHBI,
MTOYBEHHBIE KOHKPEIINL.
© Tanmanun AA., lIumkos B.A., Key words: fulgurite, Yakutia, tukulans, acolian deposits, soil concretions.
Knumosa U.B., 2017
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JUYHBIX HCXOJHBIX OTJIOXCHUH.
B 1oMMHAX 3TO NPEUMYIIECTBEHHO
YETBEPTUUYHBIE PYCIOBBIE U MOM-
MEHHBIE OTJIOKEHUSA, A TAKKE JIE]-
HHUKOBBIE BAJYHHO-CYTJIMHUCTBIE
MOpeHBL. Ha Bogopasnenax — poix-
JBle KOPBI BBIBETPUBAHHUA Oojee
JIPEBHUX OOPa30BaHUIL JJOUETBEP-
TUYHOT'O BO3PACTd, B TOM YUCIE
ME300NCKUX IIE€CYAHUKOB U KOH-
[JIOMEPATOB. MeNKue 4acTulbl —
IBUIb U CYTJIMHOK — JIETKO C/1yBa-
IOTCSL C MOBEPXHOCTHU U IIEPEHO-
CATCSL Ha OOJBIIOE PACCTOSHUE.
Bonee KpynmHblii Marepuan — Cy-
IIeChb U IECOK — JBUTAETCA MEJ-
sneHHo. Ilog maBreHUEM HOPLIBOB
BETPA KPYIHbIE IECYUHKU IIEPEME-
MAIOTCA MyTEM CajlbTaliuid — He-
OOIPMIUX IPBIKKOB HA 20-30 cMm.
[TpeIraromue NeCYNHKN OPraHu3y-
I0TCA B AIOHBI PA3JTUYHOTIO IOPSJ-
K4, MEJUIEHHO MOJI3YIINUE B HANPAB-
JIEHUHU I'OCIO/ICTBYIOIUX BETPOB.

CaMmble KPYIHBIE U TSAXKEJIbIE
YACTUIIB — 3€PHA TSUKEJIBIX MUHE-
paynoB, rpaBuy, mebOeHb, I'aIbKa,
BAJIYHBI, KOCTH JKUBOTHBIX — HAKAIIMBAIOTCSA HA IO-
BEPXHOCTHU B TAK HA3BIBAEMBIX KOTJIOBHMHAX BBIJYBa-
HHUA U UMEHYIOTCA BETPOBBIM 3JIIOBUEM.

B KOTJIOBMHAX 4aCTO OOHAPYKUBAKTCA CAMBIE
pa3IUYHBIE NPEIMEThl COBPEMEHHON IIMBUJIMN3A-
UM — OXOTHHUYBM IIYJIH, I'BO3/U, T'AWKH, OCKOJIKU
crekaa. HOTA pAJOM C HUMU JIEXKAT CBUETENbCTBA
COBEPHIEHHO MHOT'O MHMPAa — KAMEHHBIE HYKJIEYCHI,
OTHIENBI, OOCUANAHOBBIE HOXKEBUJHBIE IIACTUHKH,
HAKOHEYHUKHU CTPEJL.

3aragoyHble necyaHble Tpy6Ku

B nione 2014 r. yxe JOCTATOYHO XOPOIIO U3y4YEHHBIN
KpichI-CBIPCKUI TYKYJIAH IIPENOAHEC HAM HECKOJIb-
KO CIOpIpU30B. M OJJHUM M3 HUX CTAIU MHOTI'OYMC-
JIEHHBIE CKOIIEHUA (QYJIbIYPUTOB* — YHUKAIbHBIX
NPUPOJHBIX 06PA30BAHNUH, BOSHUKAIOMUX DU yaape
MOJIHUI B I'PYHT. PyIbIyPUTH 0OPA3YIOTCA OOBIYHO
B PBIXJIBIX, PEXE B IUIOTHBIX TOPHBIX MOpofAax [1].
OHHU (POPMUPYIOTCS IIPU OUEHD BBICOKUX TEMIIEPATY-
pax, JOCTUTAIOMUX HECKOJBKUX TBICAY I'PALYCOB IO
LlenpCcuio, UMEIOT TPyOUuaTyl0, KOPHEBUJHYIO WU
KaIZIEBUAHYIO (DOPMY M CaAMBIE PA3HBIE PA3MEPBHI.
[Ipy pacmaaBAEHUH CKAJBHBIX IOPOJ O6DPA3YIOTCA
nempo@dynveypumot, PLIXIbIX — KIACMOPYAb2YPU-
moi. B mocineanee BpeMa OOHAPYKEHB (Pumopyinzy-
pumaot, GOpMUPYIOIUECA TIPU yAPE MOJIHUNA B Opra-
HUYECKUE MATEPUAIBI U COCTOAIINE U3 CIIEIU(pUIEC-

* CI10BO (PY/IBIYPUT IPOUCKOAMT OT JIATUHCKOTO fulgur, 4To 03Ha-
YACT «yIAp MOJIHUM>.

BetpoBoit antoBuit. Menkunin, 0TNONMPOBAHHbLIA BETPOM rpaBuil Ha NOBEPXHOCTMU KOT-
NOBUHBI BblAYyBaHMUA.

3pecb 1 panee poto A.A.fTanaHnHa

erMHeBbIVI HAaKOHEYHUK CTpenbl N03AHEHEONNUTUYECKOrO TUNa.

KpynHo3epHUCTbIA Genblit hynbryput, HailAeHHbI Ha NOBEpPX-
HOCTU KOTNOBUHbI BbifyBaHua Kbicbin-Cbipckoro Tykynawa.
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ToHKO3epHUcTas Genas dynbryputoBas Tpy6Ka AANHON OKONO
0.5 M B eCTeCTBEHHOM 3ajeraHuu.

KU CTPYKTYPUPOBAHHOTO yIyepoja [2]. B ux cocrase
IIPUCYTCTBYET MHOI'O dMMHOKHUCJIOT U APYIUX BBICO-
KOMOJIEKYJIAPHBIX OPTAHUYECKUX COEAUHEHUI.
Haxonku QynabI'ypuTOB BECbMA PEJKH, MO3TOMY
MHOI'ME JIIOJW UX HUKOTJA HE BUJACIU U IIOYTHU HUYETO
O HUX He CIbpmany. TeM He MeHee (DYIBIYPUTHL — «dB-
TOrpadbl MOMHUM»>, «4EPTOBBI MAJIbLBI> — H3BECTHBI
¢ IyOOKOH APEBHOCTU. X OOHAPYKUBAIU B MYCTHI-
Hax xxurenu Jpesnero Erumrra, llymepa u Meconora-

MUH. OyJIbIYPUTAM IPUIIUCHIBAIACH MATMYECKAA CHIA,
OHM CYUTAIUCH TATUCMAHAMHU, IEKAPCTBEHHBIMU AMY-
JETAMU M OOEperamu, MOCKOJbKY IPEANOIAragoCh,
YTO OHHU 3AKJIIOYAIOT B C€0€ SHEPTUIO MOJTHUU.

BeTBUCTBIE TPYOKH JAIMHOU B HECKOJIBKO CAHTH-
METPOB, OIECTAINME BHYTPU U MHKPYCTUPOBAHHBIE
IIECKOM CHAPYKU, BCTPEYAINUCh HAM U PaHEE, BO Bpe-
MA IIEPBOM PEKOIHOCHUUPOBOYHOHN 3IKCIEAULIMU HA
Keicpn-Ceipckuit TyKynan B 2011 . MBI pemuim, 4ro
3TO OCTATKM MAHUUPEN KAKUX-TO JUYUHOK, BPOJE
PYYENHUKOB, MO3TOMY HE NPUJANNA HAXOAKAM OCO-
60r0 3HAYEHUA U CBA3AIU UX C Jedaanuen (BbayBa-
HUEM) HCXOJHBIX O3EPHO-O00JOTHBIX OTJIOXCHUI
U I1AJIEOIOYB.

Opnako B 2014 1. 3TH 06pa3oBaHus BHOBb IIPH-
BJIEK/IM HAIllle BHUMAHUE: B OJHOU U3 KOTJIOBUH BBIY-
BaHUA KbICBUI-CBIPCKOTO TYKYJIaHA MBI OOHAPYXKUIN
6osee KpynHbIE (AUAMETPOM /10 2 CM) OOJOMKH OIl-
JIABJIEHHOTO IIPO3PAYHOI0 My3bIPYATOro KBapia. Bme-
cTe ¢ OGOJBUIMMU OOHAPYKEHO MHOXKECTBO MEIKUX
TpyOOK AMUHON 3—5 cM u guamerpom 0.5-0.8 cm. Hx
BHYTPEHHSSA IOBEPXHOCTb OKA3aJ1ACh INIAJKON U 6J1ec-
TAIEN, HEPEAKO C MEJTKUMHU ITY3bIPbKAMM, 3AKJIIOUEH-
HBIMU B CTEKJIAHHBIA PACIUIAB, BHENIHAA XK€ IMOKPHITA
MECUMHKAMM 1 HA OINYIIb HAMOMUHAET HAXKIAK. BeTpe-
YAIUCh KAK IPOCTHIE TPYOKH, TAK U CJIIOKHBIE PA3BETB-
JIEHHBIE CTPYKTYPbLI C HOKOBBIMU OTPOCTKAMH, MOXO-
JKUMU Ha MAJIEHPKUE OKAMEHEBIINE €TOYKU.

Bce y4aCTHUKU 3KCIEJUIIUU OBUIH BIOXHOBJIEHBI
HAXOJKAMH, OCOOEHHO IOCJIE TOro, KaK CTajaad Ove-
BUJHOU UX NPUPOAA. MBI pemnIn yaeauTb HEKOTO-
poe BpeMmsA OOCIELOBAHUIO MOBEPXHOCTU TYKYJIdHA
Ha IPEIMET OOHAPYKEHUS HOBBIX CKOIUIEHUN (PYIIb-
TYPUTOB.

Boopyxnsmumps GPS-HaBUTaTOPOM, MBI JIBUIA-
JIACh LENBIO U (PUKCUPOBAIN BCE HAXOJAKHU (DYIBIYPH-
TOB Ha KapTe. B pesynbrare 6p110 06HAPY)REHO Hosee
20 KOMIAKTHBIX CKOIUIEHUH OKPYIJTIOH (POPMBI AHUa-
METPOM JIO0 2—-4 M, B KaX/JOM U3 KOTOPBIX HAXO/HU-
JIOCb /10 HECKOJBKUX JECATKOB CTEKISHHBIX TPYyOOK
1 UX (PPATMEHTOB.

He 6bUIO COMHEHUSA, UTO KAXKA0E MECTOHAXOXK/E-
HHE COOTBETCTBYET KAK MUHUMYM OJHOMY YAApY

YepHble Xene3o-mapraHuesbie (CeBa) U KpYNHO3epPHUCTbIE OXPUCTbIE OPTIITEMHSI.
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MOJIHUM. TpyOKHU ObUIM HE TOJIBKO
pa3bpoCaHbBl MO IOBEPXHOCTH,
MECTAMM OHM OKA3aJUCh MOTPY-
JKEHHBIMHU B IIECOK HAa HEOIpeJe-
JEHHYIO TJHYOUHY MOJA PAa3HBIMU
yriaamMu. IIONBITKH UX BBIKONATb
HHM K 4EMY HE NPUBEIU: KPYIIHBIE
1 XpYIKHE TPpybuaThle NEHPUTHI
JIETKO pacnajfiajJuch Ha (parMmeH-
TBl. MBI OOGHAPYKWJIM HECKOJBKO
TOPU3OHTAIBHO 32JIETAIOMUX 06-
PA30BAHUI TIOYTH IOJYMETPOBOM
JUIMHBI, HO OHU TAKXKE PACHATUCD
Ha OT/IeJIbHBIE CETMEHTHL. B 11eom
CTaJIO ICHO, YTO (DYJIBTYPUTHI 06-
PAa3yI0TCS B CYyXOM IIECKE U NIEPBO-
HA4IbHO UMEIOT (POPMBI, HAIO-
MHUHAIOIUE BETBU pacTeHuu. Ta-
KM€ JJEHJPUTHI, OYEBUHO, BO3HHU-
Kal0OT NpPH BETBJICHUU MOJHUU
B I'DYHTE.

TpybKu BApbUPOBAIH 11O 1IBETY:
BCTPEYATUCh  PKABO-OXPHUCTEHIE,

6esble, U3pEKA — HCCUHA-YEp-
Hele. UHTEPECHO, YTO B CEBEPO-
BOCTOYHOM Y4CTHU TYKYIdHA MBI
OBGHAPYKUIU GOJBIIE BCETO KPYII-
HBIX O€NbIX (PYABIYPUTOB. B apy-
I'UX €r0 4acTsAX Oenple TPYOKU OT-
cyrcTBOoBaNM. B Haumboinee raybo-
KMX KOTJIOBHMHAX BBIYBAHUA B 34-
MaJIHOM 4YaCTH TYKYJIaHA HANHJEHO
MHOTI'O TpybO4Y€K OXPUCTOTO U Ja-
JKE€ MCCUHA-YEPHOTO IIBETA, KOTO-
pbI€ MBI IOHAYAITY TAKXKE OTHECIU
K (yaprypuTam.

B npouecce kaprorpagpuposa-
HUA B pacHpesie/ieHnu OeNblX, OX-
PUCTBIX U YEPHBIX TPYOOK B IIpEJie-
nax Koicpi-CpIpCKOTO TYKyslaHa
CTaJIN OOHAPYKHUBATHCA HEKOTO-
pble€ 3aKOHOMEPHOCTH. TaK, OXpuc-
TBIE U YEPHBIE TPYOKM HUKOTJA HE
MONaJaJIUCh BMECTE C OEIBIMU.
OHHU TaKXE HE TI'PYHNIHUPOBAIUCH
B KOMIIAKTHBIE KPYI'U WIH JIUHEH-
HBIE 30HBI, 4 NPOCTO ObLIU 6ojee
WM MEHEE PABHOMEPHO PACCEAHBI
10 TTOBEPXHOCTU HEKOTOPBIX MOJOTUX KOTIOBUH BbI-
nyBaHUs. KpoMe TOTro, B AIHUINAX 3TUX KOTIOBUH HUHO-
rga HabmoJal0Ch UHTEHCUBHOE MPUIIOBEPXHOCTHOE
OKEJIE3HEHUE NIECYAHOTO IPyHTA A0 Iay6uH 0.3—-0.5 M.
371eCh K€ BMECTE C TPYOKAMHU IOTIAJAINCh KENE3UCTHIE
CTSDKEHUS CAMOU NPUYYAJIUBON (DOPMBI, HAIIOMUHAIO-
MIME KAILUIW, INIACTUHKY, I'AHTENH, ITyCTOTEIble 60YOH-
KW. IX pasmepsl He NpeBpimann 1-2 cm.

Cpenu BCEX HAXOJOK HauboJee NPUUYATUBYIO
(opMy UMeNIU OPraHOMUHEPAIBHBIE OCTAHIIBI BBICO-
TOM 10 20—30 ¢M. MBI Ha3BAIN UX ACIAIUOHHBIMU
rpudamu. IIngamnsl 3TUX «'PUOOB» OBUIN CIOKEHBI CU-

PekoHcTpyKuus ynbryputosoro feHaputa (BbinonHeHo A.A.AMMOCOBBIM).

HEBATO-YEPHBIM CANPOIEJIEM, 4 HOKKU — YIIJIOTHEH-
HOM OXPUCTOM CYNECHIO.

OKOHYATEJNbHBIH T'€HE3UC 3araJJOYHBIX TPYOOK
YIAAJIOCh YCTAHOBUTD TOJBKO MOCIE KOMILIEKCA J1A60-
PATOPHBIX AHAIU30B C UCIOAB30BAHUEM ONTUYECKO-
IO MOMAPU3ANUOHHOIO, 4 TAKKE 3JIEKTPOHHOTO CKa-
HUPYIOIET0 MUKPOCKOIIOB C BCTPOEHHBIM MOJAYJIEM
JUIA MUKPO3OH/IOBOI'O dHAJIN3d 3JIEMEHTHOTO COCTA-
Ba. Kpome TOro, s onpepeneHns MUKPO3JIEMEHT-
HOT'O COCTAaBa (PYNBIYPUTOB U BMEIIAIOMMX ITECKOB
OB BBIIIOJHEH CHEKTPAJIBHBIA ATOMHO-3MHCCHOH-
HbBIIA AHAJIN3.
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OCHOBHOI KOMIIOHCHT 30JIOBBIX MHECKOB KBICHII-
CBIPCKOTO TyKyJlaHa — 3TO KBaplL (Jo 90% u 6onee),
pEXe BCTPEUYAIOTCS IOJEBBIC MIIATHl, OOJIOMKHU IEC-
4yaHuKOB (MeHee 10%). PacmpocTpaHeHsl TaKXe Op-
FAHUYECKUE BKJIIOYECHUS, TI'UJPOOKUCIBI JKejae3a
1 MAPTaHIA, XJIOPUT, [NIMHUCTBIE MUHEPAJIBL.

Huorga momnajgaimoTcs 3K30THYECKUE MUHEDPAJIBL
TSOKENON (PpakuuM (IPAHATH, HUJIBMEHUT, PyTHII)
1 OKATAHHBIE 3€PHA HEKOTOPBIX OCAZOYHBIX U META-
MOP(PUYECKUX TOPHBIX ITOPOJ], yCTOUYHUBBIX B TUIIEDP-
I'€HHBIX YCJIOBUAX. B OCHOBHOM 3TO MOPOJbI C BBICO-
KUM COJEPKAHUEM KPEMHE3€Md — SIIMBI, XaJILE0-
HBI, OI1aJIbI, OHHUKCBHI.

QynbI'ypUTHL CJIEJYET OTHOCUTH K ayTUI'CHHBIM*
MHUHEPATBHBIM O00pa30BaAHUAM, (OPMUPYIOMUMCA
NPEUMYIIECTBEHHO B CYXUX JIOHHBIX ecKax. [Toaro-
MY HAXOX/IEHUE JAHHBIX CTEKOJI B 00JI€€ IPEBHUX OT-
JNOKEHUAX SAKYTUM MOXKET CUUTATHCA KOCBEHHBIM
CBU/IETEIBCTBOM MX 30JJOBOTO MPOUCXOKACHHUA.

OKa34/10Ch, UTO HE BCE COOPAHHBIE HAMU [1€CYA-
HBIE TPYOKM OTHOCATCA K (PYyJABIYPUTAM, 4 TOJIBKO
6enple, ¢ OJIECTAMEN CTEKIOBATON BHYTPEHHEN MO-
BEPXHOCTBIO. [lpyrue Tpyb64areie OOPA30BAHUA —
OXPHUCTOT'O U YEPHOTO LIBETA — OKA3AJIUCh BHYTPHU-
[IOYBECHHBIMU KOHKPEUUAMU — IEJOTYyOyIaMu**,
OHU HMEIOT COBEPIIEHHO HMHOHU XUMMYECKUHI CO-
CTaB, HE COJEPXKAT (YIBIYPUTOBBIX CTEKOJ JTHUOO
MHBIX IPU3HAKOB OIJIABICHUS.

[Tox mONAPU3ANUOHHBIM MUK-
POCKOIIOM C UCHOJb30BAHUEM HM-
MEPCUOHHBIX KHAKOCTEN OBIIO yC-
TAHOBJIEHO, YTO CTEKJIA HACTOAMIMUX
(6€NBIX U CBETJIO-CEPBIX) (PYIBIY-
pUTOB UMEIOT Clenuduueckue
NPU3HAKY, KAPAUHAIBHO OTJINYA-
IOMHUE UX OT APYTUX CTEKOJ MPU-
POAHOIO NPOUCXOXKIEHUA, BCTPE-
YAIOMUXCA B MIPOJYKTAX HU3BEPXKE-
HUH BYJIKAHOB — 0a3aJIbTaX, pUO-
JIUTAX, JAIUTAX U IPYTUX BYJIKAHU-
YECKUX OPOJAX.

QynprypuTsl 06pa3oBaHbl OII-
JIABJICHHBIMU OOJOMKAMU UCXO[-
HOTO KBApI[EBOTO IIECKA, TIOTHO
CBAPEHHBIMU OEIBIM PO3PAYHBIM
KBAPLEBBIM CTEKIOM C KO3(pDH-
IIUEHTOM NpenomieHusd <1.5, 941o
XaPAKTEPHO /I HauboJsee XUMU-
YECKU YUCTBIX KBAPIEBBIX CTEKOJL.
QyIbIYPUTOBBIE CTEKJIA HUMEIOT
UCKJIIOUUTENbHO CBEXHUI OOJUK,
B HHUX OTCYTCTBYIOT CTPYKTYPHI
SMUTEHETUYECKON MEPEKPUCTAI-

JU3A1[UU, CBOUCTBCHHBIE BYJIKA-
HUYECKUM IIOPOJIAM.

[ioHHble necku u cynecy Kbicbin-CbipcKoro TyKynaHa nog GMHOKYNAPHbIM MUKPOCKO-
nom (AnMHa MacwTabHbIX TMHeeK — 1 MM): @ — npoLecc COPTUPOBKM W MOACYeTa
KBapLEBbIX 3epeH; 6 — XOPOLO OKaTaHHble KBapLEeBble 3epHa C 30/10BOM NOJMPOB-
KOii; 8 — XOpOLIO OKATaHHble IK30TUYECKNE MUHEPAbI; 2 — HeOoKaTaHHble 060MKH
Me3030/CKMX NecyaHUKoB; 0 — HOBOOOPa30BaHHble OKUCbI MapraHua; e — onnas-
JIeHHas NOBEpXHOCTb 06/10MKa (yNbrypuTOBOMN TPYOKHU.

CyOMHUKPOCKONIMUECKUH aHA-
U3 TPYHOK BBIOIHEH C HCIMOJIb-
30BAHHUEM CKAHUPYVIOUIETO 3JIEKT-
POHHOTO MHUKPOCKOMNa (yBeauue-
nue 10 20 000). [TepBbie )K€ CHUM-
KM BBIABUJIN (DAHTACTUYECKYIO He-
MOBTOPUMOCTb UX CTPOECHU.

* AyTUIE€HHBIMU Ha3bIBAIOTCH OOPA3OBa-
HUsL, BOSHUKAIOIIUE B OCA/IOYHBIX TOPOJIAX
YKE TIOCIE MX OTIOKCHUA B PE3YIBTATE
DA3TUHBIX TEOXUMUIECKUX POIIECCOB.
** TlenoTy6y/bl — OKEIE3HEHHBIE TPY6OU-
KU OPAKEBOTO 1 KPACHOBATO-6YPOTO 11BE-
T2, POPMUPYIONIUECS B OTIPE/ICTCHHBIX TH-
X MOYB U F€OXUMUYCCKUX YCTOBUAX TIO
XOZIaM KOPHEH 1 BO BHYTPEHHHUX MONOCTAX
MIOYBEHHOTO IPOMUIIA [3, 4.
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OynbryputoBLie TPYOKM NOJ GUHOKYASAPHBIM MUKPOCKOMOM.

®oto C.0.Xoxnosa

Cpenu KBAPUEBBIX (DYIbIYPU-
TOB YCJIOBHO BBIJEIEHO YeThIpE
OCHOBHBIX MUKPOMOpoaoruye-
CKUX pasHosupHOCTU. K mepson
OTHECEHBl CTEKJId C MACCUBHOU
OJHOPOAHOM TEKCTYPOI U HEABHO
CJIOMCTOU CTPYKTYPOU C €JUHUNU-
HBIMU 3JUINIICOBU/THBIMU MYCTOTA-
MU, I'PYNIOUPYIOMUMUCI B BHUJE
uernodek. Ko BTopod MHUKPOTEKC-
TYPHOH PA3HOBUAHOCTU OTHECE-
HBl CHJILHO My3bIpUaTBIE 06PA30-
BAHMUA, B KOTOPBIX CYMMA4pHBIN
00BbEM NIYCTOT 3HAYUTEABHO IIpE-
BBIMIAET 0O0BEM (PYIBIYPUTOBOTO
crekna. dopMa u pasmeps IIy-
3bIpEN CWJIBHO BAPBUPYIOT U Ha-
MMOMHUHAIOT OBICTPO BCIEHEHHYIO
U 34TBEPJEBIIYIO MacCy. K TpeTneit
Pa3HOBUJHOCTU MHUKPOTEKCTYPHI
(PyIBIYPUTOB OTHECEHBI TOHKHUE,
CJIerKka  CKPYYEHHBIE BOJIOKHA
U KI'YTBl KPEMHE3€Md, BEPOATHO,
npeacrapiagomue coboil CTPykK-
Typbl Pa3OpBI3TUBAHUA PACIIAB-
JICHHOI'O KpeMHe3eMma. OHU UH-
KPYCTHUPYIOT BHYTPEHHHUE I10JIOC-
TH HaubOIEe KPYIHBIX NY3BIPEN
U IIyCTOT (PYJABI'YPUTOBBIX TPYOOK.

JnemMeHTHbIN COCTaB
(ynbrypuToB M OpTIITENHOB

BriBogb 06 0OCOOEHHOCTIX XUMH-
YECKOI'O0 COCTABA OOHAPYKEHHBIX
(QyJABI'YPUTOB M BHYTPUIIOYBECH-
HBIX TPYOOK (OPTHITENHOB) CJie-
JIAHBI Ha OCHOBE MHKPO30H/I0BO-
ro ananuzaropa (Oxford Istru-
ments INCA Xact) u ClIEKTPaIbHO-
Io aHanau3a. BCTpOEHHBIM B MUK-
pockon (JEOL JSM-6610LW) aHa-
JIN3ATOP MO3BOJIAET OMPENEIATH

Kbicbin-Chipckue ynbryputoBble CTekna Nof CKaHUPYIOWMUM 3NIEKTPOHHbBIM MUKPOCKOMOM: @ — MacCUBHas TEKCTypa KUMeHUs KBap-
LYeBOro CTeKNa C KPYMHbIMU 3NNUNCOBUAHBIMU Ny3bipbKaMu; 6 — Ny3blpyaTas TeKCTypa; 8 — My3blpyaTas B3pbIBHAA TeKCTypa ¢ hu-
rypamu pas6pbi3rusaHus.
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Becosoun %

Becosol %

pecoBon %

PesynbTaThl M3yYyeHUs 31EMEHTHOrO cocTaBa (yNbrypuTOBbLIX CTEKON: @ — XMMUYECKW yucToe kapuesoe ctekno (Si0,); 6 —
aNloMOCUIUKATHOE CTEKNO; 8 — CTEKNO C HE3HAYMUTENbHO NPUMECHIO aNlOMUHUSA, XKeNe3a, Kanus u MarHus.

BAJIOBONM XUMHUYECKHUH COCTAB B JIOOOU TOYKE 06-
pa3iia HENOCPEACTBEHHO MIPU HAOMIOICHUU €TO IPpU
60JbIIOM yBENUYEHUU. g 601€€ ICHOTO NOHUMA-
HUSI MUHEPAJIBHOU CTPYKTYPHI OBLJIO BBIIIOJTHEHO HE-
CKOJIBKO J€CATKOB olpejaeneHuil. I'mcrorpamMmbl
pacnpeneneHus OCHOBHBIX 3JIEMEHTOB TOKA3bIBAIOT,
YTO, KPOME KPAMHE YUCTBIX CTEKOJ, COCTOSMUX UC-
KJIIOUUTENBHO U3 KPEMHEKUCIOPOAHBIX TETPA3JPOB
(Si0.), B cocTaBe PyAbIYPUTOB MPUCYTCTBYET CTEK-

JIO C HE3HAYUTENDHONU IPUMECHIO ATIOMUHUA, KAIUA
U KEesa.

BecbMa MHTPUTYIOIMUMH OKA3aJUCh PE3YIBTATH
MHKDPO30H/IOBOI'O aHAJIN3a HEKOTOPBIX (DYIbIYPUTOB,
4 TAKXKE APKO-OXPUCTBIX JKEJIE3UCTHIX U YEPHBIX BHY-
TPUIOYBEHHBIX TPYOOK. Kapkacel Tpyook chopmu-
POBAHEI M3 MECYUHOK C IPEOOTAJAHUEM KDEMHE3E-
M4, HO CAMO IIEMEHTHUPYIOIEE BEMECTBO 06PA30BAHO
KMCIOPOJIOM, KEJIE30M, MAPTAHIIEM M YIJIEPOJOM
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gecoBol %

BECOBOM %

BECOBOW %

PesynbTatbl MUKPO30OHL0BOTO aHaNM3a OXPUCTBIX U YEPHbIX BHYTPUNOYBEHHbIX TPYGOK (OpTwWwTeiHoB): @ — yactuua (rpadyna)
cKeneta; 6 — LeMeHTUpylolee BelecTBo TPYGOK 0XPUCTOTO LBETa; 8 — LeMeHTUpYylolLee BelecTBo Tpy6oK YepHoro ugera.

B Pa3JMYHOM COOTHOIIEHHH. IIO0 BCEN BUAUMOCTH,
OHO COCTOHUT NPEUMYIIECTBEHHO M3 THJPOOKHCIA
JKelne3a M MAapraHid, a TAKKE OPraHOMHHEDPAIbHBIX
IIOYBEHHBIX 00pa3oBaHui. OTCYTCTBHUE OIUIABJICHUS
M BBICOKOE COJIEPKAHME OTMEYEHHBIX 3JIEMEHTOB
CBU/IETENBCTBYET OO 3MUICHETHYECKOM OOPa30Ba-
HHUHM OXPHUCTHIX U YEPHBIX TPYOOK BHYTPH NPODUIA
Pa3BUTON MAJIEONOYBHI, KOTOPAs MO3KE ObIIA 3POAU-
pOBaHA C MOBEPXHOCTHU TYKyJadHA B PE3YJIbTATE BET-

poBoit gedaanuu. Tak OXPUCTBIE U YEPHBIE TPYOKU
OKa3aJMCh Ha MOBEPXHOCTH KOTIOBUH BBHIJYBAHHUA
B COCTABE BETPOBOTO JJIOBHUA.

HeOoXUJaHHBIM OKa3aJICA PE3YAbTAT MHUKPO30OH-
JJOBOI'O aHAJIM3a OAHON M3 HANJAEHHDBIX (DYIBIYPUTO-
BBIX TPYOOK. BHYTPU BBICOKOTEMIEPATYPHOTO pac-
IIJ1ABA CTEKJIA OBIO OOHAPYKEHO BBICOKOYIJIEPOU-
CTO€ BKJIIOYEHHE, IPUPOAA KOTOPOTO TAK U OCTA-
J1ACh JIJIA HAC HESICHOM.
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Pe3ynbraThl aTOMHO-3MUCCMOHHOTO (CMEKTPaNbHOr0) aHanu3a (ynbrypuToB U NoYBeHHbIX opTwWwTeitHOB Kbicbin-Chipckoro TykynaHa.
1 — cynbryput 6enblit KpYNHO3EPHUCTBINA; 2 — (yAbrypuT 6enblit MeNKO3epHUCTbIA; 3 — OpPTIITEH OXPUCTbIA KPYMHO3EPHUCTLIN;
4 — OpTWTeH OXPUCTbI MENKO3EPHUCTBIA; 5 — OPTWTENHH YEpHbIi MeNKO3epPHUCTbIN; 6 — [IOHHbIA NecoK C mybuHsl 1.5 M;
7 — RIOHHBIA NECOK C MY6UHbI 2.5 M; 8 — NOpOroBble 3HaYEHUA 0OHAPYKEHNA INEMEHTOB.

Pe3ynbTaTbl aTOMHO-3MUCCUOHHOTO
(cnekTpanbHoro) aHanusa

CHEKTPaNIbHBINA AHAIU3 NIPOTOJOYEK JIOHHOI'O IeC-
K4, PyJAbI'YPUTOB U BHYTPUIIOYBEHHBIX OPTIUTEHNHOB
BBIIIOJIHEH /IS OLEHKU CXOJCTBA U PA3JIUYUA UX
MHUKPO3JIEMEHTHOIO cocTaBa. OKa3anoch, 4YTO JIOH-
HBIA MECOK M OOPA3ZOBAHHBIE U3 HETO (DYIBIYPUTEI
MMEIOT BECbMa CXOJHBIM cocCTaB. MCKIIOUEHUEM
CTAJl TOJILKO JIMTUI, KOTOPBIA COBEPIICHHO OTCYT-
CcTBYET B (pynbprypurax. CoCcTas ke TPyOUuaThIX XKeJle-
30MapraHIEeBbBIX KOHKpeUuu (mejoTyoya) HHOM.
BMecre ¢ ayTUreHHBIMM JKE€I€30M M MApPraHLEM
B HUX YCTAHOBJIEHO BBICOKOE 110 CPABHEHMUIO C JAIOH-
HBIMU IIE€CKAMHU COJEPKAHUE KOOANBTA, HUKEIA
U MBIIIbAKA. X KOHIEHTpAaL U BHYTPU IOYBEHHOI'O
npo@uia CBUAETENbCTBYET O NPEO6IATAHUN OKHUC-
JIUTEJIbHOU CpeAbl IIPU HEAOCTATOYHOM YBJIAXKHE-
HUM U XOPOWIEH 43pauuu — YCJIOBUM, CBONUCTBEH-
HBIX JIJIL CYXUX COCHOBBIX JIECOB.

% k%

DyAbrypUTH U JKEJIE30MAPTAHIIEBBIE MEJOTYOY-
Al — O4YEpPEeAHOU (PEHOMEH AKYTCKUX TYKYJIAHOB,
MOATBEPAKAAOMMUI MX BBICOKYIO CIENUMUUHOCTD

Jinutepartypa

1 HEJOCTATOYHYIO M3YYEHHOCTb. DTU OOPA3OBAHUA
MOTYT CHIYKHATb JOIOJHHUTEJILHBIMU XaPAKTEPUCTHU-
KAMHM CTPOEHHUA TYKYyJdHOB, YKA3bIBAIONKUMU HA
CIOXHOCTbh UX (PAlMaTbHOTO COCTaBa. IleoTy6OyIbl
HMCHOMBb3YIOTCA KAK BAKHEHIIME NMPU3HAKU NPU pe-
KOHCTPYKIIUU TAJT€0reorpa(puIeCcKuxX U MaJ€OKIU-
MATHYECKUX YCIOBUI HEaBHETO MPOILIOTO [5, 6]. UX
OTHOCAT K NPAMOMY NPU3HAKY 3BOJIOIIUOHHOTO Pa3-
BUTHA IIECYAHBIX MACCUBOB llenTpanbHou AKyrun
B 3KCTPAAPU/IHBIX VCIOBUAX.

DynIprypuTH, KaK BECbMa pEAKHE 0Opa3OBaAHUS,
HABEPHAKA NPHUBIEKYT K C€O€ BHUMAHHUE T'€OJIOTOB
1 MUHEPAJIOros. Kpome TOro, B MCKONMAEMOM BHJIE
OHU TPEACTABIAIOT COOOU YHUKAJIbHBIA MATEPHUAI
Ui TEPMOJIOMUHECIIEHTHOTO M OINTHUKO-TIOMHUHEC-
LIEHTHOI'O 20COJIOTHOI'O AATUPOBAHUA [7].

W HaKOHEl, KPyNHbIE (PYIBIYPUTH UMEIOT OOJIb-
MIO€ 3CTETUYECKOE U I0BEIUPHOE 3HAueHueE. Tak, co-
IJIACHO II€HHUKY MarazuHa «Kamnueseabl» (I.MOCKBQ),
CTOMMOCTb ETHIETCKUX KBAPLEBHIX (DYIbIYPUTOB
CpEJHETO KA4eCTBa pazMepoM 4x0.8 cM U BeCOM 3—4 1
sBappupyer or 20 10 50 pomn CHIA. C faHHOM TOYKU
3peHUs (PYABIYPUTH SAKYTCKUX TYKYJIaHOB MOTYT
NPEJCTABIATD LIEHHOCTb KAK MATEPUAJ JIJIsI U3TOTOB-
JIEHUS OPUTUHATbHBIX MECTHBIX CYBEHUPOB. B

1. Yupeumncruii [1.H. [IpupojHbIE U UCKyCCTBEHHBIE (DyabrypuThl // Ilpupozna. 1926. Ne3—4. C.26-48.
2. Jlvicrox AIO., FOpzencon I'A., FOwxun HIl. ®yabrypuTbl — HOBBIM THII JIEKTPOATMOI€HHBIX T'€0JOTUYECKUX

o6pazosanuit // Jlutochepa. 2006. Ne3 C.125-140.
Posarnoe b.I. Mopgonorus nous. M., 1983.

o

4. Batioenoman P.P., Huxugpopoea A.C. TeHe3nC U JUArHOCTUYECKOE 3HAYEHUE HOBOOOPA30OBAHUM IIOYB JIECHONU

U JIECOCTEITHOM 30H. M., 2001.

SN

Kosoa BA. OCHOBBL yueHH O ITouBax. O61as Teopus NOYBOO6PA30BATEABHOrO ponecca. Ku.2. M., 1973.
Jlocmosanos B.H., Kyopasyes B.A. O6iiee MmepanoToseaeHue. M., 1967.

7. Baenep IA. HaydHble METOBI JATUPOBAHUS B I'€OJIOTUH, APXEOJIOTUH U ucTopuu. M., 2000.
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BbiMupaHue

caxaAuHckou kabapru

B.N.IIpuxoabK0O

BIMUPAHUE XKUBOTHBIX TpPa-
JUIIMOHHO CBA3BIBAIOT C IIE-
PHUOJUYECKUMHU TIPUPOAHBI-

MU KaTacTpodamMu TIa00al1bHOTO

MacmTaba, 0OyCIOBIUBAOIIUMU

HCYE3HOBEHUSI MHOTUX BHUJOB

U NPUBOJAIMUMHU K OOHOBIEHHUIO

¢ayn [1]. OgHAKO BBIMHUPAHHE —

3TO €Ie€ U OJHA U3 XAPAKTEPHUC-

THUK 3BOJIIOJMOHHOI'O IPOLECCa.

Ecnu Buj006pa3oBaHuE JA€T Ha-

4aJ0 HOBBIM BHJAM, TO BBIMHUpPA-

HHE 3aBEPIIAET 3BOJTIOLMUOHHBIA

3TAll OTAENbHBIX IPEACTABUTENEN

POAOBBIX I'PYIIII, CEMEUCTB U JJAKE

OTpsJOB. B cpejHeM U NMO3AHEM

MUOIIEHE, B HMHTEPBAIE MEXIY

15.9 u 8.7 MJIH €T, BBIMEPJIO KAK

MUHUMYM JE€BATh BUJOB JAPEBHUX

Ka06apropuiX. [IpUYNHON UX BBIMUPAHUS, KAK 1OJIA-

raloT NAJIEOHTONOTH, ObUIA IIEPUOANUYECKUE U3MEHE-

HUS KIUMATa, IPUBO/UBIINE K ITTOH6ATBHBIM U3MEHE-

HUAM NaHAMadTOB. C MOABICHUEM YEJIOBEKA TEMIIBI

BBIMUPAHUA KUBOTHBIX YCKOPWIHUCH. TONBKO 32 HUC-

TOPUYECKUN NTEPUOJ HA TIIAHETE Mcue3no 120 BUJOB

KPYIHBIX MJIEKONUTAOIUX, CAYKAMUX OOBEKTAMU

0x0Thl, 1 150 BugoB nTul. CpeaHss CKOPOCTh BBIMU-

paHUA MJIEKOMUTAIONUX TOJ BO3ACHCTBUEM AHTPO-

IIOI'€HHOI'0 (PAKTOPAa HEYKIOHHO POCId B KAXKAOM

TBICAYEIETUN [2].

Kak 6b110 1OKA3aHO B Hameld pabore [3], 3BOJIO-
LMOHHAA UCTOPHUA POAA KAGAPIU™ COCTABIAET OKOJIO
11 Myl €T, YTO 3HAYUTENLHO MIPEBBIMAET CPEJHIO0
MIPOJIOJIKUTENBHOCTD CYIMIECTBOBAHUSA POJOBBIX TPYIII
MApHOKOMNBITHBEIX. ClI€JOBATEILHO, BCE MOJABUIOBBIC
(popMBl Ka6apru MUPOBOM (payHBI OOPEUEHB! HA BBI-
MHUPAHUE B CKOPOM BPEMEHHU, 4 BO3PACTAIOMINE AHTPO-
MIOTE€HHBIE BO3JENUCTBUA HA CPEJy OOUTAHUA BUIA JO-
MIOJTHUATENBHO YCKOPSAIOT 3TOT MPOLIECC.

* Hoapo6Hee 0 Kadapre cM.: [1puxodsiko BH. ONeHb ¢ POKOBBIM 3a-
naxoM // Ilpupopa. 2002. Ne4. C.32-309.

© ITpuxoasko B.M., 2017

| Baaoumup Heanoeéuu IIPuxoovKko, Kamnou-
oam OUON0ZUUeCKUX HAVK, CMAPULULL HaYY-
Holll compyonurx Uncmumyma npoosem 3K0-
zno2uu u 3eontoyun umenu A.H.Cesepuyosa
PAH. Obnacms HAYUHOLLX UHMEPeco8 — 380-
JIOUUA, IMOSL02UA, IKOL02USL U OXPaAd npeo-
cmasumeneti cemelicmea KabapzoesLx.

KiroueBble CI0BA: SKOJIOTHA, BRIMUPAHUE, Ka6apra, ocTpoB CaxalnH.
Key words: ecology, extinction, musk deer, island Sakhalin.

3aceneHue kabaproun CaxanuHa
M OXPaHHbIN CTATYC

[TapHOKONBITHBIE 3aceasaau 0.CaxaluH B IIEPUOABL
OCyIIEHUS HMenbda BO BpeMs ONeIEHEHUN A3UATCKO-
IO KOHTHHEHTA. Ha OCHOBAHMUM IAJIEOHTOJIOIUYEC-
KMX J4HHBIX U HU3YYEHUA ITAINOB PA3BUTHUA PACTHU-
TEJBHOCTU YCTAHOBJIEHO, YTO YEPEJOBAHUA OCYIIE-
HUN 1 OOBOJHEHUN MENb(OBLIX TEPPUTOPUN B Boc-
TOYHOI A3uu, BKIIOYAA JanbHU BOCTOK, IPOUCXO-
JUJIN TPYUKIBL: OJAUH Pa3 B CPEAHEM U IBAXK/bI B [103/1-
HeM maeicroneHe [4]. MOXHO NPEAIONOKUATD, YTO
BU/IOBBIE COOOIECTBA MAPHOKOMBITHBIX CaxaanHa
(OpMHUPOBANIUCH KAK MUHUMYM ABAXK/bI, 4 KOJOHU3A-
LU OCTPOBA BUJAMU-UMMUTPAHTAMU UMEJIA PA3INY-
Hble HanpasjaeHUd. HaunHasg CO CpegHEro ILIEHCTO-
LIEHA B pPE3YJAbTATE HEOAHOKPATHBIX KOJEOAHUM
YpOBHA MHPOBOTO OK€aHA MPOUCXOJUIO 0O0pa30Ba-
HHME MOCTOB CYIIH OT A3MATCKOI'O KOHTUHEHTA Y€pE3
CaxanuH K XOKKaH10, a BCE SATTOHCKUE O-Ba COEIUHSI-
JIUCh MeXy cobor u ¢ m-oBoM Kopes. B mosgHem
IUIENCTOLICHE, BCIE 32 IOSABIECHUEM HAa OCYLIEHHBIX
TeppuTopuiax CaXaJuMHA NPUTOJHON 1T OOUTAHUS
PACTUTENIBHOCTH, OCTPOB 3ACEJIUIN IPEACTABUTENN
JIAJIbHEBOCTOYHOM, KUTAUCKON U GEPUHIUICKON (a-
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CxeMa pacnpocTpaHeHus caxanuHckoi kabapru B 1998 r. lpyn-
nupoBku kabapru: 1 — ToHuHo-AHuBCKas, 2 — CycyHailckas,
3 — HOxHo-Kamblwosas, 4 — LUpeHko-Muuynbckas, 5 — 3a-
napHas, 6 — Baruckas, 7 — BocToyHas; @ — nyHKTbl 3aX0f0B.

VH, B TOM 4uci€e U Kabapra. B ToT nepuop Ha cyule,
NPUMBIKAIONIEH K MATEPHUKY, JOMUHUPOBAIN B OC-
HOBHOM KDVIIHBIE IO pa3zMepaM BU/JbI MAMOHTOBOM
(paynrpl. ITo-BUAMMOMY, MOCT CYUIH HPOCYIIECTBOBAI
10 pybexa IIEUCTOLIEHa U ronoueHa. ITocie noBbl-
neHud ypoBHA THXOro OK€aHa, MIPUBEJIIETO K OT/E-
JIEHUIO OCTPOBA OT MATEPUKA U MOCAEAYIOMEN [IN-
TEJbHON reorpaduyeckoin nzondanuu Caxanuna, Ka-
6apra, OCBOUBINAA €10, 06PA30BAIA OTACIbHYIO (DU-
JIOT€HETHUYECKYIO JIMHUIO BHYTPU BUJA. [Ipoucxoxe-
HUE CAXAJIUHCKON KaOGapru OT JaJIbHEBOCTOYHOU
(OpMBI MOATBEPKJEHO MOJEKYIAPHO-TEHETUYECKHU-
MU UCCAETOBAHUAMH [5].

CaxanuHCKasg Kabapra OTHOCUTCA K I'DYIIIE PEJi-
KUX U HaXOJAMHUXCSA MOJ| YIPO30OU HCYE3HOBEHUS
MOABUIOB. M3-32 HU3KOU YHUCJIEHHOCTU B 1983 1. OHA
3anecena B Kpacnyio xuury PCOCP. CoBpeMeHHBIN
apean OCTPOBHOM (POPMBI PPArMEHTUPOBAH HA CEMb
U30JIMPOBAHHBIX O04arop o6uranus. Kak oburarenp
TOPHO-TAEKHOTO JTaH/MadTa, CAXATUHCKUN TOABU]
Ka6apru, 6€3yCIOBHO, BAXKHASA COCTABIAIONM A OATaH-
€4 OCTPOBHOTO 6MOpa3Ho06pasusd. Ilpeanpumy nep-
BYIO NOIBITKY OL€HUTbH >KU3HECHOCOOHOCTb MaJO-
YUCJIEHHON OCTPOBHOM MONYIAIIMNA U BBIACHUTD, Ka-
Kue (PaKTOPHBI 3TY )KU3HECIIOCOOHOCTD ITOHUKAIOT.

IlvHamuka nonynaunu

JUHAMUKY HACEIEHUS CAXAIMHCKOHU KAa0ApTIU 5 YCIOB-
HO Da3JeIAlo0 Ha JABA NMEPUOJAA: UCTOPUYECKUN U CO-
BpeMeHHBIN. IIepBbIit IepUO/I, HAYABIIUMCS [TIOCIIE KO-
JIOHU3AIIUU OCTPOBA, OBUI OUEHDb JOJITUM U NPOJOJI-
skancs 1o 1800 1. TeopeTnuuecku (B 60s€e UIn MEHEE
6JIATONPUATHBIX YCIOBUAX CPEABI MO3JHETO TIEUCTO-
LI€HA) UCXO/JHAA YUCIEHHOCTD IPYNIIMPOBKU Kabapru
Ha ocTpose morua jgocrurarb 200-220 pa3MHOXAI0-
muxcsa ocoder. O6 3TOM CBUAETEIbCTBYET BBIKHUBA-
HHME OCTPOBHOM MONyJNALMU B TeuyeHue 20 THIC. JeT
1ocie noAsieHus ee Ha CaxaliuHe.

IInomaap MIENCTOLIEHOBHIX JIECOB HA HAYAJIbHOH
CTaAUM 3ACENEHUA Kab6aprom OCTPOBA, BEPOATHO,
IIOYTH B [BA Pa3a NPEBBINANTA COBPEMEHHYIO TEp-
PUTOPUIO, MOKPHITYIO JIECAMU, U MOTJA JJOCTUTATD
10 Mau ra. CyMECTBYET JIMIIb 3KCIEPTHAA OIICHKA
IJIOMAU MECTOOOUTAHUS MO/BUAA B IUIEHCTOLECHE.
DTU JONYHICHUS COOTBETCTBYIOT BAKHBIM COOBITUAM
MIPONIOTro. BOCHONB3YIOCH €10 I TOTO, YTOOBI MOAC-
HUTb M3JIOKEHHbIE HMXKE monoxenuda. Ha Caxanumne,
KaK M Ha KOHTUHEHTAJIBHOI YaCTU apeana BUJa, B UC-
TOPUYECKOE BpeMs Kabapra TAroTesa K yuacTKaM TEM-
HoxBoWHOU Tauru. [Ipu cpepueit mwiorHocTu 0.5 0Co-
6u Ha 1000 ra pacyeTrHasg MaKCUMaJbHAas YUCIIEH-
HOCTb CaXaJMHCKOHN KA6apTHU TEOPETUUECKU [LOJIKHA
6bl1a JOCTUTATh B KOHIIE TUIEMCTOIIEHA 5 TBIC. OCO-
6en. Ha ¢azax pocra nonyiasanuu €€ 4UCICHHOCTb
IpeTepreBaga Meabld psaj IUKINYECKUX (DIIOKTya-
LU ¢ TOHMKEHUEM YPOBHS MAKCUMATIbHOTO 3HAYE-
HUA. B pesynbrare M3MeHEHUN (PU3UUECKOU CPEJBI
NPOUCXOJUIN KOJEOAHNA HACENEHUSA MEXKIY YBEJIU-
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YEeHUEM J0 4 TBIC. U CHUKEHHUEM
J10 3 TBIC. OCOOEH €eIIe 10 TOr'0, KaK
BCTYNAIU B JICHCTBUE BHYTPUIIO-
NyJAIUOHHBIE (DAKTOPHI, HAIPU-
Mep TEPPUTOPHUAIBHOCTb, OIpa-
HUYUBAIOMAS POCT MU IJIOTHOCTb
HACEJIEHUA KUBOTHBIX HA OCTPOB-
HOWM TEPPUTOPUH.

Bropoit mepuos, Ha4YaBIIUIICA
€O BTOpOU nososunsl XIX B., IPO-
JOJIKAETCA O HAIIMX AHEH. Ha
NPOTAKEHUU ITOCJIEJHUX JIBYX CTO-
JIETU TTOJ/bEMBI YUCJIEHHOCTH JKU-
BOTHBIX CMEHSIUCH JIBYMSI BOJIHA-
MU JIENPECCUH, CDABHUMBIMU C Ha-
yanoMm (a3 BeIMUpaHUA. JluTepa-
TYpHBIE UCTOYHUKU CBUAETENLCT-
BYIOT O KATaCTPO(PUUECKOM CHHU-
KEHUU TIPUPOJHBIX IONYIALUNA
Kabapru B CEBEPHON 4aACTH apeana
B KoHIle XIX B., KOTJa BUJ ObLI HA
rpaHu ucdesHosenus [6, 7]. Ipu-
YMHON KaTaCTPOMPUUECKOTO CO-

YMCNeHHOCTB, ThiC. 0coBein
BEPXHWI NNENCTOLEH

o
|

KpameHnsa YHUCJIEHHOCTH BHUJA 18
CTaJ1a OXOTHUYbS [JEATEIbHOCTD 16
4yeJIoBeKd., XAPAKTEPHOM 4YepTON S

TOTO MEPUOJA OBJIO CUHXPOHHOE % L
CHWXXEHUE PECYPCOB CAXATUHCKO- A
I'0 O/IBM/IA, CDABHUMOE C MATEPHU- E 10
KOBBIMHU INPONOPUUIAMHU HUIBATUSIL -
JKUBOTHBIX. MCXO/JHAs YUCIEH- E °
HOCTb 3TUX OCTPOBHBIX XHUBOT- % 6
HBIX COCTaBjsia B 1855 I. OKOJIO S 4
3 TBIC. OCOOEN, HO B PE3YIBTATE 3
npecca OXOThl CHU3MIACh K 1880 T. B
1o 450-500 ocobeit. ITorpebosa- 0 -
jock He MeHee 100 et aasa BOC- 1996

CTAHOBJICHUS PECYPCOB CaXaJIUH-
CKOM MONYJIAIIUU JJO HUCXOAHOTO
ACUMITOTUYECKOTO YPOBHA, 10O-
CTUTHYTOTO B KOHIIE XIX B.

Ob6partuMmca K aHaIU3y (PaKTo-
pPOB, BIUAIONNUX HA JUHAMHUKY Ha-
CEJIEHUS CaXaJIMHCKOIO IMOJBUJA
Kabapru. IIpOMBIIITIEHHBIE JIECO-
3arOTOBKU U JIECHBIE MTOKAPHI NOCAYKUIN NIPUIUHON
O4YEPENHOTO CHUKEHUA €€ UYHUCIEHHOCTU B KOHIIE
XX B. [0 HEKOTOPBIM CBOUM OCOOEHHOCTAM 3TU (PaK-
TOPBI OKA34JUCh OCOOEHHO I'YOUTEIbHBI JUJIL OCTPOB-
HOM (payHbl. HeCMOTPSA HA 3aHECEHUE ATOTO MOJBU/A
B Kpacnyio kuury Poccun, ¢ 1998 1. navyaaca orpuia-
TEJbHBIN TPEH/] B JUHAMUKE €TI0 YUCJIEHHOCTH, KOTO-
PBHIA IPOJOJLKAETCA O HACTOAIETO BpeMeHu. 1o Mo-
€l OLIEHKE, COBPEMEHHAA YHUCIEHHOCTb CaXaJHUH-
CKOIl Ka0apru CHU3MWIACH JO KPUTHUYECKH HU3KOI'O
ypoBHA B 220-250 ocobeH, T.e. peCypChl NOABUAA CO-
KPAaTHJIMCh 34 3THU T'OJbl B CeMb pa3. HabmomaeMmblit
CIaJ] YUCJIEHHOCTHU IPOUCXOJUT MOHOTOHHO Ha MPO-
TSOKEHUN NOCHEHNX 18 JeT, OTpaxas OTCPOYEHHOE
BBIMHUPAHUE )KUBOTHBIX Ha CaXaJlnHE.

1800 1855 1880

T T T T T T T
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

T T T T T T T T 1
1980 1983 1998 2004 2009 2014 2015 2016

rogbi

MCTOPMHECKaﬂ M CoBpeMeHHaa auHamuka nonynaumu CaxanuHcKom Ka6aprm.
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[InHamMnKa CHUKEHMA YMCNEHHOCTM OCTPOBHOW monynauuu 3a nocnepHue 18 net
(1998-2016). KpuBas dakTUyeckoro yracaHusa OCTPOBHOI NOMynAuMM NocTpoeHa
No 3MMNUPUYECKUM YUYETHbIM AaHHbIM, COOPAHHbIM aBTOPOM.

XO34UCTBEHHAA IEATENBHOCTD YETOBEKA HA OCT-
pOBE, TEMIIBI KOTOPOHU BO3paACTanu C KOHIA XIX B.,
[IpUBEJId K PA3PYIIEHUIO MECT OOUTAHUA Kabapru
1 HAPYIIEHUIO CYIIECTBOBABIIUX BEKAMHU B3AUMO-
CBSI3AHHBIX NIPUPOAHBIX LUKIOB. COBPEMEHHAA MO-
3AUYHOCTb PACHPEJENEHUI OCTPOBHOU (POPMHBI,
00yCJIOBIEHHAS TATHUCTOCTBIO TOPHO-TAEKHBIX ME-
CTOOOUTAHUN, BBIPA)KEHA CUJIBHEE IO CPABHEHUIO
C JJOUCTOPUYECKUM BPEMEHEM M3-34 BKJIIOYCHUSA
B 3TOT IIPOLIECC AHTPONOIEHHOro (pakropa. Kak yc-
TAHOBJICHO B XOJ€ IOJIEBBIX HUCCIECAOBAHUN, ILIO-
majb BCEX OYATOBBIX 30H OOMTAHUSI CAXAJTHMHCKOI
Ka6apTu NpOJOJ/IKAET HEYKIOHHO COKPAIMAThCA Ha
(OoHE HHU3KON YHUCACHHOCTU BHYTPUIIONYJIAIIUOH-
HBIX IPYIIIMPOBOK.
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MpuUYnHbBI U PUCK BBIMUPAHMA

JIns OLIEHKU PUCKOB BBIMUPAHUSA BUIOB pa3paboraHa
MKal1a KpUTEpues, win «apasuiao 50/500» [8-10].
Buapl 1 nmonynanuy ¢ 4MCAEHHOCTBIO HUXE 50 0Co-
6€eil OKUIAET HEMUHYEMOE BBIMMUPAHHUE H3-32 TE€HE-
TUYECKOMN JENPECCHUU, BBI3BAHHON OJIU3KOPO/CTBEH-
HBIMU cniapusaHugamu. IToporosoe uncio 500 oco-
6€it B 3TOM MIPAaBUIE COOTBETCTBYET MHUHHUMAJIBHOI
3P PEKTUBHON YUCIEHHOCTH, IPU KOTOPOU COBOKYII-
Has HACJIEACTBEHHAA U3MEHUYUBOCTD MOMYIALIUNA IPU
TEHETUYECKOM Jperde XOTA U YMEHBIIAETCHA, HO
KOMIIEHCUPYETCA YBEIUYEHUEM BHYTPUBUAOBOTO
pasHOOOpa3usa B pe3ynbraTe MyTanui. PakTudecku
3TO NPABUJIO TMO3BOJUIO UCCIEJOBATENAM CHOPMY-
JUPOBATH KOHIIENIIUIO MUHUMATbHOU JKU3HECIIOCOH-
Hou nonyaauun (MVP), OCHOBAHHOU HA JUHAMUKE
YUCJIEHHOCTH BUAOB [8, 11, 12]. TIpu ananuse xXusHe-
CIIOCOOHOCTH NMPUMEHAIOTCA NIPUEMBI, YCTAHABINBA-
I0IMEe HUKHUE NPEEIbl YUCACHHOCTH, 32 TPAHUIIBI
KOTOPBIX NOMYJIAIUU CHUKATHCS HE JIO/DKHBL IO TIPU-
YMHAM YA3BUMOCTH BHJOB. HYalle B Ka4eCTBE TOPOTO-
BBIX 3HAYEHHUI UCHOJIb3YIOTCA TEHETUYECKUE KPUTE-
pumn [8]. A onpeseneHus YNCIEHHOCTH MUHUMaJIb-
HBIX KM3HECIOCOOHBIX MOMYJIALUN PACTUTENBHOAN-
HBIX KUBOTHBIX IPUMEHAETCSA TOKA3aTENb MACCH TE-
J1a, KOTOPBIY XaPAKTEPU3YET YPOBEHb META00NM3MA
1 UMEET KOPPENALUOHHYIO CBA3b C INIOTHOCTBIO Ha-
CEJIEHUA KONBITHBIX, OOUTAIOMUX B YMEPEHHBIX IIH-

porax [13]. IIpeaBapuTeabHbIE paCUEThl (KOTOPBIE
HET HEOOXOAUMOCTHU 3/1€Ch IPUBOJIUTH) C UCIOIb30-
BAHUEM CPEJHEN MACCHL T€la Ka6apru B MOJICIN BBI-
MHUpPaHUA, TOKA3AJIU, YTO MMUHHUMAJIbHASL YUCJIEH-
HOCTD JKU3HECIOCOOHON MONYIALUN 3TOTO BUAA CO-
CTaBIsET OKOJIO 102 CaMOK B (DEPTUIBHOM BO3PACTE.
DTOT MapaMeTp YMCAECHHOCTH MOMYJIALUNA YKIAAbIBA-
€TCS B HUXKHUE IpeJiensl «pasuaa 50/500», 9To faer
MAaJIO IAHCOB JII BBIKUBAHUA 10/1BUA HA CaXalInHE.

Ha NpOoTAKXEHUN HECKOJbBKUX MUHYBIIUX JECATU-
JIETUH NPOTHO3 OLIEHKU YUCAEHHOCTH OCTPOBHOM
NONYJ/SALMHU, OOECIEUUBAIONECH €€ JKU3HECIOCO6-
HOCTD, YTOYHAJICA [0 MEPE BKJIIOYEHUA B AHAJIU3 BCE
HOBBIX U HOBBIX (PAKTOPOB, HE 3aBUCAIUX OT IJIOT-
HOCTH HaceneHud [14]. Kak OyaeT MOKa3aHO HUKE,
(PIIOKTYalUM NOMYNALUU OOYCIOBIEHBI HECKONbKHU-
MU TUMUATUPYIOMUMHU (PAKTOPAMHU (TAKUMHU KAK JIECO-
3aTOTOBKH, JIECHBIE IOXAPBl U OPAKOHBEPCTBO),
BCJIEJCTBUE YErO YMCIEHHOCTb Ka6apru exerojHo
CHUXXAETCH.

VMEHBIIEHHUE PECYPCOB CAXAJIUHCKOIN Kabapry,
BBI3BAHHOE YCUJIEHUEM (PPATMEHTAIIUU MECTOOOUTA-
HUI, IPUBEIO K CHWKEHHUIO OOIIEr0 M€HETUYECKOTO
pPa3HOOOpPA3UA M, BO3MOKHO, BO3HMKHOBEHUIO MH-
OpEeHOM JJEIPECCUH, T.€. YACTBIX CKPECIIUBAHUI MEXK-
Ny OIU3KUMH POACTBEHHUKAMU B HM30JUPOBAHHBIX
MAaJOYUCIEHHBIX IPYINUPOBKAX. CDABHEHUE HYKIIEO-
TUAHON U3MEHYUBOCTU (PA3JIUYUNA B HYKICOTHUJHBIX
MOCJIEAOBATENBHOCTAX, (DOPMUPYIOIUXCH B XOJ€ MY-

MecToobutanus kabapru Ha CycyHaiickom xpe6Te.

3pech v panee ¢oTo aBTopa
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TAIJMOHHOT'O INPOIECCA) UCCIAENO-
BaHHOro ¢parmenra (D-meran)
muroxoHapuansuoi JHK cpenun
BUJIOB JJUKHUX KONBITHBIX IIOKa3a-
JI0, 9TO y Ka6apru 3HA4EHUE ITOTO
nmokazaresst (p = 2.6%) HAXOTUTCS
Ha CpeJHEM YPOBHE JJIA TPYIIIbI
JUKUX KBAYHBIX. OJIHAKO Tamio-
TUIIMYECKOE pazHoObpasue (Ba-
PUAHTHI BCTPEYAEMOCTH B MTOTIYJIA-
IUMA MATEPUHCKUX TAIUIOTUIIOB®,
MEPEJABAEMBIX OT OJJHOI'O TIOKOJIE-
HHUA K JIDYTOMY) U HYKJIECOTHIHAA
HM3MEHUYNBOCTD CaXaTUHCKOTO MOJI-
BI/IA OKA3aJIMCh B /IBA-TPU PA3a HU-
K€ TEHETUYECKUX I[MOKA3ATEIECH,
XAPAKTEPUBYIOMUX JPYTHUE TO/BU-
JOBBIE (DOPMBI Kabapru, OOUTAIO-
mue Ha A3UATCKOM MaTepuke [5].
CHIXEHHE Pa3HOO6pa3Us MPOUC-
XOJUT HE 32 CYET COKpallCHUA
YHCId HU30JUPOBAHHBIX JIOKAJIb-
HBIX TPYNIUPOBOK, 4 U3-34 CHIKEHNA UX YUCIEHHOC-
TH U IJIOIAU 3AHUMAEMBIX UMU TEPPUTOPUIL.
OTMETUM TAKXKeE, YTO MEJKME PA3MEPDI TEJA, ITHU-
meBas CHerUuann3alus, a TAKKe CTEHOOHOHTHOCTL**
OKa3JIMUCh TEMHU BUJIOBBIMU XAPAKTEPUCTUKAMU, KO-
TOPBIE NPENATCTBYIOT JOJTOBPEMEHHOMY BBIKHBA-
HHUIO CAXaJUHCKON Kabapru. ExeropjHoe yHUUTOXE-
HHE PYOKAMM CIENIBIX TOPHO-TAEKHBIX JIECOB BJIEUET
32 COOOM MCYE3HOBEHUE BNUQPUTHBIX JUIMIANHU-
KOB — OCHOBHOI'O KOpMa Ka06apru — U JIEJIAET JIECO-
CEKHU, KAK MOKA3aJIM HAIIU MOJEBBIE HUCCIEJOBAHUS,
HENPUTOJHBIMU JJI1 OOUTAHUSA KUBOTHBIX HA IPOTA-
JKEHUM JIeCATUNETUH. Eme COXpaHUBIINECT OCTPOB-
HBIE XBOWHBIE JIECA, KAK MPOAYLIEHTBHl MUQPUTHBIX
JUIIAMHUKOB, OKA3BIBAIOTCA YA3BUMBIMU B HACTOA-
mee BpeMs PH BO3/JCHCTBUN HA HUX AK€ OHOTO U3
A0MOTHYECKUX (DAKTOPOB, HATIPU-
MEp XHUMHUUYECKOTO 3arpsA3HEHUS
BO3/yx4d. M3 BCEX MMEIOMMUXCA HA
CaxanuHe NPOMBIIUIEHHBIX HC-
TOYHUKOB XUMHUYECKUX BEIOPOCOB
3aBOJ] JUIS CKMIKEHUSA MPUPOJHO-
I'o rasa, HOCTPOEHHBIM B Hayale
2000-x rOMOB, CTaJ1 OCHOBHBIM
NPOU3BOJUTENEM TMOETbHBIX OT-
X0JJ0B. ET0 BBIOPOCH OKA3aJIHUCH

* TATIOTHIT (COKP. OT <«TATUIOMHBII I€HO-
TUI») — COBOKYIHOCTB QJUICJICH HA JIOKY-
CaxX OJHOHN XPOMOCOMBI, OOBIYHO HACJIELY-
€MBIX BMECTE.

** CTeHOGMOHTBI — BHJIBI Y3KO 4/[AIITHPO-
BaHHBIE K CPEJIE OOUTAHUA B CHITy MOP(O-
JIOTUYECKUX, (PU3HUOJIOTMUECKUX U IIOBE-
JIEHYECKHUX OCOO6EHHOCTEH. CTEHOOUOHT-
HOCTb Ka6apru OOYCJIOBJIEHA IIHIIEBOM
CHELUATU3ALUEN 1 OOOPOHUTEBHBIM I10-
BEJICHUEM T10 OTHOIIEHUIO K XUITTHUKAM.

¥uBoTHble HacensioT ropHele neca CaxanuHa (ToHMHO-AHUBCKUI XxpebeT).

HanbOJI€eE OMACHBI s CPeJbl OOUTAHUSL KaOapru.
XUMHUYECKHUE 3AIPA3HUTENN BBIOPOCOB I'da30BOH MIPO-
MBIIJIEHHOCTH OTPUIIATEIbHO BO3JCHUCTBYIOT IIPEK-
Jie BCEro HA 3MUQUTHBIC JUIIANHUKU. A 3TO MOXKET
NPUBECTU K BBIMUPAHUIO Ka6apru M3-3a HEJOCTATKA
KOpMd B IIEPBYIO O4Y€PE]b B I0)KHOU U LIEHTPAJIbHON
4aCcTAX OCTPOBA.

JO caMBIX HEIaBHUX IOP OXpaHa Kadapru 6a3u-
pOBaJach Hd MOHUTOPHUHIE €€ YUCICHHOCTU 6€3
KOHTPOJII COXPAHHOCTH MECTOOOUTAHUI, HO 3TOT
IIOAXOJ HE JaJI IOJOXKUTEIbHBIX PE3yabraToB. IIo
O(pUIINATBHON CTATUCTUKE, IJIOMAb TEMHOXBOU-
HBIX CIIEJBIX U IEPECTONHBIX JIECOB (T.€. COXPAHUB-
MIMXCS MOTEHIUAIBHBIX MECTOOOUTAHUN OCTPOBHO-
ro nojsyuzia) Ha CaxajuHE B HACTOAILEE BPEMA CO-
CTaBIsAeT OKOJO 650 ThiC. ra. EXXErofgHo Ha OCTPOBE

B3pocnblit camey, kabapru.
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3KCKpEMEHTbI M naxyyuve MeTKW yKa3biBaloT Ha NPpUCyTCTBUE Ka6aprm B 0yarax oouTaHus.

Mogpocwue neca nocne pybok HenpurogHsl Ans 06UTaHUs Kabapru u3-3a OTCyTCT-
BUS ANUDUTHBIX NULWANHUKOB.

PaspyleHHble NoXapamu MECTOOBUTAHMS.

B PE3YJIBTATE TOJBKO JIECHBIX I1O-
JKAPOB yTPAUUBAECTCA 2.5—3% 110~
magu MECTOOOUTAHUN Kabapry,
YTO B KOHEUHOM UTOT€ BEJIET K CO-
KPAI[EHUIO aPEANOB OTJEIbHBIX
NPOCTPAHCTBEHHBIX TPYIIUPO-
BOK M UX YUCJIEHHOCTH. Exeroju-
Has yTpaTa IUIONAfeit MecToo6u-
TaHUH OT PYOOK JI€Ca U MOXKAPOB
B COBOKYIHOCTH [JOCTHUIA€T 5%.
Jdemorpapuueckue NpOBanbl Ca-
XAJIMHCKOM KaOapru u3-3a BIUS-
HHUA TOJBKO 3THUX HETATUBHBIX
(paKTOPOB 3HAYUTEIBHBI U OYAYT
OIPENENATh BEPOATHOCTb BBIMU-
paHUA 3TUX KONBITHBIX B TEYECHUE
Oonmxanmux 20 Jer.

[Ipn pa3zpaboTKe KPUTEPUEB
BBUKMBAHUS CAXAJMHCKOM Kabap-
I'Ml BO)KHO YYUTBHIBATH OCOHBEHHOC-
THU €€ METAIONYIAIITMOHHON CTPYK-
Typbl. OCTPOBHAS MOMYJIALUSA, KAK
YK€ OTMEUANIOCh, MPEACTABIEHA
CEMBIO T'eOrpaUYECKr HU30JUPO-
BAHHBIMM BHYTPUIONYJIAIMOHHBI-
MU TPYNNUPOBKAMH, WIN METAIO-
nyranuaMu. Kak g yCTaHOBUI,
HU O/IHA U3 CYMIECTBYIOMIUX B Ha-
CTOSIEE BPEMA BHYTPHUIIOMYJIA-
LIMOHHBIX T'PYNIMPOBOK HE 006Na-
gaerT 3PPEKTUBHON YUCIEHHOC-
TbIO, paBHON 102 pasmMHOXKAIO-
MUMCS CAMKaM. B ueTwpex rpym-
IMPOBKAX MX PECYPCHl (BKIKOYA-
IOMUE CAMI[OB M CAMOK BCEX BO3-
pactoB) He npespimaloT 30 0co-
6€M, B IPYTUX TPEX UYUCIEHHOCTb
cocTtasasier or 30 g0 125 KUBOT-
HBIX, IIPU 3TOM TOJIbKO HE3HAYU-
TeJIbHAsd 4aCTbh M3 HUX CIHOCOOHA
K pa3MHOXeHUIO. HU3Kadg u Bapbu-
pylomas YuCIEHHOCTh OCTPOBHBIX

ODIPHUPOITA » Ne5 « 2017



IPYNIIAPOBOK, 3aBUCAIAA IJIAB-
HBIM 00pPa30M OT BHEIIHUX (PAKTO-
POB, IPOAOJIKUT HUCTOLATh I'€HE-
TUYECKOE PA3HOOOPA3UE IMOMYIIA-
LUU B PAAY MOCJIEAVIOMUX MOKO-
nenuu. Tonbko 3a nepuop ¢ 2009
no 20151, PaKTUYECKH 32 OJHO
MIOKOJIEHUE, OTMEYEHO COKpalle-
HHE PECYPCOB OCTPOBHOTIO MO/IBU-
Ja B 1Ba pa3a. [IByKpaTHOE CHUIKE-
HHME YUCIEHHOCTH MOMYJIALNHN YKE
IIPUBEJIO K 3HAYUTENBHON yTpaTe
obmen reTepo3uroTHOCTU CaxXa-
JUHCKOM Ka6apru, 4To MOATBEPXK-
JA€TCS MOSBIEHUEM HA OCTPOBE
0coben-anb6uHOCOB [15].

Huskue teMnbl BOCIPOU3BOJI-
CTBA — OJIUH U3 KJIIOYEBBIX (DAKTO-
poOB CIaja JUHAMUKHA OCTPOBHOM
nonynauuu kabapru. Haubosee
NPOJYKTUBHAS YaCTh Y 3TOrO MOJ-
BU/IAa — 3TO CPEAHEBO3PACTHBIE
(3-5 ner) camku. OKa3aa0Ch, YTO
CpeaHAs peanusyeMas pOXKAde-
MOCTB /I CAXAJTUHCKON Ka0apru
(Ha MapuIpyTax B IPUPOJIEC BCTPE-
4eHO 11 B3pOC/IBIX CAMOK U OJUH
TEJIEHOK) COCTABJAET B OIATONPU-
STHBIE TOJBI UL 0.1 TeleHKa Ha
CaMKy B roj. Bo Bcex obcneioBan-
HBIX TPYIIIMPOBKAX, PA3MEIECH-
HBIX B I[CHTPAJIbHOM U I0KHOU 4a-
crax CaxaluHa, CMEPTHOCTb YXKe
MPEBBICUIIA TEMIIBI POKAAEMOCTH.

OTCyTCTBHE POCTA I'PYHIIUPO-
BOK 3a mociueauue 20 JIeT 06bsic-
HAETCA TAKKE BBICOKMM YyDOB-
HEM CMEPTHOCTHU TENAT-CETONETOK
B KPUTHUYECKU TPYAHBIA I KU-
BOTHBIX 3UMHHI nepuoj. Caxa-
JIMHCKOI Kabapre CBOUCTBEH TaK-
JK€ HU3KHUHM IPOLIEHT CAMOK, IIPH-
HUMAIOMKUX Y94CTUE B PA3ZMHOXKE-
HUHU. Ha TeMIbl BOCIPOU3BO/ICTBA
B OCHOBHBIX T'PYNIHPOBKAX OCT-
POBHOTO MOJBU/A CYI[ECTBEHHOE BIUAHUE OKA3BIBAECT
COOTHOIIEHHUE IIOJOB CPEAU B3POCIABIX OCOOEI.
Bo Bcex o6¢/IeJoOBAHHBIX HAMH OYarax OO6UTAHUSI Ka-
6apru ObJIO OTMEUEHO NIPEOHIIAJAHNUE CAMOK HAJ| CaM-
namu (coorHomenue 3:1), B TO BpeMs KaK B CTa0UJIb-
HBIX IO YUCJIEHHOCTH MATEPUKOBBIX MONYIALUAX BU-
Jla COOTHOLIEHUE TOJIOB CPEAU B3POCIBIX KUBOTHBIX
paBHoO 1:1. Xapaxkrep CBA3M MEXIY HU3KUM YPOBHEM
BBIKHMBAHUA MOTOMCTBA U HAPYIIEHUEM €CTECTBEHHOMN
MPOINOPIUUA TIONOB OOBACHAETCA BBLICOKUM YPOBHEM
CMEPTHOCTHU CPEAU CAMIIOB BCEX BO3PACTOB U3-34 PA3-
HBIX CTPATETUH KOPMOJOOBIBAHUSA Y PA3HOIOJBIX OCO-
6¢it. TTo HamuM HABTIOAECHUAM, CAMKH Yallle KOPMATCS
Yy BETPOBAJIBHBIX JJEPEBBEB WX B MECTAX JIOKAJILHOTO
CKOIUIEHUSA JIMIIAMHUKOBOTO KOPM4, B TO BPEMSA KaK

B3pocnas camka kabapru.

y CaMI[OB IPeO6IaAET KOPMIIEHHE BO BPEMSA IIEPEMeE-
MIEHUI [0 Y4aCcTKaM oOuTaHusl. Hu3kue 3amacel anu-
(PUTHBIX TUIIAMHUKOB (MeHEE 1 KI'/Ta) B O4arax ux cy-
MIECTBOBAHUA OTPAHNYMUBAIOT IUTAHUE CAMIIOB, COOHU-
palomyX ONdBIIME YACTU C IOBEPXHOCTH CHEra Ha
MApUIPYTAX [EPEABMXKEHUSA, U3-34 YE€TO OHU 4Yalle,
4YEM CAMKM I'MOHYT B 3UMHee BpeMd. [ CaxanuHa xa-
paxkTepHa 06mas HU3KAA NPOAYKTUBHOCTb TOPHO-TA-
€XHBIX JIECOB, OCOOEHHO IO 34IacaM JUMIANHUKOB,
UYTO CAEPKUBAET OCBOECHHE KAO6APIOM HOBBIX JIECHBIX
TEPPUTOPUHA U OOBACHAET MATHUCTBINA XapaKTepP pPas-
MEIEHU KUBOTHBIX B TOPHOU MECTHOCTH.
HesakonHad J06BIYA JKUBOTHBIX — 3TO TAKXKE
BAKHBIN (DAKTOP CHUKEHHUSA YHUCIEHHOCTH Kabapru
Ha CaxanuHe. Tonpko 3a nepuop ¢ 1990 mo 1994 r.,
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11O HAIIEH OIeHKE, ObIJIO HE3AKOHHO JJOOBITO OKOJIO
600-650 ocobett [16]. O6mHMit YpoH OT 6PAKOHBEP-
CTBA JJOCTUTAET B mocaeaHue roabl 10—15 JKUBOTHBIX.

& ok ok

[TonyyeHHBIE HA PyOEKE THICAUEICTUN HOBBIEC
JAHHBIE CBHUJETENbCTBYIOT, UTO NPUYUHA KATACTPO-
(pHUUECKOTO CHUKEHUS YUCJICHHOCTU U BEPOATHOIO
IPAYMIETO BBIMUPAHUA CAXATUHCKON Kabapru obyc-
JIOBJIEHA IVIABHBIM 06PA30M XO3AUCTBEHHOI JI€ATENb-
HOCTBIO 4Y€JOBE€KA. MHOI'OJETHUN OTPULIATEIbHBIN
TPEHJ] VKA3BIBAET HA TO, YTO HA 3AKJIIOYHUTEIBHOM
3TAIle COKPAIEHUA YUCIEHHOCTH OCTPOBHOM IOIIY-
JALUUU 32/ICCTBOBAH MEXAHU3M CHIDKEHHUS PEINPO-
OYKTUBHOI'O IOTEHI[MAJIA, BKIIOYAIOMUN IMpEBBIIIE-
HHE CMEPTHOCTH HAJ| POXKAAEMOCTBIO. OH HMEET
ONOCPEJOBAHHBIE CBA3M C NMPOLECCAMU PA3PYIIEHUA
cpebl OOUTAHUA, IPUBOAAIUMU K YTPATE JINIMANHN-
KOB — OCHOBHOI KOPMOBOH 6a3bl KabGapru. Cospe-
MEHHOE€ CHUKEHME UYMCICHHOCTM HANOMUHAET Jie-
npeccuio XIX B., KOIrjja peCcypchl CaxaauHCKON Kabap-
I'Ml COKPATHUIMCDH C HECKOJIbKUX THICAY IO COTEH OCO-

Jintepartypa

6€i1, HO cIajl He nepemien pybex HeoOpaTuMoro uc-
YE3HOBEHUS MOJBU/IA B YCIOBUAX COXPAHEHUSA B TOT
NEPHUOJ €II€ HE PA3PYHMIEHHBIX YEJTOBEKOM MECTO-
oburanun. I[IpOrHO3UPYEMOE BBIMUPAHUE OCTPOB-
HOW MONYJIALNU NOCAEAYET NPU CHUKEHUU PECYPCOB
MOJBU/IA HUKE TOPOTOBOTO YPOBHA, OTU3KOTO K JIBY-
KpaTHOU uyucieHHocTu (200-220 ocoben) MUHU-
M4JIBHOM JKHU3HECIOCOOHOU NONyasanuu, o0OyCaOB-
JIEHHOU KaK OMOJIOTUYECKUMU OCOOEHHOCTAMU BU/IA,
Tak U (pakropaMu cpenbl. [TOCKONbKY COBPEMEHHAA
YUCIEHHOCTh CAXAJNMHCKOU Ka0ApIru NPaKTUYECKU
JOCTHUINIA 3TOTO YPOBHA, BEPOATHOCTb BBIKHUBAHUA
OCTPOBHOTO NOABUJA GyJET ONPEAENATbCA TPOJOII-
JKUTEJIbHOCTBIO CYNIIECTBOBAHUS BCEX €r0O TPYNIUPO-
BOK, U30JTUPOBAHHBLIX I'€OrpapUUECKU B HACTOAIICE
BpeMs. YUUTBIBAA CJIOKHBIN XAPAKTEP OTHOLICHUN
JUKHUX KOTBITHBIX CO CPENON OOUTAHUA U PA3TUUUAL
B NIIPOJOJIKUTENBHOCTH KU3HU OTHENBHBIX OCOOEH,
MOYKHO JJOIIYCTUTD CYIIECTBOBAHUE CAXAJIMHCKON Ka-
6apru Ha NPOTSKEHUHU BCETO UMb ABYX OMMKANITHUX
JOECATUIETUH. Y HAC OCTAJICA OCIEJHUN MAHC U €CTh
€IIe BpeMsl, UTOOBI CACTH OCTPOBHYIO (DOPMY. W
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ACTPODPU3UKA U 3BE3SAHAS ACTPOHOMMUS

[paBUMAayUOHHOE AUH3UPOBAHUE

CBEepXHoOBoOU

0O.10.1lynko,

Kanouoam PGu3duKo-mamemamureckKux nayx
Hucmumym xocmureckux uccreoosanuti PAH
Mockea

€/JABHO NPOU3OILIO HEOBIBANIOE, KA3a7I0Ch OB,

cobbITHE: OBUIO 3apaHEE OIPEJENEHO, TIJe

BCIIBIXHET CBEPXHOBAS, U NPEACKAZAHUE TIOJI-
HOCTBIO ONIPABAAIOCh. Ha caMoM Jiene HU4ero yAuBuU-
TEJIBHOI'O B 3TOM (PAKTE HET, HO, UTOOBI IIOHATH IIPU-
YHUHY IEPBOTO MOJOOHOTO yCIexa, MPUIETCS C/IeIATh
HEOO0JIBIIOE BBEICHUE.

HanmoMHUM, 4TO 3pEHUE, KAK U JTI0O0M APYrOn Me-
XAHU3M YEJTOBEUYECKOTO BOCIPUATHUSA, HHOTJA MOXET
OBbITh OUEHb OOMAHYUBBEIM. BOOOIE TOBOPS, MBI HU-
KOT/Jd HE BUJUM IIPEAMETHl TAKUMHU, KAKME OHU €CTb.
Bo-nepBBIX, HCOYI[EHHOMY WJIH OTPA)KEHHOMY OOB-
€KTOM JIY4y CBETA HYXHO BpEMs, YTOOBI JAOUTU /10
HAC, T.€. MBI BCETJA HA6JII0/Ja€M UX COCTOSHUE B IIPO-
nIoM. Pagymeercs, 3anasiblBAHUE CBETA CTAHOBUTCA
CYIMECTBEHHBIM JIMIIb HA KOCMHUYECKUX MACIITA0AX.
Tak, Ha nyTb 0T CONMHIA 10 3EMJIM JIyYU TPATAT OKOJIO
BOCBMU MUHYT. B ciyuae xe emje 6oJee JaIeKux 06b-
€KTOB CBETY TPEOYETCA MIWITHOHBI I MUJITHAP/BI JIET,
9TOOBl JOOPAaThCA O HAC. BO-BTOPBLIX, Halle 3pU-
TENIBHOE BOCHPUATHE HACTPOEHO HA TO, YTO CBET
pacnpocTpandgeTca NpAMOJUHENHO. Ecan ke o pas-
HBIM IIPUYUHAM JIYY UAET K HAM 10 KPUBOJIUHEUHOU
TPAEKTOPUH, BUIUMBIC TOJIOKEHUE U popMa Ipej-
METOB UCKaxaloTcda. Hanpumep, us-3a apdexra npe-
JIOMJIEHUS U300paKEHUE NIPU B3TJIAJE YEPE3 ONTUYE-
CKYVIO JIMH3Y OTJIUYA€TCSA OT UCTUHHOTO, JIOXKKA B CTa-
KaH€ BOJBI KAXKETCHA CIOMAHHON, a4 TIyOMHA BOJO-
€Ma — MECHBIIEU, YEM B JICHCTBUTEIbHOCTHU. bbIBAECT
u eme 60Jiee UHTEPECHAA CUTYAIUS: MOXET CYIIECT-
BOBATb HECKOJIBKO TPAEKTOPHUH, IO KOTOPBIM JIy4
CBETA MOMAJAE€T OT MPEAMETA HAM B IJa3d. B atom
CJly4ae BUJAHBI HECKOJBKO HM300pPAKEHUN OJHOTO
1 TOTO K€ NpeJMeTa, KAK 3TO NPOUCXOJUT, HATIPU-
MEp, B 3€pKae.

OJIHAKO JIy4U CBETA MOTYT OTKJIOHATBHCA OT Ips-
MOJHUHEUHOTO PACHPOCTPAHEHUSA HE TONBKO U3-32
a(pdeKTa NPEIOMIEHUS, HO U N0 JAPYIUM NpPUYHU-
HAM — HAIIPUMEP, OKOJO MACCUBHBIX OOBEKTOB MOJ
JENCTBUEM UX I'paBUTAIMU. COBPEMEHHOE ONNMCAHNE
CWJIBHO T'PABUTUPYIOMIUX MACC OCHOBAHO Ha O6men
Teopuu oTHOCUTenpHOCTH DitHmTEeHHA (OTO). OTO
MIO3BOJIAET ONUCHIBATD JIBUKEHUE OO'BEKTOB B I'PABU-
TaIJMUOHHOM IOJIE GOJNEE TOYHO, YEM 3aKOH BCEMUP-

© IIynko O.10., 2017

HOTO TArotreHus HpioToHA. Kpome TOro, oHa npes-
CKa3BIBAET HECKOJBKO (PU3UYECKUX IPPEKTOB, OT-
CYTCTBYIOIIUX B HBIOTOHOBCKOI TEOPUHU (COOCTBEH-
HO, IIPOBEPKA 3TUX 3(P(PEKTOB NPpU HAGIIOJCHUN 34
KOCMMYECKUMU OO'bEKTAMU — UX JBUKEHHUEM, CTPOE-
HHUEM, CBOHCTBAMU — U YOEAUIA YUEHBIX B CIPABEJ-
nusoctu OTO).

B uacrHocTth, cornacuo OTO, nay4n CBETA NpHU
MPOJIETE OKOJO MACCUBHBIX OOBEKTOB OTKIOHAIOTCSA
(puc.1). O1oT 3(PPEKT U CBA3AHHBIE C HUM (PU3NYUEC-
Kue ABjieHud (Kpyr KOTOPBIX JOBOJBHO IMUPOK) MOXK-
HO OO6HAPYKUTH TONBKO B KOCMOCE, IPU ACTPOHOMHU-
YECKUX HAOIIOJEHUAX, KOIJA CBET ABHKETCA OKOJIO
OYEHb TSKENBIX TeJl. [10 AaHAJIOTUHU C CAMBIM U3BECT-
HBIM ONTHYECKUM MHCTPYMEHTOM — JIMH30U — €T0
0603HAYAIOT KdK I'PABUTALIMOHHOE JIMH3UPOBAHUE.

JIyyu cBETa OT /JaJIEKUX HCTOUYHHUKOB 34 CBOH J10JI-
r'uit nyTh N0 BeeneHHo Kk 3emiie MOTYT OTKIOHATBCS

Puc.1. OTKNnOHeHMe Nyya CBETA, NPOXOAALLEr0 OKONO MACCUB-
HOTo Tena. Yron oTKNOHEHMs TeM bonblue, Yem GanKe Nyy OKa-
3bIBaeTCA K TeNy v yem Gonblie macca Tena. B pesynbrate Ha-
Gn10faeMoe YINOBOE NOJNIOXKEHME [ANeKoro UCTOYHUKA CBeTa
W3MEHSETCs M3-3a rPaBMTALUOHHOMO NMH3UPOBAHUSA.

45-”4199”9009 21912 H0
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Puc.2. Bo3HnkHoBeHue ABYX M306pa)KeHVIVI OAHOrO N TOro XXe NCTOYHUKA Npu rpaBu-
TauMOHHOM NNH3MPOBAHWUU 3a CYET TOTO, YTO Jiy4u CBETA orubator JINH3Y C ABYX CTO-
POH. B tom mecTe H66a, rae UCTOYHUK peanbHO HaxoauTCA, OH He Ha6monaeTc;|.

CnpaBa nokasaHo, KaKk 3T0 BUAMT Habnogatens.

P43JIMYHBIMU ACTPOHOMUYECKUMU OO'BEKTAMU: 3BE3-
JlaMU, TATAKTUKAMU, CKOTUIEHUSIMU TalaKTUK. B aTOM
cJlydae 3Be3/1d, IaJIAKTUKA WM CKOIUICHUE HA3bIBACT-
CSl 'PABUTALIMOHHON JIMH30M, HAOIIONATENb XKE BU-
JUT UCTOYHHUK HE TaM, I'/Ie TOT HAd CAMOM JI€JI€ HAXO-
JUTCS, 4 B JPYrOoM MecTe Ha Hebe (cM. puc.l).

OJHO U3 CaMBIX KPACUBBIX IIPOSBICHUN I'DABUTA-
LIMOHHOI'O IMH3UPOBAHUSA COCTOUT B BOSHUKHOBCHUU

5\

. e

O O

Puc.3. Bo3HMKHOBEHME BBITAHYTBIX AYT U KOAbLA INHWTERHA—
XBO/NIbCOHA NpU rpaBUTALMOHHOM NUH3MpOBaHUU. Yem Gnuxe
peanbHoe NOJ0XEHNe NCTOYHMKA K IMHUK, NPOXOAAlLEN Yepes
Habnopatens u AnH3y (T.€. K LEHTPY KapTUHKK), Tem Gosee Bbi-
TAHYTBIMW CTAaHOBATCA ABA U306paxeHUsA-ayru. Ecam nctouuk,
JIMH3a W HabnlofaTeNnb HaXOAATCA Ha OAHOW NpAMOi, Habntoaa-
TeNb BUAKT OJHO U300paXKeHMe UCTOUHMKA B BUAE KONbLA.

o

(ero Mbl He BUAKMM)

n3obpaxeHune

MHOTI'OKPATHBIX U300pKEHUN OfI-
HOT'O U TOTO K€ UCTOYHUKA, €CIU
CBET HUJET C PA3HBIX CTOPOH OT
MuH3H (puc.2). I[Ipu aToM n3obpa-
JKEHHUSA MOTYT OBITh CHUJIbHO HCKa-
KEHBI, YTO NPOWIIIOCTPUPOBAHO
Ha puc.3. MHorga pacnpejenenue
MaCChl B JINH3€ TAKOBO, 4TO CYIIe-
CTBYET HECKOJIBKO (60j€e IBYX)
TPAEKTOPUH, 10 KOTOPBHIM JIy4u
MOTYT JJOCTUYb HAOMIOAATENS, —
TOTZIa MBI YBUJUM Ha HeGE CTOJNb-
KO JK€ U300pAKEHUN, HAXOAIUX-
cs1 6IU3KO APYr oT Apyra. CaMmbli
M3BECTHBIN NPUMEP BO3HUKHOBE-
HHUSA HECKOJIBKHUX H300PAXKEHUIN
IIPU TPABUTALUOHHOM JHH3HUPO-
BAHUU — TAK HA3BIBAEMBIA KPECT
DHUHIITENHA, YeThpe U300paxe-
HUS OJTHOTO U TOT'O K€ YJAJIEHHOTO
ucTounuka (puc.4). Takux na6mo-
JATENbHBIX NPUMEPOB, B KOTOPBIX
€CTh HECKOJIBKO H300PaAKEHUN,
YK€ HAKOIUIEHO OOJIBIIE COTHHU.

'paBUTALIMOHHOE TUH3UPOBAHUE CENYAC CIYXKUT
MOIIHEHUIIUM ACTPOPU3NIECKUM UHCTPYMEHTOM JJIA
nposepku OTO, 111 U3Y4EHUA YAATEHHBIX OOBEKTOB,
pacnpefeneHus TEMHON MAaTEPUU M KPYIMHOMAC-
MTA6HOU CTPYKTYPHI BCENEHHON, PETUKTOBOTO U3IY-
YEHUA U JAXKE JIIA OTKPBITHSA IJIAHET.

O/IHO M3 HOBBIX HAINPABJICHUN B UCCIEJOBAHUAX
I'PaBUTAITMOHHOIO JIMH3UPOBAHUS — Y4€T IIa3Mbl [1].
ITpu pacuere u aHanuse 3P@EKTOB rPaBUTAIIMOHHOIO
JUH3UPOBAHUA OOBIYHO CUUTAETCSA, YTO CBET PACIPO-
CTpaHAeTCA B Bakyyme. OIHAKO KOCMHMYECKAA Cpena
3AIIOTHEHA MEX3BE3HBIM I'd30M, KOTOPBIA HAXOJUTCA
B MOHU3UPOBAHHOM COCTOSHUH, T.€. PEATBHO JIyud
CBETA HA NYTH OT UCTOUHMKA K HAOGIIOATEIO PACIIPO-
CTPAHAIOTCA 4Yepe3 IIa3My. B ee IPUCYTCTBUHU YIJIBI
OTKJIOHEHUS JIY4E€HU OTIUYAIOTCH OT Cy4ast BAKyyMa.

VYIibl OTKJIOHEHHS CBETA INPHU OJHOBPEMEHHOM
BJIUAHUU U I'PABUTALMUN, U TUIA3MBI CTAHOBUTCA Cy-
MIECTBEHHO CIOXKHEE PACCYUTATH. BO-NEPBBIX, MO-
ABUTCS JOMOJTHUTENbHOE OTKIOHEHHE 32 CUET HEOJI-
HOPOJHOCTHU IIJIA3MBl, YEPE3 KOTOPYIO PACHPOCTPa-
HAIOTCS JIYYH, T.€. IPEIOMIEHUE. BO-BTOPBIX, I'PABU-
TAIIMOHHOE OTKJIOHEHHE CAMO IO cebe CTAHOBUTCA
APYTUM, €CIN JIyY JABUKETCA HE B BAKYyM€, 4 B IIA3-
Me. A HaJIM4ue QUCHEPCUN (3aBUCUMOCTHU TPAEKTO-
pPUH OT YACTOTH CBETA) IJIA3Mbl MPUBOJUT K TOMY,
YTO TIOJNIYYAIOMMUECA YIJBl OTKIOHEHHUS HE TOJIBKO
OTJIUYAIOTCA OT BAKYYMHBIX, HO U 3aBUCAT OT 4aCTO-
TH (POTOHOB.

Ecnu rpaBUTAllMOHHAA JIMH34 OKPYKEHA ILIA3-
MOI, JIy4d CBETA PA3HBIX YACTOT OTKJIOHSIOTCS Ha
pa3HbIE YIJIbL, T.€. OHA, NOJOOHO NIPU3ME, PACKIA[bI-
BAE€T CBET B CHEKTP. B T€X rpaBUTAIIMOHHO-JINH30-
BBIX CUCTEMAX, IJI€ MBI BUJJUM HECKOJBKO U300paxe-
HUI, 61arojjapsa NPUCYTCTBUIO IUIA3MBI MOJOXKEHUE
3TUX HU300paAKEHUN OyleT HEMHOTO Pa3IndaTbCs

m3obpaxeHue

)

WCTOYHWK
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IIpY HAOJIO/JCHUN HA PAa3HBIX 4yacToTax (puc.5). Ha-
nbosee CymecTBEHHO 3TOT 3(PHEKT NPOABIAETCA
JUISL 4aCTOT PaJUO/IMANIa30HA, U IONBITAThCA OOHA-
PYXKUTb €0 MOXHO, IIPOBOJA HAOGJIIOJEHUS HA pa-
JUOTENECKONAX U CPABHUBAA IOTYYEHHBIE PE3YIIbTA-
TBHl Hd PA3HBIX 44ACTOTAX. TaK MOXKHO NOIYYUTh MH-
(GopManmnIo O CBOMCTBAX BEMIECTBA, OKPYKAIOMIETO
I'PABUTAIIMOHHYIO JIMH3Y, U, KDOME TOTO, JJOMOJHHU-
TeabHO nposepuTh OTO.

HenaBHO M NPOHAGIIONANIN BIEPBLIE TPABUTALIU-
OHHO€ JIMH3UPOBAHUE CBEPXHOBOI, NMPUYEM CJABHU-
HYTO€ IO BPEMEHHU. BaXHad OCOOGEHHOCTbL CHUCTEM
THUIIA KPECTA DUHIITENHA — TO, YTO CBET OT KAXKJOI'0
N300paXKEHUA UET K HABJIIO/JATENIO JOBIIE, YEM €C-
71 OBl OH IIEJ IO NPSAMOU JIMHUU B OTCYTCTBUE JTUH-
3pl. BpeMeHHas 3a/1epKKA IO CPABHEHUIO C MPSAMO-
JTUHEUHBIM NPUXOJOM CBETA CKIAJABIBAETCA U3 JABYX
yacTen. Bo-nepBhIX, IPU HATUYNU I'PABUTAIUOHHO-
Io OTKJIOHEHHUA YUIMHAETCA CaMd TpaekTopud. Bo-
BTOPBIX, CBET PACIPOCTPAHIETCS YEpe3 IPaBUTAIU-
OHHOE€ 1oJie, a B coorsercTBuu ¢ OTO Bpems OKOJIO
IPABUTUPYIONUX TEJN UJET MO-APYIOMY — MEJJIEH-
Hee. [TOCKONBKY J1yud, (POPMHUPYIOMHUE KAXKLOE U3006-
paxXeHue, HUAYT IO PAa3JTUYHBIM TPAEKTOPHUAM,
TO M BPEMEHHAA 33/I€PKKA JUIA KAXKJOro n3obpaxe-
HHUS — HEMHOT'O Pa3Had. 3HAYUT, €CIU B CAMOM HC-
TOYHHUKE NPOU3ONIIO KAKOE-TO COOBITHE (M3MEHe-
HHE MOTOKA4, HAIPUMEP), ACTPOHOM YBUJUT ITO CO-
OBITHE HECKOJIbKO pa3 B pa3Hoe Bpewms! Ilpu aTom
XOpOIIO, €CIU 3TO COOBITUE CUIBHO BBIJAENAETCA HA
(oHE OCTANbHBIX HAOMIOAECHUN, — TOIJad OHO OyAeT
XOPOIIO «y3HABAEMO» B KaXJOM H300paKECHUHU.
B3pbIB CBEPXHOBOU — OYEHDb yJAUYHBIM KAHAUJAT
B 3TOM OTHOIIEHUHU.

CBEpXHOBAA 3B€3/]d, WIHU NPOCTO CBEPXHOBAA,

NPEJCTABIAET COOOU PE3KYIO BCIBIIIKY 3BE3/IBI C BbIJIE-
JICHUEM OTIPOMHOIO KOJIMYECTBA 3IHEPIUU. TaKou
B3PBIB IPOUCXOAUT B KOHIIE 3BOJIOIUN HEKOTOPBIX
3BE3/] U IO APKOCTU MOKET CPABHUTBCH C APKOCTBHIO
BCEUM TAJAKTUKH, B KOTOPOH 3T4
3B€3/]a BCIBIXHYNA. [N y4EHBIX
CBEPXHOBBIE TIPEJCTABIAIOT OOJNb-
HIOM MHTEPEC, TAK KAK IIO3BOJISAIOT
«3arJHYTBH» U B TEOPUIO CTPOCHUSA
1 3BOJIOLIUU 3BE3J], U JAXKE B KOC-
MOJIOTHIO.

B 1964 1. HOPBEKCKMIT aCTPO-
¢pusuk C.Pedcpan onybiuKOBaAI °
TEOPETUUYECKYIO pabOoTy, B KOTO- N
pOHM ONHCBHIBAJI I'PABUTAIMOHHOE
JMH3UPOBAHUE CBEPXHOBON [2].
ITOCKONBKY CBET OT CBEPXHOBOI
MOXKET HJTH PA3HBIMU IyTSAMH,

Puc.4. TpaButaumoHHas nun3a G2237+0305, yacTo Ha3biBae-
Mas KpectoMm IJiHWTeiHHa, no HabnlofeHUaM Teneckona
«Xa66n». BuaHbl yeTbipe M306paXeHNs OAHOIO M TOTO e KBa-
3apa (BaneKkoro UCTOYHWKA, NPeACTaBAstoLEro coboit akTuB-
HOe ALPO ranakTMKM — KOMMAKTHY0 06/1acTb, OKpyKalowyio
CBEPXMACCUBHYIO YEPHYIO AbIpY). ITOT KBa3ap HaxoAWUTCA OT
Hac Ha PaccTosHWUM 8 MAPA CB. feT. JINH30ii BbICTYNaeT ranak-
TWKa, HaxopAAwWasnca 6anxe, Ha pacctosHun 400 MAH CB. NeT.
flpkoe Afpo NUH3MpYIOLEN ranakTUKM BUAHO Ha 3Tom ¢oTo
B LeHTpe. CynTaeTcs, YTo B LLeHTPE AOMKHO ObITh TaKKe NaToe
“300paxeHne KBasapa, 04eHb cnaboe u NoToMy TPYAHO Bblge-
nsieMoe Ha oHe ranakTUKU-NUH3bI.
hubblesite.org/image/22/news_release/1990-20

13 PA3HUIIBI BO BPEMEHHU, IO uzaee Pedcaana, MOXKHO
OIPEENUTD NOCTOSHHYIO Xa66J14 U MACCY INH3UPYIO-
e raJakTuKy,

Briepsbie npoHA610/1aTh ITOJOOHOE JTHMH3UPOBA-
HHE CBEPXHOBOM Y/IaJIOCh TOJNBKO crycTd 50 neT. B Ho-
a6pe 2014 1. aCTPOHOMBI YBUIEJIN CPA3Y YETHIPE U300-
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4 Pa3HHUIIA MEKAY BpeMEHAMU JBU-
JKEHUS CBETA MO 3TUM TPAEKTOPHU-
SIM  MOJKET COCTABJSITH MECSIIBI
U J22Ke OOJIbIIE, HAOII0ATE/Ib CHA-
4aJ1a YBU/IUT CBEPXHOBYIO B OJTHOM
MECTe, a TIO3KE, Yepe3 HEKOTOpOoe
BpeMd, €€ Ke — B Jpyrom. Mcxonsa

Puc.5. KapTuHa nMH3MpPOBaHUSA NPU HAMYWUK NNA3Mbl BOKPYT rPaBUTUpYiOLLEro Tena.
B aToM cnyyuae npu HaGNIOAEHUAX B Pa3HbIX AUana3oHax ANWH BOSH NONOXEHUE U30-
OpaxeHuit Gyner pasnuyHbiM. MOXHO CKa3aTb, YTO 33 CYET MAa3Mbl U306PaXKeHUs
pasMmblBaloTcs B CBOe0OPa3Hyto paayry. MockosbKy Ans KOCMUYECKUX YCNOBHIl 3T
3 heKTbl CyLLeCTBEHHBI TONLKO AN PaAnoAManasoHa, nonyyaeTcs paguopagyra.
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Puc.6. HabnogeHune yeTbipex 300paxeHnii CBEpXHOBO Npu
NIMH3MPOBAHUM HA OAHOI W3 ranakTuK, BXOAAWMX B GONbLOE
CKOMJIeHNe ranakTuk.

apod.nasa.gov/apod/ap150309.html

PaKEHHUST OJHOM M TOM K€ CBEPXHOBOM [3] (puc.0).
I'paBUTALIMOHHOM JIMH30U 3/1€Ch CAYXKUT OAHA U3 TI'a-
JIAKTUK B OOJIBIIOM CKOIUIEHMHU T'aJAKTHUK. DTA r'ajlak-
TUKA-JIMH34 PA3JE/IUIA CBET OT CBEPXHOBOM HA YETHI-
pe J1y4a, B PE3yIbraTe 4ero BO3HUKIO YEThIPE OTLE/Ib-
HBIX U300paXKEHUS OJHOU MU TOH KE CBEPXHOBOU.
Mexay 3THMU H300pPa)KECHUAMMU HAOII04A14Ch Bpe-
MCHHA 3a/ICPXKKA [TOPSAAKA HECKONBKUX JHEN. Takum
00pa3oM, ACTPOHOMBL BIIEPBBLIC YBUJCIU I'DABUTALIU-
OHHO€ JIMH3UPOBAHUE CBEPXHOBOM; HA3BATb 3TY
CBEPXHOBYIO IPEIOKWIN UMeHeM Pedcnana.

OnHAKO BCE OKA3aJI0Ch Iropas3jo uHrepecHee. Ia-
JIAKTHUKA, B KOTOpOfI HAXOAUTCA BCIIBIXHYBIIASI CBEPX-
HOBAs 3B€3/1a (€€ HA3BIBAIOT «POJAUTEIbCKOM»), TUH3U-
pyeTcs BCEM CKOIUICHUEM I'aJTaKTUK KaK LIEJIbIM, B pe-
3YJIBTATE YETO UMEECTCH TPU U300PAKEHUA ITOU POAU-
TENbCKOU T'aJIAKTUKHU. 3HAYUT, JOLKHO HAOIIOZATHC
TPU U300PAKEHNA CBEPXHOBOM, B KAKAOM U3 I'AJIAKTH-
yeckux. Ho mpu 3TOM OIHO U3 M306PAKEHUN CBEPX-
HOBOM €II€ JOIOJHUTEIBHO Pa3/ACIsAeTC HA YEThIPE
LITYKY, 32 CUCT JIMH3UPOBAHUSA HA OJHOM U3 I'AJIAKTUK
ckomneHusa (puc.7). IMEHHO TaKue 4eTbipe u3odpa-
JKEHHUSI B OIHOM U3 U300PAKEHUI POJAUTENbCKON T'd-
JMAKTUKA W HAOMIONAINCh. BO3HMK BONPOC, B KAKOE
BpeMA IMTPOU3OUIIA WUIH HpOI/ISOfI]IyT BCIIBIIIIKU CBEPX-
HOBOH B JIBYX APYTUX U300PAKEHUAX POAUTENHCKON
IAJIAKTUKH, BO3ZHUKAIOMIUE 34 CYET JIMH3UPOBAHUMA
CBEPXHOBOM HA BCEM CKOIUICHUMU.

Puc.7. Bo3HMKHOBEHME HECKONbKIUX M300paXeHUit cBepxHOBOI Pedcaana, xon nyyeit. YaaneHHas ranaktuka (B npaBoM BEpXHEM
VY KapTUHKM) NUH3UPYETCA OTPOMHbIM cKonieHneMm ranaktuk MACSJ1149.5+2223. B pesynstate 3T0r0 HabntogaTcs Tpu n3o-
OpaxkeHns 3Toii ranakTuku. CBET OT Hee NPUXOANT K HabnAaTento TpeMs pasHbIMU NYTAMU U UAET pa3Hoe BpeMsa (pas3Huua co-
cTaBnset rogsl). [103TOMy CBEpXHOBAs, BCMbIXHYBLIAA B NIMH3UPYEMON ranakTuKe, fOMKHA Habno[aThca TpK pasa B pa3Hoe Bpe-
Ms. bonee Toro, 04HO U3 TakUx U306paXKeHMi CBEPXHOBOW elle [LONONHUTENbHO TMH3UPYETCA OTAENbHOI ranakTukoi 60abWworo
CKOMJIEHMUSA, 33 CYET YEro OHO PasfeNunoch Ha YeTblpe M300paKeHNs, C BDEMEHHOI pa3HuLeil B HECKONbKO AHeil. Takum obpasom,
MOXHO CKa3aTb, YTO cBepXHOBas Pedcaana yyacTByeT cpasy B 1BYX TMH3UPOBAHUAX: HA GONbIIOM CKOMIEHUN FaNakTUK U elle Ha

OTAENbHON ranakTuKe M3 3TOr0 CKONNEHUS.

www.spacetelescope.org/images/heic1525c/
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Puc.8. MHorokpatHoe nosBineHue cBepxHoBOit Pedcpana.
B BepxHeM M306paxeHUn ranakTuku (BHYTpU BepXHero kpac-
HOTO KpyXXKa) cBepxHoBas Gbina BugHa npumepHo 10-20 net
Ha3ap, HO acTPOHOMbI He 3adUKCUpoBanu 310 cobbiTue. B Hu-
XHeM N306paxeHUn ranakTUKU CBEPXHOBAs BCMbIXHYNA B HO-
s6pe 2014 r. Ee nzobpaxkeHne LONONHUTENbHO NMPONUH3UPO-
BaNOCb OTAENbHON TanakTUKON B CKOMAEHWU, 33 CYET Yero
pa3fennnoch Ha YeTbipe, C BDEMEHHOMN pa3HULLEN B HECKONbKO
AHeil. bbino npefckasaHo, YTo B CPefHeM M300pakeHuUu ra-
NIAaKTUK CBEPXHOBAs BCMbIXHET B OyaylleM, U 3TO NPouU30LWI0
B nekabpe 2015 .
www.spacetelescope.org/images/ann1526a/

B oxrabpe 2015 r. (mpumepHO
yepe3 Troji IMOocae HaAOMIOJEHUS
CBEPXHOBOU Pedcpana) nmossuiacs
paboTa, aBTOPBl KOTOPOU MOJENN-
pOBAIM CKOIUIEHUE T'aJAKTUK, CIIy-
JKalee JUH30M [4]. B pesynabrare
MOJICIUPOBAHUA CKOINJICHUA He-
CKOJIbBKUMU HAaYYHBIMHM TPYHNIIAMU
OBLJIO BBIICHEHO, UYTO BCIIBIINIKA
CBEPXHOBOHM B OJHOM U3 U3006pa-
JKEHUN POJUTENBCKON TaNTAKTUKUA
yKe ObLIa B IPOILIOM, Mexay 1994
u 2004 rr., HO He HAOJIO[AIACh.
A B JpyroM H300PAKEHUU DPOJAU-
TEJIbCKON TAJIAKTUKU CBEPXHOBAA
JOJKHA BCIBIXHYTH B OyAyIieM,
B Te4yeHue rojaa. Tem campIM yde-
HBIE TPEJBOCXUTUIN, UYTO CKOPO
MOSABUTCA HOBOE H3006paXKEHUE
csepxHosont (puc.8). Ilpexnckasa-
HHUE yYEHBIX COBUIOCH: 11 nexabps
2015 1. B OKHUIAEMOM MECTE BCIIbIX-
HyJIa CBEPXHOBAA [5]. OHA MOABU-
J1aCh UMEHHO B TOM U3 TPEX HU306-
paXEHUN POJUTEIBCKON T'aJaKTU-
KW, T7I€ U OKUJANOCH (PHUC.9).

Wrak, ceepxHoBas Pedcpana crana yHHUKaJIbHON
Cpasy o ABYM IPUYMHAM. BriepBrie HAOII01a10Ch He-
CKOJIBKO M300PA)KEHUI OJJHOM U TOM K€ CBEPXHOBOM,
Hanojgobue Kpecra DuHmTENHA (HOAOpbL 2014 1),

11'aekabps, 20151, §

Puc.9. MNosiBneHne npeackasaHHoOro M3obpaxeHus CBepxHOBoOi. Ha n3obpaxeHun cne-
Ba KPYXXKOM OTMEYEHO MECTO, B KOTOPOM AOMKHA Oblna NOABUTLCA CBEpXHOBas. lpaBee
U HUXe Ha 3TOM e KapTUHKe BUAHBI YeTbipe M306paXeHNs CBEPXHOBOW B PYroM U306-
paXeHWUN POAMUTENbCKON ranakTuku. Bepxy cnpaBa nokasaHbl HabofeHUs B OKTAOpe
2015 r., korga 6bina HayaTa nporpaMma HabloeHUI ANs LeTeKTUPOBAHNA HOBOTO NOSB-
neHus cBepxHoBOIt. CnpaBa BHU3Y NOKa3aHO OTKpbITUE CBEPXHOBOI 11 Aekabps 2015 r.

www.spacetelescope.org/images/heic1525a/

Kpome Toro, 310 nepBbI Cay4an, KOrgad ¢ IOMOIIbIO
AHAJIN32 T'PABUTAIMOHHOTO JIMH3UPOBAHUA YAAJIOCH
NPEJICKA34Th CIEAYIONEE MOABIEHNE HOBOTO N300pa-
JKEHMA CBEPXHOBOM (B eKa6bpe 2015 1.).m

Pa6oTa BHIIIOJIHEHA IPH (DHHAHCOBOM mOgAepKKe Poccuimckoro HayuHoro pouaa (mpoexr 15-12-30016).
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MUCTOPUSA HAYKU. MATEMATUYECKAS ®U3UKA

YYEHBIA NERBOr0
[lamsamu N.A.daggeeBa

KonuyuHa JIrogsura Imurpuesnda ®Pagageesa KOCHY-
JIach HAC HANPAMYI — ¢ 1990 mo 1993 rr. oH OBLT
IJIABHBIM PEJAKTOPOM :KypHana dIpupona> H, He-
CMOTpPA HA CBOIO reorpadHIecKyro yAaJleHHOCTb
(oH xmna B CeBEPHOM CTOJIHILE), MO-HACTOAILEMY
BHHKAJ B peJaKIIHOHHBIEC JejJa. BHHMaTelIbHBIH
K Pa3JIHYHBIM TOYKAM 3PEHHA, OH YMeJ BBIOPATH
BEPHBIH Ha IIEPCIEKTHBY BApPHAHT, B TOM 4YHCIE
H «pa3pyiauBasg> KpurHdeckue curyanuu. Kpae-
YIOJBHBIM HAYYHBIN BKJIAJ PajgreeBa — B pelIeHHUE
KBAHTOBOH 3aJadH TpeX Tejd, B CO3/JJaHHE TEOPHH
KBAHTOBBIX KAJIHOPOBOYHBIX IIOJEH, B Pa3BHTHE
MeTOo/Ja OOpaTHOH 3aJaYH TEOPHH PACCETHHI
H Jp. — IPH3HAH TAKOBBIM BO BceM mupe. Cam JIro-
JBHUT IMHTPHEBHY HE Pa3 O4E€PYUBAI IIPOMEKYTOU-
HBI€ HTOTH B IYOJHKAIIHMAX, KOTOPBIE MOTIYT CJIY-
JKHMTHh B HEKOTOPOH CTEIIEHH €I'0 HAYIHOM aBTOOHO-
rpaduert (cm., Hanpumep: Faddeev L.D. 40 Years
in Mathematical Physics. World Scientific Series in
20th Century Mathematics, 2. NJ, 1995). MsI npego-
CTaBJIsA€M CJI0BO OT HMEHH €r0 YY€HHKOB, COTPYI-
HHKOB JA00OPATOPHH MATEMATHYECKHX NPOOGIeM
du3uku B JIGHHHTIPAJCKOM OTAEJIEHHH MaTtemMaTH-
9ecKoro HHcTutryra uMmeHu B.A.Crexknosa AH CCCP,
Muxauniay Apcenuesudy CemeHoBy-Tan-IllaHCcKkOMY,
KOTOPBIM HAa NPOTAKEHHH HECKOJbKHX JeCATHIIE-
THI padoTan ¢ HUM OOK 0 O0OK. B camom ke 06006-
IIEHHOM BHJE€ (PyHIaMEHTAJIbHBIE JOCTH KEHHA
dangreeBa KOHIEHTPHUPYIOTCA B JAKOHHYHOM YT-
BEPKIEHUH (peJdarIIui cJIyda!): BbIBEJI B3aHMO-
JeMCTBHE MATEMATHKH H (DH3HKH HAa KAYE€CTBEHHO
HOBBIN ypoBeHb. HecaydaiHO OJHA M3 €r0 CTaTemn
B IIpupoge» Ha3pIBAIACh «<MaTeMaTUIE€CKHUH B3IJIA,
Ha 3BOIONUI0 PU3UKK> (1989. Ne5. C.3-16). Ileasro,
crosmed nepes GuU3NKaMH-TEOPETHKAMH H CIICIIH-
AJTHUCTAMH IO MATEMATHYECKOH (PHM3HKe, OH BH/E]I
«OKOHYATEJIBbHYIO (hOPMYIHPOBKY CTPYKTYPHI MaTe-
pHH, KOTOpas OyJeT JaHa JHUIIh HA MaTeMaTHYecC-
KOM A3BIKE>.

Ho npexae BCero Mbpl XOTUM BCIIOMHHTD B3IJIA-
apl PangeeBa HA POJIb HAYKH B OOIECTBE, HA 4ep-
ThI, OIIpeeNdIole COBpEMEHHOE MHPOBO33pe-
HHE, HAa KaYeCcTBa, HEOOXOJHMMBIE YYE€HOMY, Ha
BAKHOCTD NONYJAAPH3ANHU HAYYHBIX 3HAHHH, I10-
3TOMY IMMOBTOPAEM €ro HEOOJABIIYIO, HO IPOTIPAMM-
HYIO CTaThIO B Nel :xypHana 3a 1991 r. Tam chopmy-
JHUPOBAHBI TE3HCHI, KAK TOBOPHUTCH, «<HAa BCE BpeMe-
Ha», 2 OTMEYEHHbIe IPOGJIEeMBI, YBBI, HE YTPATHIH
CBOEH aKTyaJbHOCTH H CIIYCTA YETBEPTHh BeKa. XO-
TA HA IOCTYy HAlIero riaaspena Jroasur JmMurpue-
BHY OCTABaJCA HEJOJTO, dTH 4YeThIpe rojga OBLIH

IIePEJIOMHBIMH, KOIJa BCA HAIIa >XKH3Hb IIEPEyCT-
pamBajgach Ha APyrod OCHOBE, COBCEM B HHOM
crpane. IIpu BCcex TPYJHOCTAX IIEepHOAA «H3MEHE-
HHA IIEPBBIX NPHHIHIIOB> KypHaJ TOIJZAa COXpa-
HHTB yJAJ0Ch, KaK BBI)KHJ OH H B PEBOJIOIHIO,
u B I'paxxgaHckyo u B Benrukyro OTe4ecTBEHHYIO
BOMHBI. 3ATO B 3TOM Yy HAC COBCEM HET YBEPEHHOC-
TH CErojH:;A, B 3MOXYy BCE€OOIEH «ONTHMH3ALHH>,
BO BpeMeHa OYHHOIO NMOBCEMECTHOIO pa3pacrta-
HHA HE IIPOCTO OIOPOKPATHIECKOM, 2 HMHTAIHOH-
HOJM OIIyXOJIH, KOI/Ia peajbHas paboTa MoJgMEeHIeT-
CA OTYETAMH O HEH, yPOBEHb KOMIIETEHTHOCTH Ha-
9aIbCTBA YCTOMYHBO CMECTHJICA B 00J1aCTh OTPH-
IIaTEJbHBIX 3HAYCHHH, BCE )KHBOE BBIXOJIANUBAECT-
Csl, CAMOCTOSATEJIbHOE OOBABIACTCA BPAKIAEOHBIM,
4 M3 APKOM CJIOBECHOM IIEJYXH BBIIIAABIBAIOT YIIH
¢duHaHCOBHIX HMHTepecoB. U eciu B Hadaznxe 90-x
HOAJLEPKHBA/JIAa BEPA B TO, YTO IAPCTBO JAEMOKpa-
THH HE 32 TOPAMH H B HTOI'€ BCE€ OKAKYTCA B BBIHMI-
pBIlIEe OT KAPJHHAIbHBIX IIEPEMEH, TeIephb, K CO-
JKAJIEHHIO, TAKUX HaJeXJ 6oxbpiie HeT. [locregaue
COOGBITHA BOKPYI BBIGOPOB B POCCHIICKO¥M akaje-
MHH HAYK, HAIIEM yIpeJHUTeIe, TOIBKO yCYI'yOHIH
IIECCHMHM3M.

AKageMHIO HAyK IIOJBEPIJTH HEOBIBAJIOMY YHH-
JK€HHIO, HE JaB BBIOPATH CBOMM IIPE3HAEHTOM BHJ-
HOTI'0O YY€HOI'O C MUPOBBIM HMEHEM H HAYYHO-OpPra-
HU3AIHOHHBIM ONBITOM. IIOJOGHEBIE KaYeCcTBa, HE-
IPEMEHHO COYETAIOIIHECA C HATHIYHEM COOCTBEH-
HOTO MHEHHUA U CTPEMJIEHHEM €I'0 OTCTAHBATh, OKa-
3BIBAIOTCA NEPIEHAUKYIAPHBIMH KPHTEPHUAM BJIAC-
TeH, KOTOPBIE MOCAETOBATEIbPHO HCKOPEHAIOT IIO-
CIeJHHE OCTATKH aBTOHOMHH AKAJE€MHH, YK€ JIH-
KB €€ CBOEro HCCIAEJ0BATEIbCKOIO HHCTPYMEHTA-
pHusA — HHCTHUTYTOB. HO He cepBHJIbBHOE cOOpaHmHe,
IOCAYIIHO BBIAAIONIEE <«OJOOPAMC> COMHHTEIb-
HBIM, KOHBIOHKTYPHOI'O XapaKTepa HAYHUHAHHAM
YHHOBHHKOB, HYKHO CTpaHe. Be3 HacroAmen Ha-
VKH Yy HE€ HET OCMBICJIEHHOI'O OYyJAyIIero, akaJeMH-
J9eCKHE 3Ke CBOOOABI — HE0OXO0AuMOE (XOTh H HEL0-
CTAaTOYHOE) YCIOBHE yCII€Xa HAYYHOI'O IIOHCKa
B Hamu gHH. Pazymeercsa, B PAH ects npoOiIeMsl,
M HEeMaJible, HO OHH TOJbKO YMHOKH/IHCH IIPH HEeEC-
TECTBEHHOM CAHAHHH TpeX aKaJAEeMHH, TaK 4YTO
IPUMEHAEMOE JEKAPCTBO OKA3BIBAETCA CTpPAIIHEE
6ose3HH. B maeane AkageMHA KaK COOOILECTBO
JYYIIAX YMOB JOJKHa Obl1a 061 (hopMyaHpOBaTH
HAYYHYIO IOBECTKY JHA H 00€CIeYHBATh CMEHY €€
«arperaTHoOro COCTOAHHA> — M3 IIJIAHA B pe3y/IbTaT.
HNMEeHHO TaK IIPECTABIAI cebe POIb AKaJeMHH HA-
yk JIroagBur IMUTpHUEBHUY.
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UCTOPUA HAYKU. MATEMATUYECKAS ®U3UKA

Hay4yHoe MupoB0O33peHUEe

u «l[lpupoga»

JI.I.®agneen

CTYIUIEHUE HA IIOCT IVIABHOI'O PELAKTOPA KYpPHA-
na JIpupoja» JaeT MHE yIOOHYIO BO3MOXKHOCTD
BBIPA3UTh CBOU MBICJIM O LIETH HAYKH, €€ MECTE

B o6mecTBe. Sl HE AyMaIo, YTO CKAXY 3/1€Ch YTO-IUO0

HOBOE. DTO CKOPEE U3JIOKEHUE MOEI'O COOCTBEHHOI'O

CUMBOJIA BEPBHI, JAHHOI'O MHE MOUM OOPA30BAHUEM

1 OIBITOM, OOPAIEHUE K €JUHOMBINIUIEHHUKAM, KO-

TOPBIX A HAACIOCh HAUTU CPESU YMTATEIEH XKypHAId.

Vxe nourn 80 ner «IIpupopa» moAnEPKUBAET BbI-
COKHE TPAAUIUHU IOMIUHHO HAYYHOTO MUPOBO33pe-
Hud. Ee ayquropus — MUPOKUE KPYI'U HAYYHOU 00-
LMIECTBEHHOCTH, T.€. T4 COLUAJIbHAA IIPOCIONKA, KO-
TOPAas UMEET IIPABO HA3LIBATHCA YYECHBIMU.

Orosoprocp 3apaHee, 4YTO TEPMHUHBL <«HAYKa»
U «yUYEHBIN» OYYyT MOHUMATHCA B Y3KOM CMBICIIE, T.€.
NPUMEHUTENBHO K €CTECTBO3HAHUIO. TO, 4TO y HAC
HA3bIBAECTCA OTPACJIEBOM HAYKOM (T.€. MHXKEHEPHOE
J€JI0), 4 TAKXKE I'YMAHUTAPHBIC U COLUAIbHBIC HAYKU
HUMEIOT CBOU IPABUIA U METOABL, U 51 HE MOTY UX IPO-
(peccuonanbHO OOCYKAATD.

Y10, IO MOEMY MHEHHIO, COCTABIAET OCHOBY HAy4-
HOTO MHMPOBO33PEHMSA, YTO JAA€T MPABO HA3LIBATLCA
VUEHBIM U €CTECTBOUCIHBITATENEM? VI3 MHOI'UX I10JIO-
JKEHUI 51 OBl BBIJICTUT IATh: IPOMECCUOHATN3M, YOEK-
JEHHOCTDb, CKENTUIINM3M, PALUOHAIBHOCTb U HHTYH-
U110, OCTAHOBJIIOCh Hd 3TOM HEMHOT'O MO/ POOHEE.

IIpodeccuonanusdm. be3 npodeccuoHaNbHBIX
3HAHUI U HABBIKOB HEJIb3S ObITh YYEHBIM. DTO OUe-
BUIHO U HE HYXJAeTCd B OOCYyXAeHUU. Brnpouewm,
3TO MOJOXKEHUE B PABHOM MEPE OTHOCUTCA K JIIOOON
IpOo(hEeCCUOHANBHON ACATENIbBHOCTH — OT UHXEHEP-
HOTI'O Zej1a JO UCKYCCTBA. B HameM ciydae OCHOBHOE
OTJIIMYUE COCTOUT B TOM, UTO OOIECTBEHHOE MHE-
HHE HE BCEI/ld MOXET OTJIUYUTL NPOdeCccHoHana
B HAYKE OT CAMO3BAHLA-/DKEYYEHOI'O — Y YUTATECIIS-
HECIELMANUCTA HET JJIA 3TOTO TEX XKe NPOdeCcCuo-
HAJIbHBIX 3HAHUI.

Takum 06pPa30OM, TONBKO JOBEPUE MOXKET CTATh
HCTOYHUKOM IOJTOKUTEIBHOTO OTHOMIEHUA OOIECT-
B4 K yueHBIM. OHO OCHOBAHO H4 UCTOPUYECKOM OIIbI-
T€, TPAAUIUAX HAYYHBIX MHIKOJ, MEXAYHAPOAHOM
npusHanuu. HapymeHue 3TOro JoBepus — BO UMA
CAMBIX BA’KHBIX, HO CHIOMHUHYTHBIX HHTEPECOB — TH-
JKEJIOE€ MPECTYIUIEHUE NEPE] HAYKON U OOIECTBOM.

MHOTOYHCIEHHBIE CCBUIKM HA HAYYHYIO OOOCHO-
BAHHOCTbH CBOMX JICUCTBUM, JICJABIINECH B HEJJABHEM
[IPOUUIOM JIIOJbMH, HE UMCIOMUMU HA 3TO npodec-
CUOHAJBHOI'O IIPaBa, BO MHOI'OM JUCKPEJUTUPOBAIU
HAYKY U €€ BO3MOXHOCTHU. [T03TOMY KaXKbli Y4ECHBIN
Hallel CTPAHbI IEPEXKUBAET HEOXKUJAHHBIE U HE3a-
CIY’KEHHBIE YIIPEKU B 4IPEC HAYIHOTO COOOMECTBA.

16910 29 vmwedg{

1

Akapgemuk Niogsur Omutpuesny ®apaees (1934-2017).
®oto M.A.CemeHoBa-TaH-lllaHckoro

Beakuil MOMIMHHBIA NPO(PECCUOHANN3M CBS3AH
C 3JIUTAPHOCTBIO. ECTECTBEHHO, 3TO OTHOCHUTCA
1 K YYE€HBIM. B Ha1e BpeMs 3raJluTapHBIX TEHACHIINM
Ha/I0 YTBEPXKAATh U OTCTAUBATb MPABO YYEHBIX HA
NPUCYIIYIO UM BBIIEJIEHHOCTD.

V6e kmeHHOCTh. TPYTHO 3aHUMATHCA HAYIHBIMU
HUCCACJOBAHUAMU HE OYAy4YH YOEXKJCHHBIM B CBOMX
3HAHUAX, IEPCIEKTUBHOCTH BBIOPAHHOI'O HAIPaBJIE-
HUA. 3/1€Ch GONBIIYIO POJIb UTPAET JOBEPUE K KOJLIE-
raM B HNPOIUIOM U HacToAmeM. HayunHoe MHUPOBO3-
3pEHHE — B OTIMYUE OT CPEAHEBEKOBOTO MBIILIE-
HHUA — UCXOJUT U3 TOTO, YTO 3HAHUA, HAKOIUIEHHBIE
3a nocneanue 300 net, HE 6YAYT OTMETEHDI OYAYLIU-
MU UCCIEAOBATENAMHU, A IPAKTUYECKHU OYIYT BXOJUTD
B UX MUPOBO33peHue. IIporecc HaKOmwIeHUs u Gop-
MYJIHUPOBKH 3HAHUH CaM IO Ce6€ IBOMIOLUOHEH, HO-
BBIE 3AKOHBI BKJIIOUAIOT B CEOS CTAPBIE KAK OOJIee ua-
CTHBIN Caydar. [TomuTuyeckne peBoNIonny, IOJHO-
CTBIO OTPUIAIONINE CBEPTHYTHIH OOIIECTBEHHBIN
CTPOI, HE UMEIOT AHAJIOTOB B JKU3HU HAYKU.

Bce 3TO NPpUBOAUT K ONPELEIEHHOMY KOHCEPBA-
TU3MY VYEHBIX M HAY4HOIO COOOIIECTBA B I[EJIOM.
Ho BaXHO NOHMMATh, YTO ITOT KOHCEPBATU3M HE
UMEET HUYETO OOMEr0 C 34CTOEM, CXOJACTUKOMU
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MUCTOPUSA HAYKU. MATEMATUYECKAS ®U3UKA

1 HUJOJOIOKIOHCTBOM. IIpodeccrnonanbHOe MOHHU-

MaHME U YBAKCHUE TPAJULIUIM, CTPEMICHUE K UX CO-

XPAHEHUIO U NIPEYMHOXEHUIO — 3TO 3JOPOBbIA KOH-

CEPBATU3M.

[T03TOMY CTPAHHO, HEJIENO U I'PYCTHO BUAETH I1O-

IBITKA ONPOBEPTHYTh, K IPUMEPY, 3a4KOHBI PEJATU-
3 BUCTCKOM JUHAMUKU (YACTHYIO TEOPHUIO OTHOCUTEIIb-

HOCTH) WM BTOPOH 3aKOH TEPMOJUHAMHUKH, HPE-
ﬁ NPUHUMAEMBIE TO/YAC JAKE OOMANATENAMHU YUEHBIX

CTENEHEN U 3BAHUN HA OCHOBAHUM CBEJCHUU, TO-

YEPIHYTBIX U3 HAYYHO-TIONYJIAPHON TUTEPATYphl. He-
§ npo(heCCUOHAIBHOE OTPULIAHNE IPU3HAHHBIX JJOCTU-

JKEHUH HAYKU IPOTUBOPEYUT HAYUHOMY MUPOBO33pe-
g\Hmo 1 HE UMEET HUYEI'O OOIIETO C HOBATOPCTBOM.

Ckenrunmu3M. [Iponecc HAy4yHOro IO3HAHUA
w IIPUPOALL AAJIEK OT 3aABEPLICHUSA; OJAHO ITO YXKE OIl-
PaBABIBAET CYHMIECTBOBAHUE YYEHBIX. YUEHBII, pabo-
TAIOMUI HaJ HOBBIMM 3aKOHOMEPHOCTAMH, JOJLKEH
ObITb CBOOOJICH OT JOI'M, 1aBJIECHUS AT PUOPHBIX CO-
OOpaXEHUN U NPESPACCYIKOB. II0O3TOMY BKIIOUEHUE
KOJUIEKTUBHOTO ONBITd B COOCTBEHHOE CO3HAHUE
YYEHOI'O CONPOBOXKIAECTCA €CTECTBEHHBIM CKEITU-
LU3MOM, CTPEMJIEHUEM IIPOBEPUTH, 10 BO3MOKHOC-
TH, CAMOMY TO, YTO YTBEPKAAIOT aBTOPUTETHL. He Me-
Hee BAKHO CO3HABATH, YTO PEATBHO MOXKHO C/EJNATh
WY TIOHATD HA JAHHOM YPOBHE Pa3BUTUA HAYVKU.

Tak, B TOM, yTO 6osbmasg Teopema depma Gyaer
JOKA3aHA, HE COMHEBAETCA HU OAUH MATEMATUK. DTO
HE MEWAET OTHOCUTHCA C ONPABAAHHBIM CKEIITULIN3-
MOM K JOK434TE€IbCTBAM, KOTOPBIMHU ITOCTOSAHHO 3a-
IIOJIHEHA 110YTd MATEMATUYECKAX UHCTUTYTOB. IIpo-
CTO MATEMATHUKA JOJIKHA €IIE PA3BUTHCHA, NPEKIE
yeM 6y/leT HalIeH aeKBATHBIIN IOAX0/] K 3TON Mpo-
61eme. DTO KE OTHOCUTCA U, CKAKEM, K IPOOIEME Op-
TAaHUYECKOM 3BOMIONUNA. MOXKHO KPUTHKOBATD 1aPBU-
HHM3M 32 €T0 NPOTUBOPEYUA U HEMOIHOTY, HO BBIXOJ
Oyzer HaugeH (KaK BO BCAKOM CIy4dde CYUTAIO f)
TOJIBKO Ha TNYTH JaJTbHEHUIIEIO Pa3BUTHUA I'€HETUKHU
1 MOJIEKYJISIPHON GUOJIOTUU.

3A0POBBIM CKENTULIU3M — HE3AMEHUMOE OPYXKUE
B 60pbp6E C AMPUOPHEIMU Teopuamu. Ha 3ape cospe-
MEHHOT'O HAYYHOT'O MUPOBO33PEHUA C EI'O TOMOIIBIO
OBLIM OTMETEHBL ACTPOJIOTUA U T€OpUs (PJIOTUCTOHA,
4 B IIPOLIVIOM BEKE — TEOPUsA caMo3apoxaeHus. Cen-
4aC, KOILad dHTUHAYKA CHOBA IIOJBIMAET I'OJIOBY, €I0
pOJIb Ba’KHA KAaK HUKOT/IA.

Panuonanu3m. bonee nmogpoOHO 3TOT TEPMUH
MOXHO pacmUdPOBATh KAK YBEPEHHOCTb BO BCEMO-
I'VIECTBE HAYYHOTO MO3HAHUA.

EmMy He ciefyeT NpUaBaTh Kakue-a1ubo Ccyobek-
TUBHBIE OTTEHKHU, CKA3KEM, TOBOPUTD O 11€J1€CO06Pa3-
HOCTH yCTPOMCTBA OKPYXAKOWEro Hac mupa. Ilpocro
€CJIA YK YYEHBIN B3SICSA OMUCHIBATH 3aKOHBI IPUPO-
Jbl, TO OH UCXOJUT U3 TOTO, YTO OHU ECTh U UX MOXK-
HO OTKPBITh. bosiee TOro, OH 3HAET, YTO OHU OYAYT
OTKPBITH IIPU IOMOIIU METOOB, KOTOPHIE YKE U3BE-
CTHBI, WIM HOBBIX COOOPAXKEHUI, KOTOPBIE MOJACKA-
JKET €0 COOCTBEHHBIY ONBIT WM OIBIT €TI0 KOJLIET.

HuaTynnua. Kaxaplil paboTaonmui y4eHbld 3Ha-
€T, KAKYIO POJIb B €TO HAYYHON XU3HHU UTPAIOT NPE-

YYBCTBUA, O3aPEHUA U «BEIIHUE CHBI». MOXHO T'OBO-
pUTh 06 OCOOGEHHOCTAX PAOOTHI UEIOBEYECKOTO MO3-
ra, O IOACO3HAHUU, KOTOPBIE KOILA-TO B OYAyIIEM
nojay4yar oobsacHeHue. HO mOKa UMEET CMBICH OT/e-
JUTH 3Ty 44CTb HAYYHOT'O TBOPYECTBA B CAMOCTOA-
TEJNbHYIO TPOo6aeMy. MHTYHUIIMA UTPAET OIPOMHYIO 3B-
PUCTHUYECKYIO POJIb B €CTECTBOUCIBLITATEILCTBE, €€
[IPOSABACHUE, KAK MPABUIJIO, NPEAMECTBYET PALUO-
HQJIbBHOMY OIIBITY.

HTak, B HAYYHOM MUPOBO33PEHUHU JJOJKHBL HAXO-
JUTb €CTECTBEHHOE COUYETAHUE, KA3ATOCh OBL, IPOTH-
BOpeYamue Apyr JpPyry KaTErOpUH: KOHCEPBATU3M
yOEXKJECHHOCTH U HOBATOPCTBO CKENTUIIM3MA, YBE-
PEHHOCTh PALMOHAIU3MA U HEYJIOBUMASA TPAHCLCH-
JEHTATbHOCTD UHTYULIUH. AGCONIOTU3A1IUSA TI0601 U3
3TUX KaTErOPUH HeJOomyCcTUMA. TOIBKO rapMOHUYEC-
KO€ MX COYETAHHUE JAET TO, YTO MBI HA3BIBAEM HAyU-
HBIM MHUPOBO33pPEHHUEM. M, KOHEUHO, BO IJIaBE CTOUT
npodeCcCUOHAIN3M. PUCKYsI TOBTOPUTHCS, CKAXKY, 4TO
UMEHHO O0/1ajaHue NpoPeCCUOHANbHBIMUA 3HAHUA-
MU U KBAIM(PUIUPOBAHHOE UX UCIOIb30BAHUE BbIJIC-
JILIOT COOOIECTBO YUCHBIX.

O6CcyquM TENEpPb BKPATIE IMOJOKEHUE YUEHBIX
B OOIIECTBE U UX B3AaUMOOTHOIEHUA. [TOCKONBKY, KAK
VK€ CKA3aHO, MIMPOKOIN OOIIECTBEHHOCTU HEIIOHIT-
HBI MOTUBBI, 1IEJIM U METOJABl HAYYHOTO TBOPUYECTBA,
OHA BIIPABE OTHOCHUTBCS K YYEHBIM C HELOBEPUEM,
U CO CBOEH CTOPOHBI YYEHBIE, UMES COOCTBEHHBIC
CTUMYIBl I PabOTH, MPEANOUIN OBl yJANIUTHCA
B «0AIIHIO U3 CJIOHOBOM KOCTH», T. €. CTATh HE3ABUCHU-
MBIMHU OT OOIIECTBA.

DTO, KOHEYHO, HEBO3MOXXHO. YUEHBIN U HAyKa
HYXK/AI0TCS B CPEACTBAX, KOTOPBIE UM MOXKET JATh
JUIIb OOMECTBO. B Hame BpeMs peub UAET O 6OJIbIIUX
BKJIAJJAX, UCIIOJB30BAHUE KOTOPBIX OOMIECTBO HE MO-
JKET KOHTPOJIUPOBATH (IMMOJUYEPKHY €IE PA3, UTO PEYb
WET JIMIb O (PYHAAMEHTAIBHBIX HCCICJLOBAHUAX
B 0O/MACTH €CTECTBEHHBIX HAyK). IIpumMepoM «10po-
TOM HAyKH» ABIAIOTCA KOCMHYECKHUE HCCIIEJOBAHUSA
nnn (PU3KUKA BBICOKUX 3HEPruil. Hekoropoe BpeMs
MOJUTUYECKUE COOOPAXKEHNUA NPECTUXKA WIU BOEH-
HON 6€30MACHOCTH NOJJCPKUBAIN NOLOOHBIE Ha-
[IPABJICHUS, 4 340/JHO U BCIO (DYHJAMECHTAJIbHYIO Ha-
yKy. Ceiyac, B Iepuoj M3MEHEHUA OOIIECTBEHHOTI'O
MBIIIIEHUS, OOIECTBO JJO/KHO OLIEHUTD POJIb HAYKU
KaK TAKOBOI, HE [yMas O €€ HEMOCPEJCTBEHHBIX IIPU-
JOKEHUAX, U CYUTATD, YTO €€ MOJAEPKKA «OIIa4eHa»
YYEHBIMU NPEJBIAYIINUX TOKOAEHUN. HeTpyaHo moju-
cuuTarh, yTo dapajgei u Makcsel1 OKynuiaIn QyHaa-
MEHTAJIBHYIO HAYKY Hd HECKOJIBKO BEKOB BIIEPE/,.

B ¢BOIO 04uepeb, yU€HBIE MOTYT JIYYLIE BCETO OIl-
pPaBAaTb 3TO OBEPUE TOIBKO CBOEH pabOTOMH, 4 TAK-
K€ MPENOCTABIEHUEM CBOUX PE3YIBTATOB OECILIAT-
HO B PACHOpPsKEHUE 061 eCTBA. HaydHbIE OTKPBITHA
HE MATEHTYIOTCA, OHM INYOJIMUKYIOTCA B HAYYHBIX
JKYPHAIaX, OTKPBITHIX JIJI1 BCEX. B 3TOM XK€ CMBICIE
HAayKa HE UMEET HAUMOHAIBHBIX IPAHUL] U MOJUTHU-
YECKOI'O JIULA.

YIOMAHYB TEPMUH <«IIOJIUTUKA», HE MOTY YyIeEp-
KATbCA OT TOTO, 4TOOBI HE CKA34Thb HECKOJBLKO CIOB
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O B3aUMOOTHOIIEHUM HAYKH U IOJUTHUKH, YUYEHBIX
1 TIOJIUTUYECKUX JleATeNe. 3/1eCh MHOTO IPOTUBOpPE-
YUM, ICTOYHUKOM KOTOPBIX SBJISAETCSA PA3NIUUYUE ITUX
obnacren AeaTeNbHOCTH. TaK, e/ln HayKu ONpejere-
HBl B HEM CAMOI1 M HE 3ABUCAT OT BHEIIHUX OOCTOA-
TEJbCTB, B TO BPEMA KAK ITOJTUTHUKA IPU3BAHA JIEUCTBO-
BATb B OBICTPO MEHAKLIEMCI MUPE U MOAUPUIUPO-
BATb CBOU CPEJCTBA MO/J] BAUAHUEM ITHUX U3MEHCHUIL.
[ToNIUTHKA U HAYKA — 3TO JBA PA3JUYHBIX IPU3BAHU,
PEKPYTUPYIONUX JIOJEH ¢ PE3KO OTIUYHBIM OJUH OT
Apyroro o6pa3oM MBINUIEHUA. MOXKHO CKa3aTbh, 4TO
HAy4YHOE MHUPOBO33PEHUE YACTO KOH(IUKTYET C IO-
JUTUYECKUM. XOPOIIO M3BECTHBI NPUMEPDHI JIOMEN,
KOTOpBIC MOTEPIEIN HEYJAYy HA HAYYHOM IOINPHUIIE
U npuobpenu 60IbIION YCIEX B MOTUTHYECKOH JEs-
TEJIBHOCTH, YACTO 1AKE U IPOIPECCUBHOI.

OTCI0/1a ¥ OTHOIIEHUE K HAYKE CO CTOPOHBI IIOJIH-
THUKOB, KOTOPOE B HAIIIE€ BPEMSA BBIPAKAETCA, B OCHOB-
HOM, CPEJCTBAMMU MACCOBO¥ HHpoOpManuu. B nepe-
JKUBAEMBIM HAMMU MEPEXOJHBIN MEPUOJ 3TO OTHOIIE-
HHUE BECbMa HEAOOPOXKENIATENBHO. VIMMAaHEHTHBIN
KOHCEPBATU3M HAYKU CO3HATEIbHO WUIU OECCO3HA-
TEJIBHO CMEMMUBAETCA C KOHCEPBATU3MOM IONTUTHYE-
CKUM. XapaKTEPHBII TEPMHUH, KOTOPBIM IIPECCA OKpE-
CTWJIA AKAJEMUYECKUE YYPEKAECHUA — <«O(PUIIAANID-
Has HayKa», XOPOIIO WITIOCTPUPYET 3TO MOJOKEHUE.

B mOJOOHBIX OOCTOSATENLCTBAX HAYKA OE33aMUT-
Ha. HerT HUUYEro Hejenee M3MEHATh HAYYHOE MHUPO-
BO33PEHUE NOJ HENPO(PECCHOHANbHBIM JABIEHUEM.
[T0O3TOMY y4EHBIM HE OCTAETCA HUUYETO APYIOTO, KAK
npeHebpeyb HE3ACTYKEHHBIMU YIIPEKAMU U IIPOJOJI-
JKaTh 3AHUMATBCSI CBOUM JICJIOM.

3aTO HEOBIBANYIO NMUTATEIBHYIO CpPEly IIOJAy4YaeT
AHTUHAYKd — OT OTPULIAHUSA BTOPOI'O 3AKOHA TEPMO-
JUHAMUKY YE€PE3 BO3POKAECHHYIO ACTPOJIOTUIO U MU-
(puueckoe 6UONOIE 0 JETAOMUX TapenoK. TpygHo
CKa34Tb, YETO 3JI€Ch OOJbIIE — IMAPJATAHCTBA WU
MATOJIOTUH. SICHO OJJHO — BCA 3TA YEPTOBIIMHA HU-
KaK HE€ BXOJUT B HAYYHOE MHUPOBO33peHHE. XapaK-
TEPHAsA METO/OJOTUSA AHTUHAYKU — CHA4a/1d BBOJUT-
€A IIIOOAIBHBIN TEPMUH, CKAXKEM «JIETAIOMIUE TAPE-
KW» WIN «OUOTONE», 4 3d4TEM BCH JACUCTBUTEIBHOCTD
IIOATOHAETCA IOJ ONPAaBAdHUE €r0 PEWIbHOCTU. Hu
PAalMOHAJBLHOIO MBIIMIJIEHUSA, HA CKENTUIIU3MA 3/1€Ch
HET HU IPaHa.

[TpucKOpO6HO BUAETDH, KAK B 3TOT I'DOMKHI XOp
CIy’KUTEJIEH AQHTUHAYKU BXOJAAT PACCEKPEUYECHHBIE
B XO/l€ KOHBEPCUHU PAOOTHUKHU BCEBO3MOXKHBIX «AIIU-
KoB». BIIK, caenaBmuil Tak MHOTO U1 feopMariuu
Hallel 5KOHOMUKH, BHOCUT CBO¥ BKJIAJ U B Aedop-
MAaIMIO OTHOHNIEHUSA K QYyHAAMEHTAIBHON HAYKE.

YTO MOXET INPOTUBOIOCTABUTL HAYKA 3TOMY
cpenHeBEeKOBOMY (eHomeny? CropuThb ¢ Henpodec-
CUOHATBHOU NMPECCON HECNONME3HO. MOKHO HAIEATh-
Csd, 4TO CUHAPOM AHTUHAYKU IPAKTUYECKU 3aAMpPET
IIpU CTAOMIU3ALUU ITOJUTUYECKON CUTyalUU (4TO
MBI U BUJIUM, CKaxeM, B0 Ppannuu unu CIIA, HA KO-
TOpBIE TAK JIOOAT HECOOOCHOBAHHO CCHUIATHCA HAIIU
ydonorn). OflHAKO, KaK U BO BCE BpEMEHA, HAYKA MO-
JKET U JJOJUKHA OOOCHOBBIBATH CBOE CYIIECTBOBAHUE
IIyTEM MONY/IAPU3ALUN CBOUX JOCTUKEHUI U IIPOIIA-
TaHAbl HAYYHOTO MUPOBO33penud. Kypuan «[Ipupo-
Ja» 6yleT HEYKIOHHO IPOJOJIKATD CBOE JIEJIO B 3TOM
HAIIPABJICHUHU.

O Hauiem y4dyumeae

M.A.CemenoB-TsaH-1IIaHCKHUH,
00KMOp PU3UKO-MAMEMAMUUECKUX HAYEK

Canxm-Ilemepbypzckoe omoenenue Mamemamuueckozo uncmumyma umeru B.A.Cmexnoea PAH;

Bypeynocruil ynusepcumem (HJuaucon, Ppaniusi)

xoa dazpjeesa — OrpoMHas IOTEPS I POCCUM-

CKO¥M M MUPOBOU HAYKHU. I HAC, ETO YYEHUKOB,

9TO CIC M TsKEIAA 4YeOBEYCCKad yrpaTd. Mol
BE/lb €r0 3HAAW U C HUM paborann nourtu S50 Jer.
Joasur JIMUTpUEBUY CaM HECKOJBKO pa3 BO3BpPa-
majJcad K CBOEH HAy4yHOM aprobuorpaduu. Temepb
O HEM JIOJUKHBI HATIACATh MBI,

© CemenoB-Tan-Ilanckuit MA., 2017

JKusub JIJ. 6bTa U CYACTIUBOU, U BMECTE C TEM
JpaMaTUYEeCKOM. MHOroe U3 TOro, O YeM OH MEuTall
eme B IOHOCTH, €MY YJAlIOCh PEANTU30BATh. BmecTe
¢ TeM (PYHAAMEHTAIbHAA HAYKd, KOTOPOI OH MOCBATHUII
BCIO CBOIO JKM3Hb, OK43a/1dCh HE HYKHA COBPEMEHHOI
POCCUICKON BIaCTH, 20 JIeT BRIMAPUBABIICH HAYKY Ha
I'OJIOZAHOM TIa¥Ke, 4 3aTeM JICMOHCTPATUBHO HABA34B-
meH YHUBUTENBHYIO «pePOpPMY>» AKAEMUN HAYK, BO-
IIPEKU MHEHMIO HAy4yHOro coodmectBa. O6 3TUX CO-
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N.0.®apneeB Bo Bpems KoHUepTa B yecTb ero 80-netus ([om
yueHblx B CaHkT-MeTepbypre, mapt 2014 r.).
®oTo aBTOpa

6pTHAX JIJI. rOBOPUI C 60JBIION TOPEUbo. B pa3HBIX
gopMax ero NpoTUBOCTOSIHUE HEKOMIIETEHTHON BJIa-
CTH NPOAOJLKAIOCH JOATHE roAbl — B 1990-€ rognl 310
6p112a 60ppOA 32 COXPAHEHUE OPIaHU30BAHHOI'O UM
MeXayHAPOAHOTIO MaTEMATUYECKOTO HHCTUTYTA HMeE-
HU DUIepa, KOTOPas CTOWIA €MY 340POBbs, CIIPOBO-
MPOBAB UH(PAPKT. ICXO] 3TON 6OPBOBI OCTACTCS HE-
SICHBIM M CE€HMYaC, IOCJIe ero KOHYMHBL He Xxouercs Ha-
YUHATD CTATDHIO, MOCBAIEHHYIO TaMATh Jltogsura JImn-
TPUEBUYA, C 3TUX IIE€YAJIBHBIX OOCTOATENBCTB. I1pa-
BUJIbHEE HAYATb C MOCJIEAHEN U JOCTATOYHO PEAKOU
nouectu, Koropoi JIJI. 6bL1 y4OCTOEH, — YBBI, BCEI'O 32
HECKOJIBKO MECHIIEB /10 CMEPTHU.

KeaHToBas npobnema Tpex Ten

B asrycre 2016 1. BO BpeMst KOH(PEPEHI[HUH [0 TEOPHUU
HECKOIBKUX YACTHULL B JATCKOM ropose Opxyc 6bUIO
OOBABIEHO 00 YUPEKAECHUU CIENUANBHON MeAaIn
nmenu Jliogsura ®ajaneesa 3a BbIAAOIUECT paOOTHI
no (PU3MKEe CUCTEM HECKOJIbKUX YACTHUL,. Yupexsje-
HME UMEHHON MOYETHON MEJJaIN IPU KU3HU YYEHO-
IO — OYEHb PEAKUN Caydai. MOXKXHO BCIIOMHHUTD Me-
Janp uMeHu Maxkca Ilnanka, yupexzaennyio B 1929 1.
o ciay4daro 70-1eThs y4eHOoro, NpudeM IepBLIC JIBC
MeJaIu Bpyduau camomy M.ITnaHky u A DNHIITENHY.

Kcrary, JILJ. Toxe monydnn meaans Makca Ilnanka —
IpUYeM OH ObUI BCET'O JIMIIb TPETBUM POCCUHCKUM
YUEHBIM, YJOCTOMBHIMMCS 3TOW HArpaabl (BCIEH 3a
JLAJMangay u H.H.Boromo6oseiM). [losBreHue me-
pamu umenu dajjeesa, K COXKAJICHUIO, HEMHOTO 34d-
1ozjano, JIL.JI. B 3TO BpeMs OBLI YK€ TSAXKEIO OOJEH.
Tem He MeHee OH caM npuexan B OpXyc U IPUCYTCT-
BOBAJ HAa OQUUMAIBHON LepeMoHuu. Ilepsas Takas
MeJaab 6yAeT IPUCYXKAeHA TOJBKO B 2018 1.

YupexieHue HOBOW MeAanu ObUIO IPUYPOUYEHO
K 50-I€THIO EPEBO/IA €TI0 3HAMEHUTON MOHOTPpA(dUU
O KBAHTOBOM 3aj1aye Tpex Ten. dra padora JLIA. cpasy
JKE IOJIYYMJId IMHUPOKYI0 M3BECTHOCTD. 3aJd4a TPEX
TeJ B KIACCUYECKON MEXaHUKE OblIa IIOCTABJIEHA Ca-
muM M.Hpioronom. Ha nporaxenun 300 ner eio 3a-
HUMAJIACh KPYNHEHUIINE MATEMATUKY, U OHA IPUOO-
peia ciaaBy Hepa3pemuMOon. XOTs YMCICHHBIE METO-
Jbl, IPUMEHAEMBIE B ACTPOHOMUYECKUX PACUETAX,
XOpOIIO Pa3paboTaHbl, BOIPOC O IMOBEAEHUHU TPEX
TATOTEIOMMUX TeJ NPU OONBIIMX BPEMEHAX (B YACTHO-
CTH, O CXOJUMOCTH PAJIOB TEOPUU BO3MYIIEHUI U 06
ycToM4uBOCTH CONHEYHOM CUCTEMBI) OKA3bIBACTCA
HEOOBIUANHO TPYAHBIM. KBAHTOBAS 32/1a4d OKA3a714Ch
npoue — OJHOM U3 Moo6uMbIx ujaeit JI.J. Bcerpa 6uia
MBICJIb, UTO KBAHTOBAA MEXAHUKA IIPOIIE KIACCUYEC-
Ko#. C(POPMYIUPOBAHHBIE UM MUHTETPAJIBLHBIE «YPAB-
HeHusa Pajneesa» NOCTYKUIU OCHOBOU A1 3PdeK-
TUBHBIX YHUCJIEHHBIX BBIYUCIEHUMN.

HyXHO CKa3aTh, 4TO, XOT4 padora JI.I. 0 KBAHTO-
BOW 3ala4e TPeEX Tea NMPHUHECTA E€MY 3aACIYKEHHYIO
CJIABY, CaM OH 3Ty paboTy C CaMOTO HA4YaJId PACCMAT-
puUBaI KaK NPOUNAEHHBIN 3Tam. Ilocne myGnukanuu
MoHorpaguu «MareMaTu4eCKUe BOINPOCH KBAHTO-
BOW TEOPUU PACCEAHUSA JJIA CUCTEMBI TPEX YACTUI
(1963), OH PENIUTEABHO IEPEIICT K IPYIUM 33/[a4aM
1 6OJIbIIIE HUYETO HE NMUCAT Ha 3Ty TeMy. (D10 ObLIa
€ro 3HAMEHUTAA (POPMYJIAd — <«ECIU BBl YYBCTBYETE,
YTO BBl I'OTOBBl HA4YATh NHUCATb CEPUHHBIE CTATBHU,
HY’KHO CMEHHTDb TEMATHKY».) 1960-¢ rojisl 6bUIH BO-
o6mie aas JIJI. O4eHb CYACTIUBBIM U IJIOJJOTBOPHBIM
BpeMeHeM. [Tocsie TOro Kak OH 3aBEPIII PA6OTY Hal
KBAHTOBOU 33JJa4€H TPEX TEJ, B TEYEHUE TPEX JIET
OBLJIO TTOJIYYEHO PEMIAIONIEe IPOABUKEHUE B TEOPUU
Anra—Mumica, ogHospeMeHHO JIJI. TOaydus nojgHoe
peleHne TPeXMEPHONH OOPAaTHOM 3amauu (BOCCTA-
HOBJIEHME NOTEHIIMANA B ypaBHeHMu IIpéauHrepa
IO JAHHBIM PACCEAHMA) — 3Ty PabOTy OH CUHUTAI
CBOUM JIYYHNIUM AHATUTUYECKUM pPEZYABTATOM —
U KpoMme Toro, no npocrbe M.M.Ienvdanpa, 3a He-
CKOJIBKO HeJIe/Ib HalUCal paboTy IO TEOPUH aABTO-
MODP®HBIX (YHKIUHA, IJ€ METOJbI, NPUIICANINE U3
KBAHTOBOM MEXAHUKHU, NPUBOJAT K HOBBIM HJEAM
Y PE3YNbTATaM B 32/1a4€ aHATUTUYECKON TCOPUU Y-
cesn (Teopueil aBTOMOP(HBIX (PYHKIIUHU 3dHUMAJICH
IIOTOM B HAIIEH I'PYIIIE OJJUH U3 IEPBLIX ACIIMPAHTOB
JIJI. Ab.Benkos). Pa6oTa 0 TpEeXMEpPHOU O6paTHOU
3aj1aue 6bUId ONMYOIMKOBAHA TOIBKO uepes 10 seT —
NPOCTO HE OBIJIO BDEMEHU €€ NOMUCATD, Maa padbora
10 KBAHTOBOM TCOPUHU IOJIA, 4 TIOTOM €IIC U 11O TCO-
pUM COTUTOHOB.
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B atu xe rogel JILJ. Hayan GOpMUPOBATH CBOIO
I'pyHIy U3 CTYAECHTOB-CTAPUIEKYPCHUKOB (puspaxa
1 MaTMEX4, CTABIIMX 34TE€M €I'0 ACITUPAHTAMU U CTa-
JKepaMu. [lJig HAC, €T0 YYEHUKOB, BPEMS 3TO OBLIO CO-
BEPIUIEHHO BoJmeOHOoE. Llenblit MUp, MOXKHO CKa34Th,
OTKPBIBAICA nepes HaMu. O4eHb MHOTHE BEIIU, He-
obxoaumsble s pa6oTel ¢ JII., HE BXOJWIHN B IIPO-
rpamMmy yHusepcurera. IIpasaa, 6a3ucHas MaTeMaTu-
K4, CBA3aHHAS C KBAHTOBOW MEXAHUKOM, HA (pusdake
BCETJa MPENOo/iaBaIach NPEKPACHO — 3TO ObLIA 3a-
cayra akagemuka B.M.CMUpPHOBA, KOTOPBIU pa3pabo-
TaJl KYPC MATEMATUKH, CIIENUATBHO OPUEHTUPOBAH-
HBI HA KBaHTOBYIO (usuky; JLI. cam npomesn 3Ty
mkoay B 1950-x rr. Ho Tenepb HYKHO OBIIO BBIYYUTD
COBPEMEHHYVIO JUPDEPEHIUAILHYIO TI'E€OMETPUIO,
I'PYIIB U aare6psl JIu, M03Ke K HUM 106aBUIACH AJI-
re6pandeckas TOMOJOIUsA, ANIreOpandecKas reoMer-
pus... CaMoe IJ1aBHOE ObUIO OIYIIEHUE CBA3U «BCETO
CO BCEM» — (PYH/IAMEHTAIBHOU (PU3UKHU U KPACUBECH-
men mareMatuky. JLI. cunTan, 4T0o Xopomue (pusn-
YECKUE UJIEU JOJIKHBI IPUBECTHU K IIPOI'PECCY B 3a/1a-
4axX 4YUCTOM Maremaruku. B Havane 1970-x IT. OH
sMmecre ¢ b.C.ITaBJIOBLIM NPEANIPUHAT OYEHb POMAH-
TUYECKYIO IIONBITKY JJOKA34Th THIIOTE3Y PUMaHa, OJHY
U3 LEHTPAIbHBIX HEPEMIEHHBIX 3a/1a4 COBPEMEHHOMN
MaTEMATUKN, METO/JAMU KBAHTOBO-MEXAHUYECKOU
TEOPUU PACCEAHUA. DTA IONBITKA HE yAAIACh, HO
njes OYEHb KPACUBAS U, MOXKET OBITD, K HEU €IIIE BEp-
nyrca. C gpyrou croponsl, JII. Bcerga cumran, 4To
TOJILKO OY€Hb KPACHUBAS MATEMATHUKA MMEET MIAHCBHI
OBbITb NPABUJIBHOU B (PYHAAMEHTAJIBHOU (PUBUKE.
B passutuu PU3UKU ObUIO HECKOJIBKO TAKUX 3HAME-
HUTBIX CIY4A€B, KOIJJAa UMEHHO MATEMATUYECKASA KPa-
COTa IPUBOJIMIA K OTKPBITUIO HOBOI (pu3uku. [Toxa-
JIYH, CAMBIM 3HAMEHUTBIN NPUMEP — 3TO OTKPLITUE
cnnHOpoB n anTnyactul [ Jupakom. JI.I. Kak-TO 110-
JIYIIYTS KAJ0BAICs, 4TO B 1920-X rojax penukue pu-
3UKU — CO3/1aTE/IU KBAHTOBOY MEXAHUKU — I10 CYIIE-
CTBY HE 3HAJTU MATEMATUKN (MHOTO€, HAYNHAA C MAT-
PUYHOIO HCUUCIEHUS, KOTOPOE TENEPb CTYJECHTHI-
MATEMATUKHU Y4AT HA IEPBOM KYPCE, OHU NEPEOTKPHI-
JIU 11O XO/ly JIeNd), — 4 TENEPDb MBI 3HAEM MHOXKECTBO
TOHKHMX BEIIEH, U TEM HE MEHEE PEIUTENBHOTO MIPO-
rpecca JOOUTHCA HE YAAETCA.

3uamenuTnoil cemunap dappeesa B JleHuHrpan-
CKOM OTJEIEHUN MaTEMATUUYECKOTO UHCTUTYTA UMeE-
Hu B.A.Crexnosa AH CCCP (JIOMHM) nHauynHaICA KaK
y4eOHBIHN, HO MOCTENEHHO, IO MEPE TOT'O KAK €0 y4a-
CTHUKHU B3POCJIEIM U HAYMHAIM MUCATh NEPBLIE pPa-
OOTBl, OH NPEBPATUJICA B IIOJHOLICHHBIN UCCIELOBA-
TeJbCKUN. KpoMe 3TOro mo NOHEJENbHUKAM U YeT-
BEPraM y JOCKM NPOUCXOJAUIN OOCYKIEHUA BCEX pPa-
604YMUX CIOKETOB. TaK MOCTENEHHO (POPMHUPOBAICA
«KOMAaH/IHBII CTWJIb> PAOOTHI B 1a60PATOPUHU, B KOTO-
pom JLZL., Kak OH CaM C YAOBOJIbCTBUEM I'OBOPUJI, OT-
BOAMI cebe posb Urpamouero rpeepa. Camoe Bax-
HOE NIpU paboTe HaJ 3aJadeil, JI0O6UJI OH TOBO-
pUTh, — NPABWIbHO 3AIPY3UTh NOACO3HAHHUE. DTO
BEMb, KOTOPOU HE TAK JIETKO HAYUYUTHCA, HO KAXKIBIU
paboTalomui MaTEMATHUK, KOTOPOMY NPUXOJUIOCDH

BbicTynneHune Ha koHdepeHumum B Opxyce ([aHus, aBryct 2010T.).
®oTo aBTOpa
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MUCTOPUSA HAYKU. MATEMATUYECKAS ®U3UKA

KOHIICHTPUPOBAHHO OOAYMBIBATH KaKyIO-HUOYIb
TPYAHYIO 33/1a4y, 3HAET, YTO PE3yJAbTaT HUKOI/IA HE
O6BIBAET MPAMO MPONOPIIUOHAIEH YCUIUAM. U BADYT,
[IOCJIE HEJENb OE3YCHEMHBIX NOMBITOK NPOJBUHYTh-
Csl, IPUXOJIUT HEOKULAHHOE 03apeHue. DTOT 3PPeKT
onncaH B cBoe BpemA A.IlyaHnkape, JOKa3aBIUM CBOIO
3HAMEHUTYIO T€OpeEMY 06 YHU(POPMUSZAIUHU B TOT MO-
MEHT, KOTZIa OH CaJuJjCA Ha MOJHOXKY OMHUOYCA,
HO B KAKO-TO MEpPE OH 3HAKOM BCEM HaM. DTHU MO-
MEHTBHI A0COJMIOTHOT'O CYACTBS MOCIE AOJrOro 0OAy-
MBIBAHMS 347141 U COBMECTHBIX OOCYXKACHUN y 10C-
KM — TO, 4TO BCIIOMMHAETCA IIPEXK/E BCETO.

KeaHToBaHue nona AHra—Munnca

Pa6ortsl JI.JI. 0 Teopun nousa Anra—Muniiaca — mo-Bu-
JUMOMY, CAMBIE U3BECTHBIE M BAXKHBIE U3 €TO PAOOT
1960-x romoB. BMmecTe ¢ T€M ¢ HUMHU CBA3aHA U OYEHb
Jpamaruueckas ucropud. Cam JLJ. HELABHO OYEHb
JKHUBO OIMCAJI €€ B CBOEM BBICTYIUICHUM Ha O6imem
cob6pannu PAH 1o ciy4aro npucyxXieHus eMy Mefaan
nmeHu M.B.JIOMOHOCOBAa — BBICHIEN HATPA/bl AKaje-
MuM HayK. OH oszarmaBuyn ero «Mos XuU3Hb Cpegu
KBAHTOBBIX nosier». Uurepec JI.J. K KBAHTOBOM TEO-
pHUHU NOJI CJIOXKUIICS €IIE B CTYLEHYECKUE I'OJIbl, KOT-
Ja npogeccop Kapenpbl MaTEMATUKU (PU3UIECKOTO
(pakynprera JIEHHHTPAACKOTO TOCYJapPCTBEHHOTO
yHuBepcurera (rge oH yumiaca) O.AJlapplKeHCKas
OPraHU30BANIA CIENUATbHBIA CTYJEHYECKUN CEMU-
Hap, IOCBANICHHBIM MAaTEMATUYECKUM dACIHEKTAM
KBAHTOBOU Teopuu noss. JLI. TaM OblI IVIaBHBIM J0-
xiaguukoM. Ho B cepepune 1950-X rooB KBAHTOBASA
TeOpus IO/ IEPEKUBAIA TPYLJHOE BPEMA U HALOJIIO
BBIIIIA U3 MOJBL 32 OJIECTAMMUMHU YCIEXAMU KBAHTO-
BOM 3JIEKTPOAMHAMUKH IIOCAELOBAIO LEJIOE JECATH-
JIeTUE OE3YCIEIMHBIX MONBITOK NPUMEHUTDh TEOPUIO
[IOJI ISl pacyeTa BHYTPUALEPHBIX cruil. HO OKOHYA-
TENbHBIM yaap el Hanecso orTkpeirue JLJJlanpay
u WA IloMepaHdyKOM TaK HA3BIBAEMOTO <«I1aPAZOKCa
HyIb-3apAfa> (OOpameHusa B HYJIb INEPEHOPMHUPO-
BAHHOM KOHCTAHTHI CBA3M). DTOT NAPAJTOKC OTHOCUII-
C4 K KBAHTOBOM JIEKTPOJUHAMUKE (KOTOPAd, B OT/IU-
YKUEe OT ME3OHHON TECOPUHU SAJCPHBIX CUJI, IPEKPACHO
paborasa U NIO3BOJIIA PACCYUTBIBATL TOHKUE 3(P-
(pEKTHI C HECpELEJEHTHON TOUHOCTBIO). TeM He Me-
HEE PE3yIbTaT TOHKOIO (M NPABUIBHOIO!) BBIYUCIIE-
nug Jlanjgay n IloMepaHdyka yKasblBasa, KaK CYUTA-
JIOCh, HA IIPAMOE JIOTUYECKOE IIPOTUBOPEYHE B €€ OC-
HOBaX. B cBOEH KOPOTKOI crTarbe «PyHIAMEHTAb-
HBIE IPOGJIEMBI>, KOTOPAsA OKA34/1aCh OCIEJHEN, Ha-
MUCAHHOU HE3a/I0JITO 10 TPATUYECKON aBTOMOOUIIb-
HOI KaTacTpodsl, JlaHgay, CCbUIASACh HA MAPATOKC
HYJIb-34PA/d, OOBABUI TAMUIBTOHOB METO/| B TEOPUU
[10JI MEDPTBBIM, HYXJAOIMMCA B IIOXOPOHAX («CO
BCEMU IIOYECTAMH, KOTOPBIX OH 3aCJHyXKHBACT»).
«BBUAY KPATKOCTHU XKU3HU, — 3aKaodan Jlangay, —
MBI HE MOXKEM IMO3BOJUTb C€0€ 3aHUMATHCA 3a/a4a-
MM, HE BEAYIIMMH K HOBBIM p€3yabraraM». B Hagase
1960-x cioBa JlaHAay BOCIPUHUMAINUCH €IO YICHHU-

KaMM Kak 3asemanue Yuurend. [losromy, Korjga
B 1966 1. JLII. BMecTe ¢ B.H.ITOMOBBIM MOTYYUTH pe-
Hraroee NpoABUKEHUE B KBAHTOBOHU Teopuu SIHra—
Mwica (MMEHHO Ha OCHOBE TPAaJAULIMOHHOIO Id-
MIJIBTOHOBA MOJXO/A), UX CTATbd HE MOIJA OBITh HU
NPHUHATA K IIEYATH B OJJHOM U3 BEJYIIUX (PU3NUECKUX
KypHaioB B CCCP, HU oTnpasicHa 32 I'paHuly (s
Yero TpeboBaIoCh MOJOKUTENbHOE 3aKn04eHue OT-
penenus apeprHon pusuku AH CCCP). B urore ¢ ro-
JUYHON 3a/IEPKKOIN OBIIO ONMYOJIMKOBAHO JHUIIb KO-
porkoe coobmenue B «Physics Letters», a MOJHBINA
TEKCT paboThl U3an KHeBCKUIT MHCTUTYT TEOPETHU-
YECKON (PU3UKHU B BUJEC INPENPUHTI; 3TO INPENPUHT
ObLI IEPEBEJCH HA AHIVIMUCKUHI U HAIIEYATAH B MATE-
puanax Fermilab tonsko B 1973 1., yxe B pasrap 6y-
Ma, CBA3AHHOI'O C IOABIECHUEM IIOCAELOBATEIbHON
TEOPUH KBAHTOBBIX KAJIMOPOBOUHBIX MOJIEN.
[eomerpuyeckas Kpacora treopum Anra—Mwumica
CTajla MOHATHA HE Cpa3y — nepsoHavanbHo JIJ. xo-
TEJI 3aHUMATHCA KBAHTOBOM I'DABUTALMEN, MTOIA SAH-
ra—Mmujica Kasajauch ckopee 60s€e MPOCTHIM MO-
JENbHBIM NpuUMepoM. Temepp MBI 3HAEM, UTO 3TOT
IIPUMEP OKA3a/JICHd HUCKIIOYUTEIbHO yJAYHBIM — OH
I103BOJINJI 0O600IMIUTD KBAHTOBYIO 3JIEKTPOJJUHAMUKY,
O00BEAUHUB €€ CO CAa0BIMU B3AUMOJICHUCTBUIMU,
U BIIEPBBIC IIOCTPOUTH IOCIELOBATEIBHYIO TEOPUIO
CUJIbHBIX B3AUMOJLEUCTBUN. [eOMETpUUECKU TEOPUSL
Anra—Mwuinca — 3TO, IO CYHECTBY, «OOI[Asd TEOPUL
OTHOCHUTEJIBPHOCTH B 3dPAJOBOM IIPOCTPAHCTBE»,
U B 3TOM CMBICJIE OHA OYE€Hb OJIU3KA IO JyXy K T€O-
pUM TATOTEHUA DUHINTENHA. Bce 3TH 3aXBATHIBAIO-
e COOBITUS IIPOU3ONUIN yXKe B Havyane 1970-x ro-
noB. cxonHas pa6ora Pajageesa u I1onosa, B KOTO-
pOM OBLIO BIEPBBIE MOIYYEHO KOPPEKTHOE KBAHTO-
BaHUE TEOPUU AHra—Muiica, noCay:xuna 6a30M s
BCEro jJaipHemnmero. KaodyeBoe OTKPbITHME Hadanaa
1970-x COCTOANIO B TOM, 4TO Teopus fHra—Muiica
CBO6GO/IHA OT MapajioKCa HyIb-3apsja. Pe3ynsraTom
CTaJIO HOCTPOEHUE «CTAHJAPTHOU MOJIENN» B (PU3UKE
3JIEMEHTAPHBIX 44CTHUL, OTMEYEHHOE HECKOJIbKUMU
Hob6enesckumu npemusmu. K coxanenuio, JIJI.
HE ITOTAJ B YMCJIO 1AypeaToB. He TOJNBKO MBI, €TI0 yue-
HUKH, CUUTAEM, YTO 3TO SIBHAS HECIPABEIUBOCTD.
Crapwiit apyr JLU. u cosparens Teopun Snra—Muini-
Ca BeMUKNH (pU3UK AHTr-UKEH-HUH HAUCAI MO 3TO-
My NOBOJY: «MHOTHE, BKIIOYAd MEHA, CYUTAIN, 4TO
dannees NOLKEH OBl pa3aennTb Hobenepckylo npe-
muio 1999 1. ¢ ‘T Xoodptom u Bensrmanom. Cpeau pu-
3UKOB-TEOPETUKOB B XX B. CYIECTBOBAJIO CTPAHHOE
oTHoleHUE K Maremaruke. B XIX B. pab6oTsl Makc-
Besuia, bonbiimana, 'm66¢a, KenbuHna, JIopeHia cBu-
JETENbCTBOBAIM O IPOTUBOIIOJOKHOM OTHOLIECHUU
K POJIM MATEMATUKHU B (pU3UKe. KaXKeTCA, 4TO ¢ HEKO-
TOPOU 3aHOCUYMUBOCTU MONOABIX Ilaynu u Ieiizenbep-
ra 6€EpeTr CBOE HAYAWIO IPEACTABICHUE, YTO MATEMA-
THUK4 TOJBKO BPEAUT OPUIMHAIBHOCTU B (PUBUKE.
CBUETENBCTBO TOMY — CTPAJaHUA U ropedb Makca
Bopna unu Burnepa. Xots leii3eHO€pT B MO3/JHUE T'O-
Jbl U3MEHUJI CBOU B3IJIAABI HA MATEMATUKY, B AMEPU-
KAHCKOI (PU3HKE 3TO BBICOKOMEPHOE IIpeHeOpexe-
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HUE MATEMATUKOU HAJJOJTO YKOPEHUIOCH. S AymaIo,
4YTO 3TO OJHA U3 npuuuH, nouemy dajagees HE ObLI
BKJIIOYEH B UMCJIO J1aypeaToB 1999 r.».

CrouT 3aMETUTDb, 4TO ynoMuHaHue [1ayiu B 3T0M
KOHTEKCTE HE JMIIEHO HEKOTOPON NEPCOHAIbHOMN
ropeun — B 1954 1. Ha cemunape P.Onnenrenmepa
[Maynu «3apybui» pabory camoro fHra, KOTOpbIi
PAacCKa3bIBaI IPO CBOIO TEOPUIO. TOTBKO MOJIOJOCTD
AHra u 6JaroxenaTeabHOCTh ONNeHrenmMepa Cnaciu
[OJIOKEHUE, U paboTa SAHra u Muwuica, U3MEHHUBIIASL
(PyHJAMEHTAIBHYIO (DPU3UKY, OBbLIA ONYOTUKOBAHA.

Bosspamasce k padore Paggeesa u [Tonosa, cTo-
UT 0CO60 MOJYEPKHYTD IPOCTOTY U ACHOCTD IIPEJIO-
JKEHHOI'O UMHU 110X0/a. PAKTUYECKH OHU BOCCTAHO-
BU/IU B IIPABAX B TEOPUHU IOJIA METOJ (PYHKIIMOHAIb-
HBIX MHTETPAJIOB, U30OPETEHHBIN KOIjga-TO P.DenH-
MaHOM. B Hauane 1960-x romos ®eHMHMAH TOXeE
NPEANPUHAN MONBITKY NIPOKBAHTOBATDL MOJ€E Hra—
Mwiica, HO IO HENMMOHATHOM IPUYUHE 3TUM METOJOM
HE BOCIOJB30BAJICI U HE CMOT JJOBECTU PabOTY /0
koHua. JILII. mo6un roBOpUTh, 4TO0 OHU C [1ONOBBIM
nepeurpann PefHMAHa HA €r0 COOCTBEHHOM IOJIE.
KinroueBor MOMEHT COCTOSA IIPU 3TOM B IOCTPOECHUU
NPABUJIBLHOI MEPBI UHTETPUPOBAHUA, T.€. B BBIYUCIIE-
HUM HEKOTOPOTro omnpeaenurend. I[IepBolii BapuanT
3TOI'0 BBIUMCJICHUA (TaK HA3bIBAEMBIA TPIOK Daznjee-
Ba—Ilonosa) 6bu1 npeanoxeH [TonossiM, a 3aTem JLI
HaIlIeJI €O OUYEHDb KPACUBOE OOOCHOBAHUE. 3HAMEHU-
Tas cTarbs JILI. ¢ U3JI0KEHUEM 3TOI'O METOAA OTKPHI-
BaJIa IIEPBBIIT HOMED KypHana «TeopeTudecKas u Ma-
TeMaTuueckas (U3UKa», OCHOBAHHOTO B 1969 T
(B 1970-x u 1980-x romax 3ra CTaTbhs CTaNAd CTAH-
JAPTHBIM TECTOM IIPU OTOOPE CTYLEHTOB U ACIIUPAH-
TOB B n1abopatopuio JI.JI. — CTaThIO MOJATAIOCh 1O-
HUMATb.) Beruncnenne PyHKIUOHAIBHOIO MHTErPa-
J1a IO TEOPUM BO3MYIIEHHUIT IPUBOJUT K AUATPAMM-
HOW TEXHUKE (KOTAA-TO UMEHHO U300PETEHUE ITOU
TEXHUKU «(PEUHMAHOBCKUX JUAI'DAMM», OIMUCBIBAIO-
IIUX PACHPOCTPAHEHUE U B3AUMOJACHUCTBUE KBAHTO-
BBIX Y4CTHUI], CBIIPATIO PEBOJIOIUOHHYIO POJb B (PU-
3UKE€ — C UX IOABIECHUEM KBAHTOBASA TEOPUA IOJA
obpena HAIJIS/IHBINA U aIEKBATHBIN SI3bIK); IIOIIPABKA,
CBA3dHHAA C Y4ETOM [ETEPMHUHAHTA, SKBUBAJECHTHA
JOOABIEHUIO K 3TUM JUAIPAMMAM €lI€ OJAHOU «(PUK-
TUBHOM» YaCTULBL. DTU YACTULIBI — 3HAMEHUTBIE «/Iy-
xu dPagpeea—IlomnoBa» — CTaAW KaK OBl BU3UTHOU
KaPTOYKOI HOBOI'O METO/A, O HUX CJIBIXAJIU U T€, KTO
HE 3HAET TEOPUU NOJS U BOOOIIE (PUBUKU.

MeToa o6paTtHoM 3apauu.
Knaccuueckue M KBaHTOBbIE CONUTOHbI

B mavane 1970-x JLJ., 2 32 HUM U BCE €r'0 YYCHUKU
GBI YBJIEYEHBI HOBBIM CIOKETOM — YJUBUTEIbHBIM
HOBBIM METOJOM PELICHUS HEJIUHEUHBIX YPABHCHUN
B YACTHBIX IIPOU3BOAHBIX. MCXOgHAA uaesd 3aMeda-
TEJIbHOI'O AMEPUKAHCKOIO Maremaruxka M.Kpyckana
OblJIA COBEPIIEHHO (PAHTACTUYECKON — MOJCTABUTD
npoguib BOJHBI B HEIUHEHHOM ypaBHeHUU Kopre-

Bera—jae Opusa (3TO YPABHEHHE ONMCHLIBAET [JIMH-
HBbIC BOJIHBI H4 MEJIKOH BOJ€ U HU3BECTHO C KOHIIA
XIX B.) B KBAHTOBO-MEXdHUYECKOE ypaBHeHUE HIpé-
JUHIE€PA U PELIUTD I HETO 3a/1a4y PacCeaHusd. OBO-
JIOLUUA AAHHBIX PACCEAHUSA ONMCBIBACTCSA IMPOCTBIM
JUHENHBIM YPAaBHEHUEM, KOTOPOE JIETKO PEMIAETCH.
YT1O6Bl BEPHYTHCA OOPATHO M ONMUCATH 3BOJIOIUIO
HUCXOJHOI BOJIHBI, HY’)KHO PEIIUTb OOPATHYIO 3a/1a4y
Teopuu paccesnus. Kak Kpyckas nepBoHa4aabHO JO-
JYMQJICA JO 3TOU UJI€U, COBEPUIEHHO HEMOHATHO. Te-
[IEPb-TO MBI 3HAEM, C YEM CBA3AH ITOT IIOPA3UTENb-
HBII TPIOK, HO B cepeinae 1960-X 3TO GBI TPOM Cpe-
au ssicHoro Heb6a. Tprok Kpyckana 6bl1 3HAUUTEIBHO
IIPOSICHEH B paboTe APYyroro 3aMe4YaTeJbHOI'O aAMe-
PUKAHCKOro mareMmaruka, IL.JIakca, a BcieJ 3a TeM
B.E.3axapos u A.B.Illa6aT nOCTPOUIN HOBBLIE IPUME-
DPBl HEJIMHEUHBIX YPABHEHUHU B YaCTHBIX IIPOU3BOJ-
HBIX, KOTOPBIE PEMATUCH TAKUM CIIOCOOOM.

JIJI. BHEPBBIEC YCJABIXAJ] 00 3THUX NOPA3ZUTEIbHBIX
BellaX BO BpeMsa KoH@epeHuuu B HoBocubupcke
B Havane 1971 r, rae Ol jenas JOKIA] O TPEXMEPHON
obparHoil 3agave. Tenepp HEOXKUJIAHHO OKa3a10Ch,
4TO 06paTHAA 3a/1a4d Il OJHOMEPHOTO YPAaBHEHUS
HIpénunrepa (nau OIMU3KOTO ypaBHEHUs [upaka),
xkoropywo JLI. pemnn eme B 1959 1. B KAHAULATCKON
JUCCEPTALUHU, HENOCPEACTBEHHO pPabOTAEeT B 3TOM
HOBOM KoHTekcTe. Kanauparckas gucceprauus JLI,
OblJIa B CBOE BpeMs HANMCaHA BCIEA 32 (PyHAAMEH-
TAIBHBIMU paboTaMu 06 OOpaTHON 3a/1a4e paccesi-
Hua U.M.Tenbpanna, b.M.JIeBurana u B.A.MapyeHKoO.
OHHU pacCMaTPUBAIN OOPATHYIO 33/a4y U1 PAJUallb-
Horo ypasHenud IIpénunrepa (BO3HUKAIOMIETO U3
TPEXMEPHOI'O YPABHEHU IIPU PA3AECICHUY IIEPEMEH-
HBIX). Kak Teneps CTajlo ACHO, CAy4al yPABHEHUA HA
BCEN OCH (JU1s1 HETO OOpATHAA 34/]a4d HEMHOTO CJIOK-
HEE) TOPA3A0 BAXKHEE A HU3YYEHUA HETNHEUHBIX
ypaBHEHUH. [IepBBIM UTOIOM OOCYXAEHHUS HOBOTO
METOJA CTald 3HaMeHuTasd padora 3axaposa u dajg-
jneesa «Ypasuenue Kopresera—pae @pusa Kax BIIOJIHE
UHTErpupyeMas cucreMar. [IoHATHuE IOTHON UHTETr-
PUPYEMOCTU BO3HUK/IO B AHAIUTUYECKOU MEXAHUKE
B XIX B,; B cepeaune 1960-x rogos B.M.ApHOIB] IpHU-
BJIEK K HEMY BHUMAHUE, NPEJIOXKUB I HETO KPACH-
BYIO I'€OMETPUYECKYIO (POPMYJIUPOBKY (3TO 3HAME-
HUTAA Tenepb TeopeMa JInysuana—ApHOAbA). Ma-
TemaTuku XIX Beka NpUAYMaau JOBOJIBHO MHOTO
TOHKMX NPUMEDPOB UHTETPUPYEMBIX CUCTEM, JJIA UX
peImenus UCIOAb30BATNUCH CIIENUATbHBIE 3AMEHBI IT€-
peMeHHBIX. B 19-M cTONETUN BCE 3TU CIOXKETHI OJJHO
BPEMs CYUTAIUCH BEPIIUHON MATEMATUYECKOI'O AHA-
JIN32 U BXOAWIN B IPOTPAMMBI YHUBEPCUTETCKUX K-
3aMEHOB, HO MOCTENEHHO CTAJ0 MOHATHO, 4YTO «06-
1e> MEXAHMYECKME CUCTEMBI OYEHD JAJIEKU OT MH-
rerpupyemoctu. Ilocne pa6or Ilyankape uHTEpec
CMECTUJICA B CTOPOHY JOKA3ATENbCTBA HEUHTEIPUPY-
€MOCTH, U3YYECHUS XA0CA U JIp., U UHTEIPUPYEMBIC
CUCTEMBI HAZOII'O BBIIUIM U3 MOJbL. HU OJHOIO He-
TPUBUAIBHOTO NPUMEPA OECKOHEUHOMEPHON UHTET-
pUpYEMOM CUCTEMBI (T.€. CUCTEMBI IIOJIEBOTO THIIA)
He ObUIO U3BECTHO. X0Ts pabora 3axaposa u dajje-
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Ha koHtepeHuuun B yectb J1.[.®apneesa B Wamonu. N1.0.Pagpees, A.10.Bonkos, J1.A.TaxtagxsH, A.10.Anekcees, M.A.CemeHoB-
Tau-lWaHcknit (PpaHuus, mapt 2015 r.).

€B4 10 CYLECTBY ObUIA TEPEPOPMYIUPOBKON YXKE U3-
BECTHBIX (PAKTOB, €€ UJEOJOTUUECKOE 3HAUECHUE OBbI-
JIO OTPOMHO — OHA O3Ha4a/d, YTO 6ECKOHEYHOMED-
HBIE UHTETPUPYEMBIE CUCTEMBI CYIIECTBYIOT U OYEHD
MHTEPECHBI U HETPUBUAILHBL. OCOGEHHO MHTEpPEC-
HBIM OK43aJIOCh ABHOE ONMCAHUE (PA3OBOr0O MPOCT-
paHcTBa ypasHeHUsa Kopresera—pge Opusa B TEpMU-
HaX «JAHHBIX PACCEAHUSA» — B HEM BBIJETUJICA BKIA]
OT 3HAMEHUTHIX COJUTOHHBIX pEIICHUN (YELUHEH-
HBIX BOJIH), IPUYEM OHHU BEIU Ce6A KAK HACTOAINIUE
yacTuubl. IIponsonuia, Kak JIO6MI MO3KE TOBOPUTD
3axapoB, CMEHA NaPaJUI'MBL

C camoro Havana unrepec JLI. K UHTErPUPYEMBIM
YPAaBHEHUAM OBLI CBA3AH C HAZEKAON NPUMEHUTD HO-
BYIO TEXHHUKY B TeOpUHM N0a4. KOHEYHO, ypaBHEHHUE
Kopresera—pe ®pusa ¢ €ro HEPENATUBUCTCKON KUHE-
MATHUKON — HE CJIMIIKOM YAA4YHBII IPUMED, HO HOBBII
METOJ] MCCIe/IOBAHNA HEJIUHENHBIX YPABHEHUH I103-
BOJISI HAJEATBCA, YTO MOXKHO IIOCTPOUTD U IIPUMEPDL
PENATUBUCTCKAX UHTEIPUPYEMBIX ypaBHeHUI. W Ta-
KO€ ypaBHEHUE — 3HAMEHUTOE BIIOCIEACTBUM YPABHE-
Hue sine-Gordon — BCKOPE HAILIOCh, IIPUYEM 3ITO
ObLJI XOPOLWIMI IIPUMED T10Ib3bl MEXKAYHAPOJHBIX KOH-
TaKkTOB. B Havane 1972 r. JL.JI. 6wu1 B CIIIA, rae oH cue-
JIAJI CEPHUIO JIOKJIAJ0B U PACCKA3BIBAJI, B YACTHOCTH,
O TOJBKO 4YTO HANMCAHHON paboTe ¢ 3aXapOBLIM, —
1 NPUCYTCTBOBABIINI HA JOKIA/E€ AMEPUKAHCKUAN (PU-

®oTo A.3agHenpoBcKoit

3uk x.Knaygep ynoMmanyn ypasHeHue sine-Gordon,
BO3HUKIIEE I[I€PBOHAYAIBHO B HEIMHEUMHOHU OITHKE.
Kak u ypasnenmue Kopresera—pae ®pusa, ypaBHeHUE
sine-Gordon COAEPKUT JBE NEPEMEHHBIX (KOOPJHUHA-
Ty U BPEMS); €r0 HENOCPEACTBCHHBIE (PU3UUECKUE
IIPWIOXKEHUA BKIIOYAIOT, KPOME ONTUKH, TEOPHUIO
CBEPXIIPOBOAMMOCTH — HO IJIABHBIM €I'0 UHTEPEC CBA-
3dH C TEM, YTO 3TO UCTOPUYECKU IEPBLI HETPUBU-
AJbHBIA INPUMEP PENATUBUCTCKU HMHBAPUAHTHOU
BIIOJIHE UHTETPUPYEMON TEOPUU MOJIA (B IBYMEPHOM
IIPOCTPAHCTBE-BpEMEHN). OCHOBHOE TEXHUYECKOE
CPEACTBO IIPU HU3YYEHUU UHTEIPUPYEMOIO ypaABHE-
HUS — IOCTPOEHUE /I HETO TAK HA3BIBAEMOM «JIAKCO-
BOU Mapbl» (BCIOMOTATENBHOIO JUHENHOTO AUDdhE-
PEHLIMAIBHOI'O YPABHEHMS, 33/1a4d PACCEAHUA [JId KO-
TOPOTO TMO3BOJAET PEIMUTh UCXOAHYIO HEIUHENHYIO
3aja4y). [TOMCKOM «IAKCOBOW MApPb» I YPaBHEHUSA
sine-Gordon 3anHsuics JleoH TaXTapKsSH, TOJBKO YTO
npuHATHHN B JIOMMU cTaxepoMm I10C/Ie OKOHYAHUA MAT-
Mexa. OZHOBPEMEHHO 3ITOMU 34/aYe€Nd 3AHUMAJIACh
Ipynna aMEPUKAHCKUX MATEMATUKOB (M.A6mosui,
J.Kayn, A.Heroses, I.Certop). YyTb no3xe K TaxTazxs-
Hy u dapjgeeBy NPUCOCIUHUICH 3aXAPOB; PE3YIBTA-
TOM 3TOI PA6OTHL CTAJIO IOJHOE ONUCAHUE PEIIEHUN
1 — CAMOE€ IVIAaBHOE — KPACUBBLIE U IPO3PAYHLIE (POP-
MYJIBl JUI1 SHEPTUM U HUMIIyJAbCa nond sine-Gordon,
B 3JIEMEHTAPHON JMHEHHOU TEOPUM AHAJTOIMYHBIE
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(OpMyJIBL CIIYKAT OCHOBOU ISl MHTEPIPETALUU pE-
HICHUI IIOJEBbIX YPABHCHUHN B TEPMMHAX YaCTHUI|
(3HAMEHUTBIA «KOPIYCKYIAPHO-BOJHOBOMN JYAIU3M»).
B HOBOII MOJEIM, KpOME YACTULL, CBA3AHHBIX C UCXO[-
HBIM I10JIEM, BO3HUKAJ BKJIAJl, CBA3AHHBINA C YaCTUIA-
MU HOBOI'O TUIIA — COJIMTOHAMU U UX CBA3AHHBIMU CO-
CTOAHUAMU. Mjesd CBA3aTh COJMTOHHBIC PEHICHUSA
C HOBBIMU 4aCTULAMU (OTCYTCTBYIOIIUMU IIPU «HAUB-
HOM» KBAHTOBAHUU MOJIEIM) U CaMad BO3MOXKHOCTD
Pa3pyMUATh CTAPYIO MAPAAUTMy KBAHTOBOU TEOPUU
IOJISL «O/IHO TOJIE — OJIMH TUIl YACTHUL> OPAKAIU BO-
obpaxkeHnue. I 10 CUX MOP NOMHIO GJECTAIUN JJOKIA]]
apneesa 06 3Tou padore Ha cemuHape CMUPHOBA 110
MaTeMaTu4ecKon (usuke. ToOUHOE pENeHUE COOTBET-
CTBYIOLIEH KBAHTOBOIIOJIEBOM MOJEIU 3AHIO IIOYTHU
10 ner. ITepBLIM €0 MIATOM CTAJIO «KBA3UKIACCHUYECC-
KO€» KBAHTOBAHUE, COOTBETCTBYIOLIEE MO AYXY «CTa-
POl KBaHTOBOU Teopumn» bopa—3ommepdenpia, Ko-
TOp4s IPEAIIECTBOBANA CO3/JAHUIO ITOCIEL0BATED-
HOHM KBAHTOBOM MEXAHUKHM. Ha IepBBIX MOpax 3TU
HJIEN CTOJIKHYJIUCH C KECTKON ONIO3ULUE (DPU3UKOB.
Joxmnap JIJI. Ha 3HAMEHUTOM TEOPETUYECCKOM CEMUHA-
pe B.H.I'pu6oBa BO BpeMs 3UMHEI IKOJIBI JIEHUHTPAJ-
CKOTO MHCTHUTYTA A€pHOI (PU3UKHU 1974 T. 3aKOHYUII-
Cs MOPAXKEHUEM — IIOCJIE YETBIPEX YaCOB y focKu JLJL.
COPBAJI TOJIOC M BBIHYKAECH OBUT YUTH, CONPOBOK/AAC-
MBI UDOHUYECKUMU 3AMEUAHHUAMU O MOMBITKAX BOC-
KPECUTDh «MeduTy DUHIINTEeHHA». Tlocae 310 Heyaauu
JLJ. y T'pn6oBa 60bIIE HE BEICTYIAI — 3AMIUTA TOUKU
3peHus Hamen 1a6opaTopun 6bUIA MIOPYUEHA ETO MO-
JIOABIM yueHUKaM. KioueBoe BBIUMCICHUE IO TEOPUU
BO3MVIICHUM, TOATBEPKAABIIECE YCTONYUBOCTD COJIU-
TOHOB NPU KBAHTOBAHUU, CJIETAIN
N Apedresa n B.E.Kopenun. Bo-
noja Kopenun, B TO BpeMsA ACIHU-
PaHT IMEPBOTO T'OAd, MPOIIE] Ha
pusdake CEepbE3HYI MKONY I10
KBAHTOBOM TEOPUU IIOJISL U MOT I'O-
BOPUTb C Y4ACTHHUKAMHU TPHUOOB-
CKOT'O CEMMHApPa HA HUX A3BIKE.
B wurore ero 60€BO€ KpEllEHUE
IIPOLUIO YCIIEMHO — TEOPETUKU
[IPU3HAJIU HAKOHEL] HAIIlY IIPABOTY.
A 4yepe3 HECKOJBKO JIET YAAI0CH
JOCTUTHYTh M HACTOANIETO IHPO-
pbIBA — BMECTO NPUONMKEHHOTO
«KBA3UKJIACCUYECKOTO» PEIICHUSA
IIOCTPOUTH TOYHOE.

HoBblil METOZ MOJYYUJI HA3BA-
HHE «KBAHTOBBIN METO]] 06PATHOI
3a1a4M» — MO AHAJIOTUH C KJIACCHU-
YECKUM METOZOM OOpPATHOM 3a7a-
YU, MOSIBUBIIUMCS JECATUICTUEM
panbpme. Pedyp miaa O AENCTBU-
TEIBHO TIYOOKOM O0O0OOIEHUH,
B KOTOPOM OOBEJUHUINCH WJICH,
CBSI3aHHBIE C TIOCTPOEHUEM <«JIAK-
COBBIX Nap» ISl UHTETPUPYEMBIX
YPABHEHU, CTAPbIE TOHKUE METO-
JIbl KBAHTOBOI TEOPHUHU, BOCXO[S-

mue eme K 1930-M rogam («aHsar bere») u HOBEI-
1IME JOCTHXKEHUS KBAHTOBOU CTATUCTUYECKON (PU3U- ®
KU (CBA3AHHBIE NIPEXIE BCETO C paboTaMu P.BaKCTe-\%
pa). OCHOBOY HOBOTO METO/]A CTAJIA KPACUBAs ANre6- Q
pa, CBA3dHHAA C IOHATUEM «KBAHTOBOU R-MaTpUIIb>.
OIMH U3 KJIIOYEBLIX NPUMEPOB KBAHTOBOW R-MaTpu-
LBl U3BJIEKAJICA U3 CTAPOU paboThl fHra, moatromy
JUIg KJIIOYEBOI'O TOXJECTBA B HOBOM Teopuu JLJ.
[IPEeANOXKNI HA3BAHUE <«TOXAECTBO fAnra—bakcre- &
pa» — MOJA 3TUM UMEHEM OHO U IIOJYYMUJIO LIHUPOKYIO
HU3BECTHOCTb. [IpOrpaMMHBIN JOKJI4]] C HAOPOCKOM g
HOBOTO MeTOo/a OblI cjienan JI.J. B KoHIle Mmasg 1978 1.
B ucropun HOBOI 06JACTH HAYKU OBIBAET KOPOT-
KU HA4YaJIbHBIA IEPUOM, KOIZIA KAXKJO€ MAJICHBKOE %
NPOJBIKEHNE NPAKTUYECKHU Y/IBAUBAET OOJIACTD HsBe-\‘
CTHOI'O. MBI IIEPEKUBAIN TOILA UMEHHO TAKOE CYACT-
JINBOE BpeMs. B pasrap 3Toi paboTsl, oceHbio 1978 1., %
B JIOMHU cocTosnach nepsasg KOH(MEPEHIUA IO KBAH-
TOBO¥ TEOPUHU COJUTOHOB. B HEN y4aCTBOBAIN U KJIAC-
CUKM TPEJBIYIIETO 3TAala Pa3BUTUA (PUUKU —
Ab.Murgan u BHIpubos, u nydmue 3KCOEPTH IO
KJIACCUYECKUM UHTEIPUPYyEMBIM cucreMam — B.E.3a-
xapoB u C.ILHOBUKOB BMeCTE CO CBOMMU YYECHUKAMH,
n monozple TeopeTukn — A.M.ITonaxkos, A.A.benasun,
A.B.3aMONIOAUUKOB. DTA KOH(PEPEHIIUA BCIIOMUHAETCS
CE€MYAC KAK MOMEHT yJUBUTEIBHOI'O €IMHCTBA HAYKU.
B TeueHue creayIomero rofa 60AbMUHCTBO IPej-
ITOJIOKEHUN, O KOTOPBIX JI.ZI. TOBOPHUJ B CBOEM JJOKJIA-
ne, ObBIIM JOKA3aHBL. B 3HAYHUTENbHOIN CTENEHH 3TO
CTAJIO PE3YJIBTATOM KOJUIEKTUBHOHU PabOTHI BCEH J1a-
6oparopuu. Knouesont Bknag 6u11 cgenan EK.Crsa-
HUHBIM, JLA TaxtapxaaoM, ILILKynrumoMm. Co3jjanue

N.[\. penaet fOKnaj Ha KOHdepeHUNUM No KBAHTOBbIM conutoHaMm (JleHUHrpag, oK-
Ta6pb 1978 1.).

®oto A.Byparosa
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KBAHTOBOTO METOJA OOPATHOM 33/ja4M IIO3BOJUIIO
6osiee TIY6OKO MOHATH U CTAPbIE PE3YIBTATHI, B TOM
YUCIE U IPOUCXOXKJCHUE 3HAMEHUTBIX «JIAKCOBBIX
[ap», YBJEKATEJbHBIA IIOUCK KOTOPBIX B Ha4ale
1970-x romoB HanmoOMHHAN OXOTy. «Kmaccuueckue
r-MaTpunbl> CKIAHUHA, BO3HUKAIOMUE KAK KBA3H-
3 KIACCUYECKUH Mpeen KBAHTOBBIX R-MaTpuly, Mo3Bo-
JIWJIM BHECTU IHOPAJLOK B 3TU BOIPOCH U JI0KA34Th
ﬁ KpacuBble OOIMUE TEOPEMBL, B KOTOPBIX TEOPU UHTE-
IPUPYEMBIX CUCTEM OOBEAUHMIIACH CO 3HAMEHUTHIM
«MmeToioM opbut» Kupmmiosa—KocCTaHTa B TEOpUU
NIpeACTaBAeHUN Irpyn JIn (3TUM CIOKETOM MBI 3AHU-
§) MAIHMCh BABOEM C AT Perimanom).
g\ OJHUM U3 BAKHEHIINUX IOOOYHBIX IIPOJYKTOB HO-
w BOI'O METOJA CTAIA TEOPUA «KBAHTOBBIX I'DYIID>. Ilep-

IVEEL,

BBIM IIPUMEP KBAHTOBOU rpynmnsl nocrpounu ILITKy-
gum 1 H.IO.Pemeruxun B Havane 1980-x rojgos, a 3a-
TeM B.I IpuH@ensa npeioxul O61y0 aKCHOMATUKY
U 1y6okoe 06061meHue 3Toro npumepa. OTKpbuITUE
KBAHTOBBIX T'PYII CTAJO0, MOXKAIYH, CAMBIM BAKHBIM
COOBITHEM B HEKOMMYTATHBHOI anrebpe nocie u3ob-
perenus B kouiie XIX B. rpymm u anre6p Jlu. B 1986 1.
JdpuH@enpa NOArOTOBUI LOKIAA O KBAHTOBBIX I'DYII-
nax g MeXxayHapOAHOIO MATEMATHYECKOIO KOH-
rpecca B bepkinu. Tak Kak JIpuH@eib B TO BpeMs OblI
«HeBbIE3AHBIM>, JLJI. IpUBE3 TEKCT €ro JOKIaja Ha
KOHI'PECC U MOIPOCUII IIPOYECTh €0 (PPAHLY3CKOTO
Mmarematuka ILKapree. DTOT AOKIA[ HEMEAIEHHO
IIPUBEJ K «KBAHTOBO-I'PYNIIOBOM PEBOJIIIOLMU» B MATE-
MaTuke. CBA3AHHBINA C HOBBIMU KOHLEILUAMH IIPO-
I'PECC 3aTPOHYI TEOPHUIO Y3JIOB, TEOMETPUIO U TOIO-
JIOTUIO MaJIOMEPHBIX MHOI'OOOPA3UIl, TECOPUIO NPEJ-
crasneHudd. B naboparopun JILJ. ApKUE PE3YIBTATHI
B 3TUX o6macTaAx noayuun H.IO.Pemeruxun. Ilapan-
nenpHO B paborax B.E.Kopenwuna, ATIM3epruna,
H.H.Boromo60osa, ®.A.CmupHoBa, B.O.Tapacosa pas-
BUBAIMUCH INTyOOKHE ACMEKTHI KBAHTOBOI'O METO/A 06-
paTHON 3a/auyu. SIBHOE BBIYUCICHUE KOPPEIALUOH-
HBIX (PYHKUIUH B paboTe CMUPHOBA NPAKTUYECKU 32-
BEPIIM/IO I[OCTPOCHUE KBAHTOBOM MOJEIMU Sine-
Gordon. K 1990 r. B 1a60paTopuu CO3/1aJ14Ch, BO3-
MOXKHO, CaMasg CHJIbHAfA B MHUpeE pabodad rpymmna mno
COBPEMEHHOU MATEMATUYECKON (PUBUKE.

W CKIIOUUTENBHO yCIEIHasg paboTa B «JByMEp-
HOI» (PU3UKE HECKOJIBKO OTO/ABHUHYJIA HA 3aJHUU
IUIaH (PUBUKY «4ETBIPEXMEPHYIO», HO U 3/1€Ch B 1980-x
roflax OBLIN IONYYEHBl APKHE PE3yNbTaThl. CTOUT
0CO060 yIOMAHYTb Pab0Ty 06 AHOMAJIUAX B KBAHTOBOI
TEOPUU 0JIg, KOTOpyIo JI.J[. Hanmucaa BMECTE C HAIUM
MOJIOJBIM TOIJA COTPYAHUKOM CaMmcoHOM IllaramBu-
au. 9ra padora JLJ. 0OCOGEHHO HPABUIACH, IIOTOMY
YTO B HEU HEOXUJAHHO KJIIOYEBYIO POJIb CHIIPAIUN AJI-
re6pandecKkre OTKPBITUA €r0 OTId, 3AMEUYATENBHOIO
anrebpaucra JK.®appeesa, 0OJJHOTO U3 OCHOBOIIO-
JIOKHUKOB T'OMOJIOTMYECKON anre6phl, CJENaHHbIE
emie B 1940-xX rogax.

KOHEYHO, POMAHTUYECKUE HAACKABl HA BAXKHYIO
pOJIb COMUTOHOB B «HACTOANEU> (DUUKE COBLIUCDH
JIIIb OTYACTH, HO IIOCJIE NEOJOINYECKOrO IIPOPHIBA,
CBA3AHHOI'O C OTKPBITUEM COJMTOHOB, OBUIM HANIEHEI

1 HACTOSIIIUE YETHIPEXMEPHBIE COTUTOHHI (B TOM UHC-
JIe 3HAMEHUTBIN MOHONOJb ‘T XoodTa—IloNaIKoBa).
B onpeseIeHHOM CMBICIE OOBIYHBIN IPOTOH U IpYTHE
6apUOHBI MOXXHO MHTEPHNPETUPOBATL KAK COMUTOHBHIL.
DTa Kpacupad upesa ObUIa NPEJTOXKEHA B Hadale
1980-x rogos O.Burrenom u notom passura [1.1.[Ipa-
KOHOBBIM U B.IO.IleTpoBbIM (yueHUKaMu [pub0Ba).

HoBble BpemeHa

[Tensax msmenuncd. Ilocine pacmnaga CCCP muHorue
BEAYIUE COTPYAHUKHU nadoparopun Pajgneesa Oka-
3aJIMCh 32 TpaHuIeit. Te, KTO OCTaICH, TAKKE IPOBO-
JUJIN B 3aTPDAHUYHBIX KOMaH/JUPOBKAX OOJBIIYIO
4aCTb rojid. JJabopaTOpHBIN CEMUHAP CTAT COOUPATD-
Cs IIPEUMYIIECTBEHHO B JIETHUE MECALIBI, KOT4A CTa-
pbl€ YYaCTHUKM IpUe3Kanu B IleTepOypr BO BpeMms
KaHUKy/1. HekoTopele HE ZOXUIKN U 10 60 — K IHCIy
3TUX PAHHUX MOTEPH, BBI3BAHHBIX CTPECCOBBIMU CHU-
Tyauuamu 1990-x rogos, ornocarcs ITonos u Uzep-
I'MH. B 1a60paTtopuu No-npexHeMy 6bI10 HEMAJIO Ta-
JIAHT/AUBBIX CTYJEHTOB, HO MHOI'M€ U3 HUX IO 3aBEpP-
HIEHUU Y4€OBbl TOXKE OKA3AIUCH 34 TpAHUIIEH. B Haua-
je 1990-x 60JbIIYIO POJIb ChIIPAd MOAAEPKKA POC-
CUMCKUX y4eHBIX (poHpoM COpOCa, HO YEM JAJIbIIE,
TeM OOJBIIE CTAHOBUIOCH MOHATHO, YTO (DYHAAMEH-
TAJIbHASA HAYKA HE BXOJUT B YUCJIO IIPUOPUTETOB HO-
BOM POCCUMCKOI BJIACTH.

1 npomuno 25 ner. Yuenuku JIJ. 3aHUMAIOT NIPO-
eccopckue kadeapsl U paboTAOT B UCCIELOBATENb-
ckux nexnrpax ®pannuuy, lsennapun, CIHIA, Benuko-
6puranuu. OJUH U3 CO3AATENECH KBAHTOBOIO METOMA
o6patHOU 3axaun CKISHUH U36paH uneHoM Kopoies-
CKOro obmectna (KcraTy, cam JI.JI. 6bu1 n30paH UHOCT-
paHHBIM WIeHOM KOpOJIeBCKOro o6mecTBa HECKONb-
KMMU I'OZIAMU TO3XKe). Pemeruxun cran yienom Jlar-
CKO¥M KOPOJIEBCKOM akajeMuu Hayk, Iaramsuimm —
W pnaHaCKON KOPOJIEBCKOM aKAJEMUU U JUPEKTOPOM
MexnyHapOgHOI'O MATEMATUYECKOTO MHCTUTYTA UME-
HU lamunerona B Jybnune. JIJ. 3TO O4eHb pajioBa-
JIO — €70 YYEHUKHU CTATU AKAJEMUKAMHU.

JIJ. BCE 3TU IOABI NPOJJO/LKAI AKTUBHO paboTaTh.
Omn ocraznca B Ilerepbypre, OTKA34ABIINUCH, B 4YaCTHOC-
TH, OT NPEMJIOKEHUSA BO3IJIABUTh IHCTUTYT TEOPETHU-
4eCKou (pusuku B yHHUBEpcUTeTe CTOHU Bpyk mocine
OTCTaBKH fHra B 1999 1. OT KONIEKTUBHOI'O CTUIA Pa-
60T1pI 1970-x 1 1980-X rog0oB OH B 3HAYUTEAbHOM CTE-
IIEHU BEPHYJICA K 60Jiee MHAUBUAYAILHOMY METOIY
CBOEH MOJIOAOCTH. B coTpyanundecTse ¢ GUHCKUM Pu-
3UKOM A.HueMU OH MHOTI'O 3aHUMAJICS KPACUBOM TE€O-
PETUKO-IIOJIEBON MOJE/IBIO, B KOTOPOI COJMTOHBI HE
MMOXOKM HA YETKO JIOKAIN30BAHHBIE YACTHUIIBL, 4 06pa-
3YIOT 34y3JIECHHBbIC KOH(UTrypanuu. X ycTOM4UBOCTD
obecneunBaeTcs 6arojaps HAJUUUIO TOIOJOTUYEC-
KOI'O MHBAPUAHTA — TAK HA3bIBAEMOI'O MHBAPUAHTA
Xonga. B aroir MoaeIn aHATUTUIECCKAE BbIYUCICHUA
HUCKIIOYUTEIbHO CJIIOXKHBI, 4 YUCJIECHHBIMU PACYETAMU
B KaKOIH-TO MOMEHT Huemu 3arpyxan Bce OOmblnne
KoMnbloTepbl PuHIAHANMN. JIAarpaHKUaH MOJENN C 3a-
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Y3JICHHBIMU COJIMTOHAMM Y/A€TCA
IIOJIYYUTD C ITOMOIIBIO HEKOTOPBIX
3aMEH IEPEMEHHBIX U3 (PYHAMEH-
TAJIBHOIO JIATPAHXKUAHA O fAH-
ra—Muiica; eCcTh HaAexaa, 4To
COJIATOHBI C HETPUBUAIbHBIM HH-
BAPUAHTOM XOII(PA COOTBETCTBYIOT
IUIIOTETUYECKUM KOJUIEKTUBHBIM
BO30OYXKICHUAM NONA SHra—Muii-
Ca B KBAHTOBOHU XPOMOJUHAMUKE.
E1mme oiuH CIOKET, CBI3aHHBIN C O-
aamu  SIHra—Muica, KOTOPBIM
JIJI. 3aHMMaJICs BIUIOTH 0 TTOCTE] -
HUX MECSALEB KU3HU, — NpobieMa
BO3HUKHOBEHUS Macchel. JIJ. Bce-
I'/1a HECKOJIBKO CKEIITUYECKU OTHO-
CWICH K CTAHAAPTHOMY B HACTOA-
mee BpeMs CIoCOOy BBEAECHUS
MaccChl B Teopuio Anra—Mmuica

C IIOMOIIBIO TAK HA3BIBAEMOI'O Me€-
XaHU3Ma XUTITCA; OH XOTEN CBA34Th
€€ ¢ IPAaBWIBHBIM CIIOCOOOM Iepe-
HOPMHPOBKH, B PE3YIBTATE KOTO-
pOI1 B TEOPUH, HE COAEPKAMEN IEPBOHAYAIBHO HUKA-
KMX PAa3MEPHBIX MAPAMETPOB, BO3HUKAET pa3MepHad
KOHCTAHT4, 3a/1a101asa Macmrad Macc. JLJ. HECKOJIbKO
a3 BO3BPAIAJICA K 3TOMY CIokKeTy. ONMCAHNIO CIIeHa-
pus IEPEHOPMUPOBKU 1OJI AAHra—Muiica mocssie-
Ha U €ro NOCHefHAs PaboTa, HANMCAHHHAA BMECTE
¢ C.0.JlepKka4eBpIM 1 MMOCAEHUM CTYAEHTOM-/JUIIJIOM-
HukoMm JI.JI. Camert UBAHOBBIM.

Jpyroi 60ab0101 UMK PA6OT (B COTPYAHUYECTBE
¢ PM.Kamaesnim, AIO.BonkoseiM, C.D.JlepKayeBbIM)
CBA34H C IVIyOOKUMH ACHEKTAMU KBAHTOBOTO METO/A
OOpaTHOM 3aJa4M — M3YUYECHUEM OECKOHEYHOMED-
HBIX PEATNU3AINN KBAHTOBBIX R-MaTpUIl 1 BBEAEHHONU
Brepsble B paborax dajgaeeBa BAXKHEHIIEH KOHICI-
UK MOJIYAAPHOIN JBOUCTBEHHOCTU /I KBAHTOBBIX
rpynn u anre6p JIu. Pa6ora JI.JI. 0 MoagynapHOM aybiie
KBAHTOBOW TPYHNIBl IPEACTABIAET COOOU TIYOOKUI
«3ajen> andg OyAYMUX UCCIENOBAHUN, CBA3AHHBIX
C HETPUBHUAIbHBIMUA HOBBIMH IJIABAMU TEOPUHU IIPEJ-
CTABJIEHUI, HEKOMMYTATUBHON I'€OMETPUEH, TEOPU-
€M CeUUANbHBIX QYHKIUNA (-AUIOTAPUQPMBIL), KBAH-
TOBOHU I'PABUTALMEN U MHOXKECTBOM JAPYI'UX CIOXKE-
TOB, U3YUYEHUE KOTOPBIX TOTbKO HAYUHAETCS.

Kak mo6ui roBOpuTs lenbdani, B MaTEMaTHUKE, KAK
B OWIbAPJE, XOPOWMUN yAAp JapOM HE IIPOINAJaeT.
[Tpu cBOEM BOZHUKHOBEHUU KBAHTOBBII METO]] 0OpAT-
HOM 33/1a4YM Ka3aJICI MHOT'MM HECKOJIbKO dKaJJeMHUYeC-
KUM U300PETEHUEM — B CHJIY TOTO, UTO €TI0 IPUMEHE-
HUS OTPAHUYUBAINACH MOJEIAMU TEOPUU MO B JIBY-
MEPHOM NPOCTPAHCTBE-BPEMEHN U KBAHTOBON CTATHU-
CTUYECKON (PU3UKU HA OJIHOMEPHBIX pemeTkax. [To-
TEHIUAJI HOBOTO METOJA CTAJ NMOHATEH JIMIIb I1OCTE-
1eHHO. B 1990-X rojjax OKa3aaoCh, 4YTO BAPUAHTHL UH-
TETPUPYEMBIX CIIMHOBBIX MOJIEIEH ONMUCHIBAIOT BBICO-
KO3HEPTETUUECKYIO ACUMIITOTUKY B YETBIPEXMEPHOMU
KBAHTOBOU XPOMOJAUHAMUKE (TO, 4YTO ONMCAHUE BBICO-
KO3HEPIeTUYECKON ACUMITOTUKUA IMPUBOJUT K (-

BbicoTa 3842 m. HOxHblit Muk y MoHbnaHa. MocnepHsas noesaka B Anbnbl (Mapt 2015 1.).
®oTo0 aBTOpa

(PEKTHUBHO JIBYMEPHBIM TEOPUAM, OBLJIO U3BECTHO J1dB-
HO — HO OK4a34JIOCh, YTO 3TU TEOPUU K TOMY XK€ UHTE-
I'PUPYEMBIE U U1 UX SIBHOI'O PEIICHUS HEMOCPEACT-
BEHHO NPUMEHUM HEMHOTO OOOOIEHHBIY KBAHTOBBIN
METOJ OOPATHOI 32/1a4n). DTO OBLI €Ile OJUH CAydal,
Korjia (pajieeBCKas MATEMATHUKA MEPECEKIACh C TEX-
HUKOW M 33/Ja4dMHU IKOJbI JIaHaay.

Eme ofHO HETPUBMAIBHOE NPUMEHEHUE KBAHTO-
BOI'O METOZIa OOPATHOM 33/]a4Yd CBSA3aHO C U3YUYCHUEM
Teoput Aura—Muuica. Korga-ro, B nepBble I'OJbl Pas-
BUTHUSA TEOPUU UHTETPUPYEMBIX CUCTEM, CYLIECTBOBA-
Jla pOMAaHTHUYECKAd HaJeXKAa, 4TO Teopud fAHra—
Mwiica TOXE OKAKETCI MHTETPUPYEMOI. DTO HEBEP-
HO, HO BAPUAHT TEOPUH, TAK HA3BIBACMASL CYIIEPCUM-
MeTpu4yHad Teopus SAnra—Mwuiica, JEUCTBUTETLHO
6IM30K K UHTEIPUPYEMOCTH WIM TOYHOH PEMaeMOC-
t. Kak HemaBHO OOHapyxwun llaramsuin (BMeCTe
¢ H.LHEKpacoBbIM), ONMUCAHUE BAKYYMHOTO CEKTOPA
B CYIIEPCUMMETPUYHONM Teopun Anra—Mwmiica (B TOM
YHCIE B YETBIPEXMEPHOM IIPOCTPAHCTBE-BPEMEHN)
HEMOCPEACTBEHHO NPUBOJUT K KBAHTOBBIM HHTEI'PU-
pyeMBIM cUCcTEMAM (YK€ M3YYEHHBIX TUIIOB). B aTOM
HOBOM MOJXOJ€ K CYNEPCUMMETPUUHBIM TEOPUAM
SlHra—Mmuica HaxXOJsT CBOE MECTO BCE OCHOBHBIC
UHIPEAUEHTHI KBAHTOBOI'O METO/IA OOPATHON 3a4a4N.
AxTuBHAg paboTa B 3TOU OOJACTU IPOAOJIKAETCS
U B HACTOSAIIEE BPEMs. DTA IOPAXKAOI A BOOOpAXKE-
HUE CBA3b MEXKAY BHECUIHE JAJICKUMU ACIIEKTAMU Ha-
y4HOTO Hacneausa Pajguneesa — MOXKET ObITh, OJJHO U3
JIYYIIMX CBUJETENBCTB €TO ITTYOUHEBL Bce MBI, €ro cTa-
pBIE€ YUYEHUKH, YYBCTBYEM CE€MYAC, YTO — IO CIOBY
PUMCKOTO 103Ta — letum non omnia finit*. C Hamun
ocraloTca namars o JILJ. u ero ujgen u pabors —
1 TEM U IDYTUM CYX/JEHA JJOATras )KU3Hb. B

* He BCe KOHYACTCsI CMEPTBIO (TosycTrmie [1poneprius, BhiCCUeH-
HOe€ Ha HaArpoouun M.bpozackoro).
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AcTtpodmusnka

Mopenb ¢ Q-wapom

B ueHtTpe Hawel FanakTukm
MHOTOYMCIIEHHBIE ACTPOHOMHUYECKHE HAOIIOJEHUA
YKa3BbIBAIOT HA TO, YTO B LIEHTPAX IAJIAKTUK HAXOJAT-
Csl CBEPXMACCUBHBIE (OT MUJIJIMOHOB 10 MUJUIAAPAOB
macc ConHIla) OOBEKTHL. TAKOM IIEHTPATBHBIN OOBEKT
XOpPOWO M3y4eH B Hamer lamakruke. MHOrosetrHue
HaOJIIOAEHUSA 32 ABUXKEHUEM 3BE3]] BOKPYI' HET'O MO3-
BOJIMJIM HAUTU MACCY OOBEKTA, COCTABIAIONYIO NIPU-
MEPHO 4 MJIH COJHEeYHBIX. HabmomaTts ero ¢ mnomo-
MbI0 ONTUYECKUX NPUOOPOB TSKEIO, TAK KAK OH
CKPBIT OOJIBIIUM KOJMYECTBOM MEK3BE3/JHOI'O I'a3a
Y ObLIX, TPO3PAYHBIX JIA U3JTYyIYCHUA JIMIIb B IBYX Y3-
KHUX CHEKTPAJIbHBIX JUANA30HAX — HH@PPAKPACHOM
U MWUIUMETPOBOM. CornacHo Haubosee paspabo-
TAHHOMY CIE€HAPHUIO, HEHTPAJbHBIE OOBEKTHI MOYTH
BCEX T'aJIAKTUK UJECHTUPUIUPYIOTCA KAK YEPHBIE JIbI-
pBl. JefiCTBUTENBLHO, TPYAHO MPEACTABUTHL CEOE JIIO-
6011 IPYyrod OO6'BEKT CTOJAb OOJBIION MACCHl U CTOJb
MaJIOro pa3Mepa, KOTOPBIXA yIEPKAJICA Obl OT KOJIIAII-
Ca B UEPHYIO ABIPY. TeM HE MeHee HAOII0AATENbHO 3TO
YTBEPKIAEHNUE HE JOKA3AHO.

IIpeamomnaraeTcs, 94To U3JIYYEHUE OT OKPECTHOCTHU
YEPHOU ABIPBI MOXKET BBITJIALECTh IPUMEPHO TAK, KAK
nokazaHo B ¢unbme K.Homana «MuaTepcrennap»
(2014) — eaAMHCTBEHHOM B UCTOPUU KUHO, I'JI€ Xy/10-
JKECTBEHHBIE OOPA3bl OCHOBAHBI HA (DU3UKO-MATEMA-
TUYECKON MOJEJH: APKOE KONbIO BOKPYI IEHTPANIb-
HOW «TE€HW» PA3MEPOM, ONPEAEAAEMBIM MACCOU UYep-
HOW JBIPBl, U AKKPEIUOHHBIN AUCK. OJHAKO TO, 4YTO
Ha CAMOM /I€JIE€ BUJHO B LIEeHTPE [ATaKTUKHU, BBIIJIAAT
MO-/IPYTOMY: PAAMOUCTOYHUK Sgr A*, 3aperucTpupo-
BAHHBIM B MMJUIMMETPOBOM /IMANIa30HE, NPEACTABIA-
€T COO0M MaJIEHBKOE, CIETKA BBITAHYTOE IATHBIIIKO,
pasmep koToporo (ot 30 mo 40 MKC AyTrWM) MEHBbIIE
OXHJAeMOro pazMmepa TeHu (52 MKC)* CymecTBYIOT
OOBSCHEHUSI TAKOH KAPTHUHBI B paMKaX MOJEIEH
C YEPHOMU JIBIPOM, HO OHHU BECbMA CJIOXKHBI, 4 IOTOMY
MHTEPECHO MOAYMATDb O IPYIUX BAPUAHTAX.

* Doeleman S, Weintroub J, Rogers A. et al. Event-horizon-scale
structure in the supermassive black hole candidate at the Galactic
Centre // Nature. 2008. V455. P78-80. D0i:10.1038 /nature07245;
Fish V., Doeleman S, Beaudoin C. et al. 1.3 mm wavelength VLBI
of Sagittarius A": detection of time-variable emission on event hori-
zon scales // Astrophys. J. Lett. 2011. V.727. Ne2. Doi:10.1088 /204 1-
8205,/727/2/L36.

Ecim 3aHATBCA MOMCKOM OTBETOB HA BOIPOC, Ka-
Kue eme (PU3nIecKkue 0ObEKTBI, HE «CXJIONBIBAIOIHUE-
Cs» B YEPHYIO JBIPY, MOIJIM Obl HAXOAUTHCS B LIEHTPAX
raJaKTHUK, TO GOJBIIMHCTBO M3 HUX OyAyT HPOTUBO-
pEYUTh TEM HJIM HMHBIM HAOJIONATENbHBIM JIaHHBIM.
Ho oaun cueHapui, OTJIMYHBINA OT YEPHOM JBIPHI,
OKa3ajCAd JONYyCTUMBIM. B cTarThe, onmyGJIMKOBAHHONU
11 HOs6pst 2016 1. B Journal of Cosmology and Astro-
particle Physics, MHE y1a/10Ch OKA34Th, YTO B LIEHTPE
HameHd [anakTuky (PaBHO KAaK U B IPYTMX) MOXKET Ha-
XOAUTBLCA HE YEPHAA JbIPa, 4 TUTAHTCKUN OOBEKT U3
TEMHOH MAaTE€PUU — TaAK HazblBaeMbld Q-map**. Ero
MOKHO MNPEACTABUTh KAK CI'YCTOK KOHJEHCATA CKa-
JIIPHOTO MOJA, IOAOOHOTO, HO HE UJEHTUYHOI'O IIO-
/10 XUTITCA: KOHJEHCAT MOCTAEAHETIO PA3JIUAT 110 BCEMY
IIPOCTPAHCTBY, 6J1arOAAPA YEMY 3JIEMEHTAPHbIE YaC-
THIbI OKA3bIBAIOTCSA MACCUBHBIMHU, 4 KOHJEHCAT HOBO-
IO NOJA CKOHLEHTPUPOBAH BHYTPH Q-mapoB (CBA-
3aHHBIE C HUM YdCTHUIBI ObUIN OBl MACCUBHBIMHU TOJIb-
KO BHYTPHU HUX). TEMHYIO MATEPUIO MOTYT COCTABIIATD
60 CKATAPHBIE YACTUILbI, CBA3AHHBIE C 3TUM IIOJIEM
(aHJIOIH XUITCOBCKOTO 6030HA), TUOO TAKHE XK€ 1O
YCTPOMCTBY, HO MUKPOCKONIMYeCKUue Q-mapsul. B aTtom
cllygae OOBIYHOE BEMECTBO U U3TY4YEHHUE MOIYT CBO-
60JHO IPOHUKATb BHYTPb Q-IIapa, U TAM K€ BIIOJIHE
MOJKET HAXOAUTHCSA BUAUMBIA PASUOUCTOYHUK.

IToMHUMO BOIIPOCA O pa3MEPE MCTOYHHUKA PaJHO-
MU3JIy4EHUSA MOJIE/Ib C Q-IaPOM IIOMOTAET PA3PEMUTH
€IIl€ HECKOJILKO TPYAHOCTEN, CBA3AHHBIX C ONUCAHU-
€M IPOUCXOXKIEHUA LIEHTPATBHOIO CBEPXMACCUBHO-
ro OOBEKTA M €ro HBIHEIMIHUM noBepeHuem. ITpose-
PUTb €€ MOXKHO B CJIydde, €CJIM JAJIbHUI KOCMOC OY-
YT 30HAMPOBATDH TEJECKONbI C JYYIIMM, YEM CErO-
JHs, YIJIOBBIM pa3pelieHueM. Yepe3 HECKOJIbKO JIET
yIy4IIEHHbIE MMOKazaTenu paspemeHusa (50 yrioBbIxX
CEKYH/l B JMAMETPE) JOJUKHA IPOJEMOHCTPUPOBATH
rno6aJbHasA CUCTEMA TENECKOIOB AMEPUKAHCKOTO
Hay4HO-uccaenoBareabckoro npoexra EHT (Event
Horizon Telescope — Teneckom Tropu3oHTa COOBI-
TUA). OHAKO €CTh ONIACEHUA, OCHOBAHHBIEC HA JAH-
HBIX HAa3€EMHO-KOCMHUYECKOTO PagUOUHTEPPEPOMET-
pa «PaguoacTpon», pazpaboTaHHOI0 ACTPOKOCMUYE-
CKMM ILeHTPOM PHU3NYECKOTrO HMHCTUTYTA HMEHHU
I[1.H.Jle6enea PAH COBMECTHO C Yy4EHBIMH JPYIUX
CTPaH, 4YTO M3-34 PACCEAHUA U3IYIECHUA B MEK3BE3/-
HOU cpejie TpebyemMas Y4eTKOCTb U300paxeHus He Oy-
JE€T JocTUrnyra. IIpn pekopfiHOM Ha CETOJHSA YIJIO-

** Troitsky S. Supermassive dark-matter Q-balls in galactic centers? //
JCAP. 2016.V.11. Doi:10.1088/1475-7516/2016/11/027.
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BOM pa3peuieHuU HHTEepPPEpOMETPa LEHTPAIbHBIE
obsacTy OMU3KUX TaJAKTHUK HENPO3PAUYHBI JIJIA €0
paguoBosH. OKOHYATENBHBIM OTBET HA BOIPOC, YTO
HAXOJUTCA B LICHTPE [AMAKTUKU — YepHas AbIPa UIN
Q-map U3 TEMHON MAaTEPUH, CMOXKET AATh OTEYECT-
BEHHBIX KOCMUYECKHUN NHCTPYMEHT «MUIIUMETPOH>,
KOTOPBIA 6yzerT pa6oTaTh Ha 00Jiee KOPOTKUX BOJI-
HaX. Ero 3amyck, K COXaJIEHUIO, OTJIOXKEH, 110 Kpaii-
Helt Mepe a0 2025 r. Ho nocne pa3BepTeBaHUSA 06-
CEPBATOPUU B KOCMOCE MOXKHO OYAET pPa3riIiafcThb
LIEHTPANbHBIE OOBEKTHI HE TOJABKO HAIIEH, HO U pAJd
JPYTUX T'aTAKTHK.
PaGoTa BHIIOJIHEHA NIPH NMOJAEP:KKe Poccuiickoro HayaHoro ¢ponja
(upoekr 14-22-00161).
© C.B.TpoHU KU,
ujeH-KoppecnonaeHT PAH
WHCTUTYT AAEPHBIX UCCaegoBaHuil PAH
MockBa

HanorexHonorum m HaQHOMaTepuanbl

Heo6biuHOE OKMCIIEHNE HOHOYACTHL,
KpemHua B armochdepe kucnopoaa
OKHCJIIEHUE NAACTUH KPEMHHUSA — OJWH M3 OCHOB-
HBIX IPOIECCOB B MPOU3BOJICTBE HMHTETIPAJIbHBIX
cxeM. [Tpu OKCUAUPOBAHUHU B ATMOC(HEPE KUCIOPO-
ga, Harperoro go 1100-1500 K, Ha NOBEPXHOCTH
IJIACTUHB O00pPa3yeTcd IUIOTHBIM HU3O0JMPYIOMUNA
cnont SiO; TONMUHONA ~1 HM. DTOT NPOIECC XOPOIO
n3ydyeH. OJTHAKO MUHHMATIOPU3ALUA YCTPOMCTB, BbI-
mejamas Ha pybex 10 HM, CTaBUT BOIPOC 0O OCO-
OEHHOCTAX OKHCJEHUS 4YaCTHUI] KDEMHHUS HAHOMET-
pOBOTO pa3mMepa, BAXKHBIN A MHOTOYHUCIEHHBIX
3NEKTPOHHBIX MNPUTOKEHUIN, (POTOKATAIU3ATOPOB
HOBOTI'O MOKOJEHUA U OUOMEJUIIMHCKUX HAHOCEH-
COPOB BBICOKOH YyBCTBUTENBHOCTH. TO, 4TO OKHUCIIE-
HME HAHOKPEMHMS HMEET CBOM OCOOGEHHOCTH,
HE BBI3BIBAET COMHEHMUU. Ha 3TO, B 4aCTHOCTH, yKa-
3BIBAET BBICOKAS XMMHUYECKAS AKTUBHOCTb HAHOMaA-
TEPHUATOB — PEAKIIUU B HUX UJYT HAMHOTO OBICTpEE
U HEPEJKO KAYECTBEHHO OTIHUYAIOTCA OT PEAKIIUN
B KpPUCTALJIAX. DTU OCOOEHHOCTH BBI3BAHBI MaJIBIM
pa3MepoM 4YaCTHIl, U3-32 KOTOPOTO 3HAYUTEIbHAI
4aCTb ATOMOB (OKOI0 50% npu fuaMeTpe 2 HM) pac-
IIOJIOKEHA HA NHOBEPXHOCTU. Y «IIOBEPXHOCTHBIX»

a 6

ATOMOB M4JIO COCEMEH, TO3ITOMY YAdCTh UX JIEKTPOH-
HBIX OpOUTANIEH — CBOOOJHBIE, T.€. HE YYACTBYIOIUE
B XMMHYECKOU CBA3U. YTOOB YCHINTD MEXATOMHYIO
CBA3b U NMOHU3UTDb IHEPIUIO, YACTHUIBI, IEPECTPAU-
BAACh, YMEHBIIAIOT YHCIO CBOOOAHBIX OpPOUTANIEH.
Kak cnexpcrBue, MaJble YaCTHUIBI (HAHOKJIACTEPHI)
OOBIYHO TEPAIOT KPUCTAJUVIMYECKYIO CTPYKTYPY, IpHU-
obperast yHUKAJIbHOE /IS KaXKJAO0TO pa3zMepa U XUMU-
YECKOT'O COCTAaBa CTPOEHHUE.

CTPYKTYypy HAHOYACTHUI, OYEHb TPYAHO YCTAHO-
BUTb 9KCIIEPUMEHTAJIBHO. B 3TOU CHUTyauuu HA Iep-
BO€ MECTO BBIXOJAT KBAHTOBO-MEXAHUYECKUE pacyde-
TBI «M3 MEPBBIX MPUHITUIIOB» (ab initio)* B KOTOPHIX
omnpejensiercs KoHpUurypanus (pacroaokeHue) aTo-
MOB, COOTBETCTBYIOI A HAUMEHDIIEN dHEPTUN KIAC-
Tepa. B IpoCTpaHCTBE BCEX BO3ZMOKHBIX KOH(PUIYPaA-
LU SHEPTUA UMEET CIOXKHBIN penbed ¢ OTPOMHBIM
YHCIOM JTOKANbHBIX MUHUMYMOB. OTO CHJIBHO YCIIOXK-
HSET IMOUCK a6COMIOTHOTO MUHHUMYMA, OTBEYAIOIETO
PaBHOBECHOM CTPYKType Kiaacrepa. DPPEKTUBHBIM
METONOM IIOMCKA OKa3aJCs AJITOPUTM, UMUTUPYIO-
MU IPOoIecCc 6MOIOTUUECKON 3BOMIOLINHU. B HEM U3
IIEPBOHAYAJIBLHOIO HA0Opa CTPYKTYP BBIOUPAIOTCA
gydmue (C HAUMEHBIIEH 3HEPTUEHN), KOTOPHIE CKpe-
MIUBAIOTCS MEXKAY COOOU, UX TOTOMCTBO CHOBA OTOU-
paeTcsa M CKPENUBAETCA U T.J., IIOKA HE IMOABUTCH
CTPYKTYypa, OCTAION[AACH JY4YIIEH B HECKOJBKUX IIO-
KOJEeHUAX. HO fake NpU MCIOJIb30BAHUH 3TOT'O AJITO-
puUTMa 1A OINPENENEHUS PABHOBECHOI CTPYKTYPBI
OJJHOTO KJIACTEPa HEOOXOJUMO BBIYUCIUTD <«U3 IIEP-
BBIX IIPUHIUIIOB> 3HEPTUIO U CHJIBL, JEUCTBYIOMUE HA
ATOMBI, B HECKOJIBKUX THICAYAX ATOMHBIX KOH(MUIYpa-
IUA. ODTOT TPYAOEMKUM, HO TOYHBIN NOAXOJ OBLI
IIPpUMEHEH HccaegoBarenaMu PU3N4eCcKOro MHCTHU-
Tyra umenu IL.H.Jle6enesa PAH, CKOJTKOBCKOIO HMH-
CTUTYTA HAYKH U TEXHOJOTUA U MOCKOBCKOTO (PU3U-
KO-TEXHHUYECKOTO HMHCTUTYTA (TOCYAAPCTBEHHOIO
YHUBEPCUTETA) JII1 U3YUEHUA OKMCJIEHNUA HAHOKIIAC-
TEPOB KPEMHUA™ .

* Ab initio (OTJIaT. HaYaIa) — PELICHKE 33/149H U3 [IEPBBIX OCHOBO-
MOJTATAIONIMX HPUHIIUIOB 6€3 MPHUBIEYEHUS JIOTTOTHUTEIbHBIX
AMITHPUYECKUX MTPEATIONOKEHNIN. — [Ipumen. peo.

** Lepeshkin S, Baturin V., Tikhonov E. et al. Super-oxidation of si-
licon nanoclusters: magnetism and reactive oxygen species at the
surface // Nanoscale. 2016. V.8. P.18616-18620.

CtpykTypa knactepoB Si;0,: Si; (a), Si;04 (6), cTexuomeTpuyecknit knactep Si;014., (8), «cBepxokucneHHbIn» knactep Si;0y (2).
PacnpepeneHue cnnHOB NOKa3aHO LBETOM, CTPeNKaMU 0603HaueHbl MAarHUTHbIE MOMEHTbI.
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B xone paboThl OBUTM PACCYUTAHBI PABHOBCCHAS
CTPYKTYpPa, TEPMOJAUHAMUYECKHUE, MATHUTHBIE U IIPO-
yue cBorcTBa 90 knactepos 51,0, cn<10um<2n+9.
Ha aTo# ocHoBe noctpoeHa ¢dazosas P-T-auarpam-
Ma, TMOKa3bIBAIOM A 3dBUCUMOCTb CTEIEHU OKHCJIE-
HUA KPEMHHUEBBIX KIACTEPOB OT AaBaenus (P) u TeM-
nepartypsl (7) raza O, CoriacHo pacyeram, pPoIecc
UIET CJAEAYIONUM OOpa3zoM. B Havase OKUCIEHUA
ATOMBI KHCJIOPO/Ia PA3MENAIOTCA BHYTPU KJIACTEPA,
06pas3yst Kpenkue MOCTUKOBLIE Si-O-Si-cBsa3u. lanee,
KOT/Ia BCE MOCTHUKOBBIC IMO3UIMMU 3AHATHI, ATOMBI O
pacmoyaraioTcsa Ha NOBEPXHOCTH KIACTEPA, IPUYEM
MHOI'006pa3nue MOBEPXHOCTHBIX CTPYKTYP CBOJAUTCS
K JIECATH XAPAKTEPHBIM r'pynnam aroMos Si u O. Ha
MIOBEPXHOCTH CII€IJIEHUE aTOMOB O ¢ KI1acTepoMm 60-
nee cnaboe, yueM B Si-O-Si-cBasax. B knacrepax 51,0,
c m < 2n (pyuc.6) OHO UMEET IHEPTUI0 ~3 3B/aTom.
Oco60i CcTAOUIBHOCTBIO OTIMYAIOTCH CTEXMOMETPH-
yeckue knactepsl (SiO,), (puc.g). Cornacuo P-T-ama-
rpaMMe, OHU ITOJTHOCTBIO IOMUHUPYIOT Ipu 7> 1000 K,
uyro Ha 100 K nmxe teMmmneparypbl (pOPpMUPOBAHUA
IUIOTHOTO €104 SiO, HA TOBEPXHOCTHU IUIACTUH KPEM-
HuA. Bece «CBepXOKUCIEHHbIE» KnacTepsl 51,0, ¢ m > 2n
JIIOMHUHECIIEHTHO AKTUBHBI M O6JIAZAI0T MATHUTHBIMHA
cBOMiCTBAMU (purc.2). OHU XAPAKTEPUIYIOTCA MAIOU
3HEPIUEN CBA3U IOBEPXHOCTHBIX aATOMOB O (BCErO
0.1-0.7 3B/aTom) U IPUCYTCTBUEM I'DYII ATOMOB, AB-
JAIOMNXCA  aHAJOTAMH IIEPOKCHIA, CYHEPOKCHUAA
U O30HN/IA, — AKTUBHBIX (DOPM KHUCJIOPOAA C TOTEHIIU-
AJIBHO OIACHBIMHU KAHIIEPOTE€HHBIMUA CBOUCTBAMU.

HeoxXnpgaHHBINA PE3yabTaT UCCAECTOBAHUM, MOJY-
YEHHBIH PACYETHBIM MYTEM U MOATBEPKACHHBIIN 3a-
TEM AHAIUTHUYECKHUMU OIICHKAMU, COCTOUT B TOM,
41O npu Temneparypax 100-700 K u HOpMasIbHOM
JABJIEHUU B TEPMOJAMHAMUYECKUX AHCAMOJIAX IIpe-
061a1a10T HE KJIACTEPBl CTEXHUOMETPUUYECKOTO CO-
craBa (SiO,),, a «CBEPXOKUCIAEHHBIE> KnacTepsl Si,0,,
cm > 2n. DTOT (PAKT 3aCTABJIAET 1IO-HOBOMY B3IJIs-
HyTb Ha BO3/CHCTBUE YACTUI] JUOKCHUJA KPEMHUSI
Ha OPraHU3M 4YeJOBEKd. M3BECTHO, YTO AKTHUBHBIE
KHCJIOPOJHBIE TPYINBl MOTI'YT B3aUMOJEUCTBOBATH
¢ 6uomosnekynamu (nporernHamu, PHK u JTHK), BbI-
3bIBAsl OKCUJATUBHBIN CTPECC U NMOBPEXIEHUE K€~
TOK. UX IPUCYTCTBUE HA IOBEPXHOCTHU «CBEPXOKHUC-
JIEHHBIX» KPEMHHUEBBIX YACTHUI[ NIPHU HOPMAJIbHBIX
YCJIOBUAX — BA’KHOE 3BEHO B IOHHUMAHUU NPUYUH
BO3HUKHOBEHUS CUJINKO3a M PAKA JIETKUX NOJ JEH-
CTBUEM KBAPIIEBBIX HAHOYACTUI] U TOHKOU KPEMHE-
3€MHOM IIBIIN.

© FO.A.YCIIEHCKHH,

JAOKTOP (I)I/IBI/IKO-MQTCMZ[TI/I‘JﬁcKI/IX HayK
C.B.JlenemkuH, B.C.barypuHs,
KaHJUJaTBl (GU3UKO-MATEMATHUYECKUX HAYK
dusznvyeckuit nuctutyT umenu I1.H.Jle6enesa PAH
A.P.Orauos,

JIOKTOP (PU3UKO-MATEMATHUYECKUX HAYK
CKOJIKOBCKMH MHCTUTYT HAYKH M TEXHOJIOTUI,
MOCKOBCKUI (PUBUKO-TCXHUYCCKUN UHCTUTYT
(rocyapCTBEHHBIA YHUBEPCUTET)

MockBa

Maneomaruuronorusa

Ha cesepe Cubupm oTkpbiTa HOBAS
KPYNHAqS MArmartvyeckas NnpoBUHUKNA
Kpynuple KOHTHHEHTAJbHBIE MATMATHYECKHE IIPO-
BUHIIMH, IIPE/ICTABIAIONINE COOOU OTPOMHBIE I10 IJIO-
majgu U1 0O6bEMAM BBIXO/bI MATMATUYECKUX MTOPOJ, HA
MIOBEPXHOCTb 3EMJIH, JABHO CTAIN OOBEKTOM IPU-
CTAJIbHOI'O BHUMAHHUSA T'€OJOIOB PA3HBIX CIELNUAIBHO-
crert. TAKMX NPOBUHIIUI HA HAIIEH NaaHeTe OOHapy-
JKEHO OKOJIO CT4, OAHAKO /I JNETAJIbHOIO M3ydeHUs
JOCTYIIHBI JIUIIb 1BA-TPU IeCATKA. 11 BCE OHU paCIIoo-
JKEHBl HAa KOHTHUHEHTAX, B TOM YUCJE YHHUKAJIbHAA
U KpynHenmas B Mupe — CUOUPCKUE TPaIIbl, 06pa3o-
BABINASCA 252 MJIH JI€T Ha3a/. [TIOBBIIIEHHBIN HHTEPEC
K MarMaTU4Y€CKUM IPOBUHIIUAM HE CJYy4d€H: TAIIBI I'e-
OJIOTUYECKOT'O BDEMEHH, B XOJI€ KOTOPBIX MMPOUCXO/A-
JIO UX (POPMHUPOBAHHUE, CUUTAIOTCA IIEPETOMHBLIMHU
B UCTOPUU 3EMJIM U CBA3AHBI C IVIOOAJTBHBIMHU OHO-
c(ePHBIMUA KPU3UCAMH — MACCOBBIMH BBIMUPAHUAMH,
UI'PABIIUMHU KJIIOYEBYIO POJIb B 3BOJIOLMUHU JKM3HU Ha
IIaHeTe. B mocnegnue AeCATUIETHA YIE€HBIE TOKA3a-
JIM, 4TO OOPA30BAHME KPYIIHBIX MAarMaTUYECKUX IIPO-
BUHIIUI B PE3YJIBTATE MOIHBIX BYJIKAHUYECKUX U3BEP-
JKEHUN M BHEAPEHUS MarMbl B BEPXHUE T'OPU3OHTHI
3€MHOM KOPBI (MHTPY3UBHBIM MAarMaTHU3M) MPOUCXO-
JUT B F€OJIOTMYECKOM MACIITA0€ BDEMEHM IIPAKTHUYEC-

O6HaxeHue paiiku poneputoB KyoHamckoit marmatuyecko
nposuHuMK, p.Lxorgxo. 2007 .
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KM MI'HOBEHHO, CyII€CTBEHHO ObIC-
Tpee, yeM 3a 1 muH siet. Ho Bee eme
OCTA€TCA OTKPBITBIM BOIPOC, Ka-
KHE IPOIECCH B INIyOUHAX 3€eMIU
IIPUBOJAT K UX (POPMUPOBAHHUIO.
CerogHsa MBI XOPOIIO 3HAEM
I'€0JIOTUYECKOE CTPOECHME MTOBEPX-
HOCTH HAIlEX IUIAHETHI, IO3TOMY
MHOTHUE CYUTAIOT, YTO BPEMA OT-
KPBITUI B 3TON OOJIACTH IPOILIO.
OJHAKO KOJIJIEKTUBY UCCIEJOBATE-
JeH, OObEAUHUBIIEMY YYEHBIX H3
Poccun, Isenuu, CIIIA u Kanazsr,
HEJAaBHO YAaJIOCh OOHAPYXHUTD
B IpejienaXx POCCMUCKON APKTUKHU
HOBYIO KPYIIHYIO MarmMaTH4€CKYIO
IIPOBUHIMIO, HA3BAHHYIO KyoHnam-
CKOHW — II0O UIMEHHU PEKU HA CEBEpPE
Bocrounoit Cubupu*.
Hccnegosanuss ObUIM HA4YaATHI
B 2000 r, xorga moj pyKOBOACT-
BOM HAy4HOI'O COTpyaHHUKA [eo-
JIOTUYECKOro wuHcTturyra PAH
I1.10.ITeTpoBa MBI, OYAYYHU CTYAEH-
TaMU, M3y4aau Ha cesepe Kpac-
HOAPCKOr'o Kpas, B 6acceitHax pek Jxormxo u Ko-
TYHKaH, UHTPY3UBHBIE TE€IAd — JOJEPUTOBBIE JANKH
u cruibl. OTOO6PAB HA TEPPUTOPUHU MONEPEYHUKOM
6onee 200 KM 3HAYUTENBHOE KOJTUYECTBO OOPA3IIOB
TOPHBIX NOPOJA W HU3MEPUB UX HAMATHUYEHHOCTD
B nmaboparopuu MHcTUTYTa DU3UKU 3EMIU UMEHU
O.1I0.IImupra PAH, Mbl OOGHAPYKUIN, YTO OHU 0Opa-
30BAJIMCbh B T'€OJOIMYECKOM MaclTabe BPEMEHU
NIPAKTUYECKH OJHOBPEMEHHO. YTOOBI M3YYMTbH KaK
MOXKHO 6OJIbIIE MAIMATHYECKUX TEJ, IPUIIOCH HE-
OJIHOKPATHO BO3BPAmMAThCA B 3T MecTa. [Tosxe
K HAIIMM HCCAEJOBAHUAM IOJKIIOUMUIMCh 3APYOEK-
HblE€ KOJUIETU. B pe3ynbraTe MHOI'OJETHEH COBMECT-
HOHU paboTHl, B XOJ€ KOTOPOU MCIOJb30BAIUCH CO-
BPEMEHHBIE METOABI MATEOMATHUTONOTHUH, U3OTOII-
HOU I€OXPOHOJIOTUH U I'€OXUMHH, YAAIOCh YCTAHO-
BUTD, YTO YIEJAEBIINE OT 3PO3UM MHTPY3UBHBIE /1A~
KW A CUJIIBI — 3TO OCTATKH, CBOEIO POZAA «KOPHU»,
KPYIIHON HM3BEPKEHHON MArMaTHUYECKON IPOBUH-
IIUH, BO3PACT KOTOPOU cocTasiager 1501+3 MiIH J€eT.
Owna 3aHuMaer 6osee 100 THIC. KM’ U HO ILIOIIATN
cpasHuMa ¢ ITopryranuen. ITonropa MuwuIMapaa jaeT
Ha3aJ, Cpa3y HOCJE KATACTPOMPUUECKU OBICTPOrO
¢dopmMupoBaHus, 3Ta 006JaCTh OBUIA TPEACTABICHA
MOIIHBIMH MOTOKAMU 6a3aJBTOBBIX JIAB U TY(POB —
NIPOJYKTAMH MHTEHCUBHBIX BYJIKAHHYECKUX M3BEP-

* Evans D, Veselovsky R, Petrov P. et al. Paleomagnetism of mesopro-
terozoic margins of the Anabar Shield: A hypothesized billion-year
partnership of Siberia and northern Laurentia // Precambrian
Research. 20106. V.281. P639-655; Ernst R, Okrugin A, Veselovskiy R.
et al. The 1501 Ma Kuonamka large igneous province of northern
Siberia: U-Pb geochronology, geochemistry, and links with coeval
magmatism on other crustal blocks // Russian Geology and Geo-
physics. 2016. V.57. P653—671.
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O6HaxeHue cunna poneputoB KyoHaMcKon marmatuyeckoit npoBuHLMM Ha p.KoTyii-
KaH. ManeomarHutHblit oTpsag WHctutyta dusmkn 3emnu PAH (cnesa Hanmpaso):
P.B.Becenosckuit, B.N.Masepman, A.B.lWaunnno. 2007 r.

JKEHUH, apEHONU KOTOPBIX OKA3a/71aCh BCSA TEPPUTOPUS
apKThU4YeCcKord yactu CUOUPU — OT mOC.XaTaHra Ha
3anaje 10 noc. Tukcu Ha BOCTOKE. OJTHAKO Pa3pyLIU-
TEAbHAA AEATENbHOCTD JEJHUKOB, BOJAbI M BETPA HE
OCTABMJIA U CJIEAA OT 3TUX 3(PQPY3UBHBIX IOPOJ, U MbI
HaO6JII01AEM M U3YYAEM TOJIBKO MOPO/Ibl, KOTOPHIE OBI-
1M1 OOPa30BAHbBI B PE3Y/ILTATE 3ACTHIBAHUA MATMBbl Ha
IJIyOUHE HECKOJIbKUX KMJIOMETPOB.

B HameM uccneoBaHUN UHTEPECEH €€ OJUH AC-
NeKT. [TOCKONMbKY NAJIEOMATHUTHBIN METO/I TO3BOJIAET
BOCCTAHABAMBATL IOJOKEHNE KOHTHHEHTOB B IPO-
IIJIOM, MBIl IOCTPOMJIM MAJECOTECKTOHUYECKHE PEKOH-
crpyknuu Cubupu M Jpyrux ApPEBHUX MIaTGOPM —
KaKMMHU OHU Obl1M 1.5 Mapa neT Ha3aja. Kak BeISICHU-
J10Ch, TOTa CUOUPH PACIIONATANIACh PSAOM C IPEBHU-
Mu KpaToHamu Can-®pannucko u Konro. Ilepsolit n3
HUX CENYAC CIAraeT «aapo» IOKHOM AMEPUKH, 4 BTO-
pO¥ BXOJIUT B COCTAB AQpuKkaHCcKou rratdopmel. Ca-
MO€ y/JIMBUTENBHOE, YTO HA 3TUX KPATOHAX OOHApPY-
JKEHBI XOPOIIO M3BECTHBIE HAM IO 3IKCHIEJUIIUAM
B KpacHOAPCKUI Kpayl MHTPY3UBHBIC Teja, IPUYEM
TOT'O K€ BO3pacTa. TAKUM 06Pa30M, MBI HE TOJIBKO OT-
KpbliM KyOHaMCKYIO MAarmMaTH4Y€CKYIO NPOBUHIIHIO,
HO U OKA34JIM, YTO OHA — JIMIIb Y4CTh 3HAYUTEIbHO
0oJiee KPYIHOI IPOBUHIIMH, NMOINEPEYHBIN pa3zMep
KOTOPOIl B INPOLUUIOM MOI JOCTUIATb 2—3 TBIC. KM.
B macroamee BpeMa OHA NPAKTHYECKU MOTHOCTBIO
YHHUUYTOXKEHA 3PO3UEN M PaA3JEIE€HA HA 4aCTH COBpE-
MEHHBIMH OKEAHAMH.

© P.B.BeceJOBCKHI,

KaHAHUAAT I'COJIOTIO-MHUHCPATOINYCCKUX HAYK
MOCKOBCKU I FOCyﬂapCTBCHHBIﬂ YHUBCPCUTET UMCHU
M.B.JlomoHOCOB2a

HWucruryr ¢dusuku 3eman umenn O.J0.1Imuara PAH
MockBa
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M.C.ApXaHTENbCKUMN,
Kanouoam ZEOJZOZO-MUHepaJZOZMHeCKMX HAYK

2UAU FIBoOAKOUUSA, Kkomopou He bbIAD

Quodcumque retro est.
(Bce, umo npowno, — npouinoe.)
Topaunit

Capamosckuti 2ocyoapcmeennvlii ynugepcumem umenu HI.9eproiuie6cko2o

Capamos
A.E.Henuxos
Mocxea

CTOPHUA HE 3HAET COCAATATENbHOIO HAKIOHEHHUA.
Y10 CIIy4nI0Ch — TO CIYYUIOCh. HU4ero Henb3s
nepefeaTb. OTa UCTUHA 6aHaIbHA, 6ECCIIOPHA,

HO HUYYTb HE MEIIAET CTPOUTH MPOTHO3BI O TOM, KaK

MorJ1a 6b U3BMEHUTBCS HAIIA )KU3Hb U JJAXKE BCEMUP-

Has UCTOPUS, ECIHU OBl YTO-TO MOLLIO TO-JPYTOMY.

Ha Temy «4T0 6BLIO Obl, €CIM Obl> U3[JAHO MHOT'O
KHUT, IPUAYMAHO HEMAJIO 3AHUMATENbHBIX TUIIOTES.
Hasepnoe, camblil ApKuil npuMep — pacckas P. bpaa-
6epu «M rpsaHyI TPOM» O MYTEMECTBEHHUKAX B IPO-
nuioe. Bo BpeMs OXOThl HA JUHO3dBPA OLUH TYPUCT
CIYYAMHO Pa3/laBUI ME3030UCKYIO 6a00uKy. HU4uTOX-
HOE JICUCTBHUE MOBJICKJIO 32 COOOM TJIOOAJBHBIEC MO-
CJIEACTBUA, KAK MAJIEHbKUN KAMEHDb, MOPOXKAAIOIMMNN
JMaBUHY. B OyaymeM NpPOU3OMIIN NPUHIUIHUAIbHBIE
IepeMEHbl. biaarogaps 3ToMy pacCKasy B KYJIbType
1 B HAYKE MOSABUIICSA TEPMUH «3(PPEKT 6A60UKM».

[IpO aIbTEPHATUBHBIE IYTH UCTOPUU PACCYRKIAT
1 COBETCKMHU (PAHTACT, U3BECTHBIM NAJICOHTOJOT
N.AEdppemos. B 70-x rojgax XX B. OH HA4YaJ1 IHACATD
(HO He ycmen 3aKOHYMTH) IMOBECTb «PeTBU3AH> —
O TOM, KaK Pa3BUBAIaCh Obl UCTOPHUS, ECIU OB OBUIO
BO3MOXHO U3MEHUTDb CAMYIO MAJOCTb: HE IIO3BOJIUTD
KaIUTaHY PYCCKOTO KOPAOJIS MONYYUTh KOHTY3HUIO BO
BpeMA PyCCKO-AITOHCKON BOMHBIL.

B JKenrom mope 6poHeHOcel «PeTBru3aH» men Ha
TapaH ANOHCKON (uormanu. KanuraH XOTesl OTBICYb
NIPOTUBHHUKA, YTOOBl PYCCKUE KOPAOIU BBIILIU U3 OK-
pyxenus B [TopT-ApType, HO BO BpeMs O0OCTpeENa ObLI
paHeH. YhpasiaeHue B3si1 Ha cebs apyroi oduiep,
IIEPBBIM JI€JIOM OTMEHMBIINK IIPUKA3 O TapaHe. «Per-
BU3aH» BEPHYJICA B [TOpT-APTYpP, KOTOPBII BCKOPE ObLI
CIAH SAMNOHLIAM. A IaJIbII€ — LEINOYKA [IEYAIBHBIX I10-
CJIEACTBUN: OPAXKEHUE B BOMHE, PA304aPOBAHUE HA-
poza B camopepxkasuu, pesoaonun 1905 u 1917 rr,,
IpaxgaHckas BOMHA, pACIIa] UMIIEPUH, ITEPEJIEN BIUA-
HUA HA BCEU MUIaHeTe. M Bce 3TO CAENCTBUSA, IO MHE-
HUIO EppeMoBa, OCKOJIKA MUHBL, YIOJUBIIEH B I'OJOBY
KanuraHy. Ecau OBl yal0Ch U3MEHUTH TPACKTOPUIO
OCKOJIKA BCEI'O HA TPU-YETBIPE CAHTUMETPA, BCSA UCTO-
pUs 4ENIOBEUECTBA CJIIOXKUIACL Obl MHAUe. BO3MOXKHO,

© Apxanrenbckusi M.C., Heauxos A.E., 2017

ecinn 6b1 EPpeMoB ycren 3aKOHYUTb IIOBECTh, MBI OB
TrOBOPUIN HE NPO «dPPeKT 6a60UKn», 2 TPO «dPPeKT
“PeTBH3aHA">.

3aueM BOOOIIE HYKHA aJIBTEPHATUBHASA UCTOPUA?
Ha 3TOT BOIIPOC €CTb MHOTO OTBETOB PAa3HON CTEIE-
HU ocTpoyMus. CaMblil OOIUNA MOMKET OBITh TAKUM:
AJIbTEPHATUBHBIE BAPDUAHTHI PA3BUTUSA COOBITUI HYX-
HBIL, YTOOBI JTYYLIE TOHATh IPUYUHBL U CJIEJCTBUSL UC-
TOpUHU. ¥ KOHEUHO, I TOI'O, YTOOBI OBLIIO UHTEPEC-
HEE €€ U3y4aTh. AJIBTEPHATUBHAS UCTOPUA IPUMEHU-
Ma K MI00bIM (peHOMeHaM. Bejb BCe, JOCTYIHOE HAM
B OIIBITE, PA3BUBAETCA BO BpeMeHU. OpraHudecKum
MHUP 3EMJIM — HE UCKIIOYEHHUE.

B 1981 r. Beimia kHura Jl.Jlukcona «Ilocue geno-
BEKA: 300JI0TUA HYIYIIEr0>*, B KOTOPOI aBTOP MOIBI-
TAJICS U300PA3UTh KUBOTHBIX JIAJIEKOIO OYJVIIETO.
Jra TEMA OKA3AJIACh HOBOWM, UHTEPECHOU U IJIOJO-
TBOPHOU, U B 1988 TI. BBIIILIIA CAEAYIONAA €TI0 KHUT'd —
«HoBpie JUHO3ABPB»™ — O TOM, KaK MOIJIM PA3BU-
BATHCS JUHO3ABPHI, €CJIN OBl HE BBIMEPJIN B KOHIIE ME-
JIOBOTO TepHoja. B urposom ¢opmare KHUra moka-
3bIBA71d BAKHBIE TEHJCHLIUU Pa3BUTUI O6UOChEPHI,
HATJIAHO JEMOHCTPUPOBAIA JEHCTBUE 3AKOHOB 3BO-
monuun. ITosxe JUKCOH pa3BUI 3TY TEMY U HATIUCAT
6ecrcemnep «Jukuit Mup 6yaymero»***, mo KOTopomy
OBbUI CHAT MHOI'OCEPUIHBIN (PUIIbM.

C Tex nop NpouUIo HE CAUIIKOM MHOI'O BPEMEHH,
HO NaJICOHTOIOTHS YK€ OUEHB CYHIECTBEHHO YBEIUYU-
12 06beM MH(POPMALIMK O PA3HBIX I'PYIINAX BBIMED-
MIUX KUBOTHBIX ¥ PACTEHUN. Y[aJTOCh INIy6:Ke TTOHATD
3BOJIIOLIMOHHBIE TPEHABI PA3HBIX T'PYIII OPTAHU3MOB,
IIPOCIIEAUTD I'€HEPAIbHBIC TUHUU B UX PA3BUTHU.

VHTEpEeCHBIC HOBBIE IAHHBIEC OBUIN MTOJTYYEHBI U IS
MIO3BOHOYHBIX JKUBOTHBIX, OOUTABIINX HA TEPPUTOPUU

* Dixon D. After man. A zoology of future. N.Y,, 1981. Cm. Takxe:
Kpouwnos M. H. 3HAKOMBTECH: JKUBOTHBIN MUP OyIyIIETO (BMECTO pe-
nersun) // Mpuposa. 1983, Ne6, C.126—128.

** Dixon D. The new dinosaurs. An alternative evolution. Topsfield,
1988.

**% Dixon D, Adams J. The future is wild: A natural history of the
future. Firefly Books, 2002 (Juxcon /1., Aoamc /. lnknit mup 6yzy-
mero. M., 2003).
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[ToBOKBA B MEJIOBOM IIEPUOJIE.
3/1€Ch PACIIONATANIACD I0KHAA OKPa-
HMHA HErIyboKoro Pycckoro mops.
Kpynupiit [TOBOJKCKUI apxXunesar
IIPOTAIUBAJICA OT HbIHEmHeN [len-
3b1 10 Kanaga-nHa-Jony*.

[TajleoHTONOIN HANIM MHOI'O-
YHUCIEHHBIE UCKOMIAEMBIE OCTATKU
MOPCKUX penTWINN (UXTUO3AB-
pOB, IIJIE3M0O3aBPOB, MO3434BPOB)
1 )KUBOTHBIX, HACEIABIIMX OCTPO-
Ba apxwuienara (BOAOIIABAIOIUX
OCCKPBUIBIX MTUILl TI'€CIEPOPHU-
COB, JIETAIOMUX NITEPO3ABPOB, JU-
HO34BPOB). DTO COOOIIECTBO Op-
FAaHU3MOB C HEOOJBIIMMU H3MeE-
HEHUAMHU NPOCYLECTBOBAIO OKO-
710 60 MJIH JIeT U OKOHYATEILHO
HCYE3NIO0 B KOHIIE MEJOBOTO MEPHU-
0714, BO BPEMS «BEJIMKOTO BBIMHPA-
HUSA JUHO3aBPOB». I[IpUUUHBI 3TOI
KaTacTpodbl OCTAIOTCA 3aTrajoy-
HBIMU. BEpoATHEE BCETO, UX OBLIO
MHOTO, IO PYCCKOHW NOCJIOBHUIIE
«0€eJja HE IPUXOJUT OJIHA>.

HNHTeHCUBHBIE (Da3bl FOPOOOPA3OBAHUA U TJIO-
6aNbHBIE AHOKCUYECKUE COOBITHSA, KIUMATUYECKUE
U3MEHEHUA U IOSABJICHUE JIMCTBEHHBIX JIECOB, YCHU-
JIEHHAd AKTUBHOCTb BYJKAHOB U NAJECHUE YDOBHA
Muposoro okeana. CBOEro poja OKOHYATENbHYIO
TOYKY, BEPOATHO, IOCTABUIO NAJEHUE ACTEPOUJA.
Cyzs IO OTPOMHOMY KpaTepy B MEKCUKAHCKOM 3aJIU-
BE, y/1ap 6bUT UyJJOBUIHOM CUIBL. ECu GBI 3TOT acTe-
pouj IPOMAXHYJICI MUMO 3€MJIH, IBOJIOLUA ME30-
30MCKUX OPTaHU3MOB, BEPOATHO, IPOAOJIKANACH OB
€Ile MHOTUE MUJUIMOHHI JIET.

COBPEMEHHBIN YPOBEHb 3HAHUN 006 OOUTATENAX
Pycckoro mops u ITOBOJDKCKOI'O apxXulienara 1no3Bo-
J1€T HAPUCOBATH I'MIOTETUYECKYIO KAPTUHY, K4K
MOTJIM OBl BBIIJIAJETh IOTOMKN ME3030MCKUX KUBOT-
HBIX, €CJIM OBl UM yJAJIOCh JOXKUTb JO CETOAHANIHUX
JHEN (IPY COXPAHEHUHU B PETMOHE CYIIECTBOBABIINX
B MEJIOBOM IIEPUOJIE T€OI'PAPUUECKUX YCIOBUI).

HXTHO3aBpBI. B ME3030MCKUX MOPAX OHU 34HU-
MaJIM 3KOJIOI'MYECKYIO HUIIY, CXOJHYIO C TOM, UTO CEM-
YaC NPUHAICKUT AeabPrUHAM. B OCHOBHOM 3TO ObUIN
XUIIHUKU CPEAHUX U OTHOCUTEIbHO KPYIIHBIX Pa3Me-
POB, OT OJIYTOPA 10 NATH METPOB. Cyd 1o MOpdono-
I'un 3y00B U COAEPKUMOMY JKENYAKOB, OHU ITUTAINCD
HEKPYITHOH PBIOOI U IOJOBOHOTUMH MOJITIOCKAMH.

B xoze 3BOMIOLMU Yy IPOABUHYTHIX IIPELCTABUTE-
JIE! I'PYIIILI PA3BUJICA MOUIHBIA XBOCTOBOI IIABHUK,
BBIIIOJTHABIIAI OCHOBHYIO JIOKOMOTOPHYIO (DYHKIIHIO.
[ToaBuica 1 KPynHBIN CIUHHON IJIABHUK. [lepennue
KOHEUYHOCTHU-JIACTHI CUJIBHO PACIIUPUINCDH U IIPEBPA-
TUJINCh B CBOCOOPA3HBIE TTOABOAHBIE KPBIIbs, UTPAB-
mue posb pynd-cradbunuzaropa [1]. Hanbosee mupo-

* Apxanzensciuti MC, Hearnos A.B, Henuxoe A.E. Korna Bonra 6buta
Mopem. Capatos, 2012.

[MNOTeTUYECKMII HEOUXTUO3ABP.

3pecb n panee pucyHkn A.A.CmeHuapésa

KM€ U JUIMHHBIEC [IEPEJHUE IVIABHUKU OBLIU Y MEIO-
BBIX UXTHUO3aBPOB poja Platypterygius.

HexkoTopble MXTHO3ABPBl OBUIM TJIyOOKOBOJHBIMU
HBIPSUIBIMUKAMY U, CY/S 10 OTPOMHBIM TJIa3HBIM OpOU-
TAM Y€PENA U KOJIbI[AM CKIEPOTUKN, OXOTUIHUCH B TEM-
HOTE. PsAJ| IPU3HAKOB YKA3bIBAET, YTO OHU UCIIOIb30BA-
JIA 3XOJIOKALUIO, KAK COBPEMEHHBIE KUTOOOPA3HBIE.

[To3pHuEe UXTUO3ABPLL U3 POJA Leninia 1 HEKOTO-
pule BUABL poja Platypterygius UMENN CUIbHO YIJIH-
HEHHBIE TOHKHE YEJIIOCTH, IMOXOXHE HAd HOXKHUILBL
VY 3TUX UXTUO32BPOB ObUIU JABOMHBIE HOCOBBIE OTBEP-
cThs, (PYHKIMOHAIbHOE 3HAYEHUE KOTOPBIX HE COB-
CeM IOHATHO. BO3MOXHO, MXTHO3aBpbl 001aan1
IIPOTOYHON HOCOBOU CHUCTEMOM, aHAJOI'MYHON TOH,
4TO IPEJIIOIAraeTCsa Mg I1e3n03aBpoB. Boga mMoria
BXOJUTb B XO4HBI, IPOTEKATb Y€PE3 HOCOBLIE KAMEPDI
Y BBIXOJUTb U3 BHEIIHUX HOCOBBIX OTBEPCTUI. He nc-
KJIIOYEHO, YTO OJHA Idpa HO3ZAPEN BBIYCKANA BOJY,
4 JIpyras UCIOAb30BANIACH I AbIXaHuA [2].

V IIOTOMKOB MEJIOBBIX UXTHO3dBPOB 3TU IIPU3HA-
KM MOTIJIM PAa3BUTHCA JAJABIIE U NPUBECTU K YHUKAJIb-
HOM CHELUAJIM3ALNUY HOYHOIO OXOTHHUKA 34 TMI'AHT-
CKMMH MOJIIIOCKAMH.

B nuTaHUYU UXTHO34BPOB OJJHY U3 INIABHBIX POJICH
UI'PAIU I'OJIOBOHOI'ME, B TOM YUCJIE€ AMMOHUTHL B X0-
J€ 3BOJIOLUU AMMOHUTB YBEJIUYUBAIU PA3MEPHL
U YCHJIMBAJIY 3AIUATY PAKOBUHBL: BO3PACTA/Id TOMIIU-
HAa €€ CTEHOK, YBEJIMYMBAJIOCH KOJIHUYECTBO WLIMIIOB
U MOINHBIX pebep (IpUMeEp — NPEACTABUTENN POAA
Parapuzosia). Bo3MOKHbIE HEOAMMOHHUTBI MOIJIU OBl
JJOCTUYb PAa3MEPOB JAETCKON Kapyceau. ToucTble
MPOYHBIE PAKOBUHBI, IMOKPBITHIE MUIAMU, HAJJEKHO
3AMUIAIA MOJUIIOCKA OT XUIHUKOB. HEOUXTHO3aB-
paM IPUIIOCH OBl ATAKOBATb 3TUX I'MI'AHTOB OYEHb
OBICTPO, YTOOBl OHU HE YCIEBAIU BTAHYTbH T'OJIOBY
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B PAKOBHUHY. B cy4ae yJavyHOTrO HANaAEHUSI XUIHUK
TOHKHUMU YETIOCTAMU OTPE3AT MOJUIIOCKY MYHAJbIla.
Vrpara He cTana 66l CMEPTEILHON Uil HEOAMMOHHU-
TOB. BCce romoBoHorue 0671a7a10T BBICOKOH CIIOCOO-
HOCTBIO K PETEHEPALIUU U MOT'YT OBLICTPO BOCCTAHAB-
JUBATH YTPAUYCHHBIC KOHCYHOCTH.

OrpoMHBIE HEOAMMOHUTHI, BEPOATHO, COBEPIIATHI
6Bl CYyTOUHBIE MUI'PALIUN U, KAK COBPEMEHHBIE KaJb-
Maps! [yMO60IbATa, TOAHUMAIUCH K TOBEPXHOCTH MO-
ps IO HOYAM. B CBA3U C 3TUM HEOUXTUO3ABPHI LOJIK-
Hbl ObIM OBl CTATh HOYHBIMH OXOTHHKaMu. Haxo-
JUTbh TPOMAJHBIX MOJITIOCKOB B TEMHOTE UM IIOMOT'A-
1 6B OTPOMHBIE T71A32 U JOTOTHUTEIbHASA [1apa Ha-
PY’KHBIX HOCOBBIX OTBEPCTHUI, 0OECNEYUBAIOIINX
OMOBEHHE OOOHATENBHOI'O 3MUTENIUS TOKOM BOJBL
[TepesHue 1aCTbl HEOUXTUO3ABPOB IIPU 3TOM CUJIBHO
OBl YBEIUYUIIUCDH, KAK 3TO HAOIIOAAETCS Y COBPEMEH-
HOI'O rop6aTOro KUTA.

Ilne3no3aBpel. [IpeacTaBUTENN 3TOU I'PYIIILI
MOPCKHUX PENTHINN UMEIN YTONIEHHOE BEPETEHO06-
P43HOE TENO U MOIIHBIE KOHEYHOCTHU-IACTHL. ¥V HEKO-
TOPBIX (POPM OBLIA JUIMHHAS IIES U OTHOCUTENIBLHO HE-
6onbmas ronosa (Elasmosauridae u Cryptoclididae).
Y Ipyrux — HA000POT: mesd CUILHO YKOPOYEHd, A T'O-
JIoBa OrpoMHBIX pazMmepos (Pliosauridae) [3]. Auera
3TUX KUBOTHBIX, B 3aBUCUMOCTH OT Pa3MEPOB U MOP-
(pOIOTUUECKUX OCOGEHHOCTEN, CUJIBPHO Pa3IndalacCh:
OT MEJIKHUX PbIO M T'OJOBOHOTHX /IO KPYIHBIX PENTH-
qnil. HEKOTOpBIE UIMHHOIIENE NAE3UO03aBPHl (Mortu-
neria, Tatanectes, Kaiwhekea), Kak IPEAIIONATAETCS,
MIUTANNUCh KPUIEM: UX TOHKHUE JJIMHHBIEC 3yObl 06PA30-
BBIBIN PEUIETKY, KOTOPAsA MPU MPOIEKUBAHUU BOJIBI
YAEPKUBAIA MEJIKYIO JKUBHOCTD B IIACTH [4].

[TpoBEJEHHOE KOMIBIOTEPHOE MOJEIUPOBAHUE
MIOKA34J10, YTO I IEPEMENEHUA O] BOJOU MIE3UO0-
34BPBl MCIIOJb30BAAN TAK HA3BIBAEMBIN ITOJBOJHBIN
IIOJIET, MOJLOOHO COBPEMEHHBIM ITMHIBUHAM. OHHU I€-

PEABUTANNCEH, IPOU3BO/A MAIIYIIUE JBIKEHUA KPYII-
HBIMU IEPEAHUMHU JaCTaMHU. 3a/lHUE KOHEYHOCTU
NPaKTUYECKH HE NPUHUMATIN YYaCTUS B ABHKECHUU.
DTOT NPOABUHYTHIN TUII INIABAHUA IIO3BOJISII IIJIE3UO-
3aBPAM PA3BUBATH 3HAYUTEIBHYIO CKOPOCTbD.

BOJIBIMMHCTBY I'PYIII IJIE3U03aBPOB ObIJIA CBOUCT-
BEHHA 3BOJIOIMOHHAA TEHJEHIIUA K YBEIWYEHUIO
pa3MepoB. YV HEKOTOPBIX M3 HUX, HAIPUMEP 37TACMO-
3aBPOB, CWIBHO YVIMHWIACH II€s, 4 FOJ0BA CTaJIA OT-
HOCHUTEJIBHO Tela COBCEM HEOONBION. HecMOTps Ha
IUTAHTCKUE pa3Mepsl (10 15 M), 3TU IUIE3MO3ABPHI
OXOTHJIMCD JIMIIb Hd MEJIKYIO PBIOEIKY U I'OJOBOHO-
IUX. BEpoATHO, 3THU PENTUIUN MEJJIECHHO MAPUIN
B TOJIIIE BOJIbI, BDEMSI OT BPEMEHHU CXBATBHIBAs 343€-
BABIIYIOCH JJOOBIYY.

MOKHO NPEANONOKUTD, UTO Y HEOINACMO3ABPOB-
PBIOOSANOB MOT COXPAHUTHCA TPEH K AaJIbHEUIIEMY
YBEIUYEHHUIO MMENHOTO OTAENd MO3BOHOYHOTO CTOJI-
64. B utore pasMmepsl UX TYJIOBHUIL HE IIPEBBIIAIN OBl
1/5 ob6meit AMUHBl XUBOTHOTIO. CBEPXAMUHHAS IIEd
IIO3BOJIsNIA OBl OXOTUTBHCS, OCTABASACh NMPAKTUYECKU
Ha OJJHOM MECTE.

YTOHUEHNUE U VATUHEHHE 3yOOB JAPYTUX 3TACMO-
3aBPUJ IPEBPATUIIO OBl UX B TUTAHTCKUX MTACCUBHBIX
(pUIBTPATOPOB, KAK 3TO AOMYCKAETCA I HEKOTOPBIX
IOPCKUX U MEJIOBBIX IJIE3M03aBpOB. TOHUAHIINE TIH-
JIOBUJIHBIE 3yOBI MOIJIM 6Bl CO3/1ATh aHAJIOT KUTOBOTI'O
yCa. AKTUBHAs OXOTA Ia’KE HA CAMBIX MEJIKUX METATU-
YECKUX KUBOTHBIX CTA1a OBl HEBO3MOXKHA. lled aTux
MOPCKHUX PENTHIMI MOTJIA OBl CTATh HECKOJIBKO KO-
pode, 4 TOJOBA yBEAMYMUIACh. HeosanacmMo3aBphl-
(pUIBTPATOPHI IBONIOIMOHUPOBAIN 6B B CBOCOOPA3-
HBIE «MOPCKME IBIIECOCH», KOTOPBIE 34CACBHIBAIU
KPEBETOK, BOJOPOCIU, MOPCKUX KOHBKOB U MOJO/b
KalbMapoB. O6a 3KOJOTUYECKUX TUIA T'POMAJHBIX
HEOAIACMO3aBPU/J] HACENANU ObI MEJIKOBOADA, I/J€ HET
KPYIIHBIX XHITHUKOB.

lMnoTeTUYeCKnit Heo03NacMo3aBp-puiGosa.
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lMnoTeTUYeCcKnit Heo3nacMo3aBp-hunbTpaTop.

Jpyras 3BOJIOLMOHHAA CTPATErUd MOIIA Pa3-
BUTHCA V JIMO3ABPU/J] C KDYITHOU T'OJIOBOU M CUJIBHO
VAJIUHEHHON MOPAOi. X MOIIHBIE 3YOBl OBIIN IPU-
CHOCOGJIEHB K PAa3PBIBAHUIO OIPOMHOI JOO6BIYU
U B YENIOCTAX PACHONAraJuCh HA 3HAYUTEIBHOM
PAaCcCTOSIHUU APYT OT APYrd, KAK Y COBPEMEHHBIX 3Y-
0aTBIX KHTOB. [IMMHA KUBOTHHIX jgocTuraga 10 M.
BO3MOXHO, TIIMO3aBPbI ObUIM TTTYXUMH, HA 4TO yKa-
3BIBAIOT OCOOEHHOCTH CTPOEHHUS HEKOTOPHIX KOC-
TE OCHOBAHUA Yepena. BEposaTHO, BO BpEM OXOTHI
OHU TOJATaJUCh HA 3PEHUE U CIELNHUATBHBIE CEH-
COPHBIE OPTaHBl, CXOXHE C PELENTOPAMU JABIECHUA
(HEMpOMACTAMU) HA MOP/IE KPOKOAUIA. DTHU CEHCO-
pBl MO3BOJISIIM UM YyBCTBOBATH
BUOpALMIO, UCXOAANYIO OT XKHU-
BOTHBIX, HAXO/AIUXCA B BOJIE J1a-
JK€ HA OOJIBIIOM PACCTOAHUMU.

ITo Apyrou Bepcuu, IJIMO3aBPHI
001212711 BECbMA CBOECOOPA3ZHBIM
CIYXOBBIM aMIapaToM. JIesio B TOM,
YTO B BOJIC HE HYXKEH CIEIUATNU3U-
POBAHHBIN Opran cilyxa (cpegHee
yX0), KaK Ha CyII€e, TOCKOIbKY 3BY-
KOBBIE€ BOJIHBI XOPOIIO PACHPOCT-
PAHAIOTCA B )KUAKOM CpeEJe U Iie-
pefaoTcs 4yepe3 KOCTH uepena
IpAMO BO BHYTpEHHEE yXO. Takum
06pa30M, MAUO3aBPpAM OPraHOM
CIyXd MOTJIO CJIy’KHUTb BCE TEJIO.

B0o3MOXKHBIE TOTOMKH TJIMO34-
BpOB OblIM OBl CIIOCOOHBI 3AHATH
9KOJIOTHYECKYIO HUIY Kamasno-
TOB, CTaB IJIyOOKOBOJAHBIMU HBI-
PANBIIUKAMUY, PHICKAIOMUMU B I1O-
HCKaX JOOBIYM B TEMHBIX O€3JHAX.
Mx momHadg MOpJa BBITAHYJIACH

[MnoTeTnyeckuit Heonnmo3asp.

Obl eme OoJblne, YTOOB HA HEU Pa3MECTUIOChH Or-
POMHOE YMCIO CEHCOPOB-HEHPOMACT. VIMEHHO 3TH
pELEenTOps Urpasu 6Bl IJTABHYIO POJIb NPU IMOUCKE
JOOBIUM. 3pEHUE HEOIUIMO3ABPOB MOTJIO YXYJMIUTh-
Cs, 4 B IEPEJJHEN YACTU I'OJIOBBI MOSBUJICS OBl KUPO-
BOM MEMIOK: OH IIOMOTJ OBl PETyJUPOBATH IJIABY-
YECTb KUBOTHOTO IIPU HBIPAHUHU U NIOJbEME, 4 TAKKE
AMOPTHU3NPOBAJ YAapbl BO BPEMsA OPAYHBIX CXBATOK
32 caMOK. CXOkue (PYHKIUU BBIIOJIHSAET CIepMalie-
TOBBIM MEIIOK Y KaIIaJIOTOB.

Mo3a3aBpbl. DTH MOPCKUE SIIEPUIBI — IPEJIO-
JIATAEMBIE POJICTBEHHUKU BapaHOB. OHU ObUIM IIO-
CJIEJHEN I'PYNIION PENTUINI, CYMEBIIEN OCBOUTDL Mu-

[MnoTeTUYyecknint Heomo3sasa Bp.
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poBon okean. I[IpogBUHYTHIE NPEACTABUTENN MO3A34B-
pus 061aanu YATUHEHHBIM TEJIOM, OTHOCHUTEIBHO
HEOOJIBIMIUMH KOHEYHOCTAMU-IACTAMU U XBOCTOBBLIM
IIJIABHUKOM. VX aHATOMMUS MO3BOJIAET MPEAIONOKHUTD,
YTO OHHU IJIABATH, BOTHOOOPA3HO U3rUHAACh B TOPU-
30HTAJbHON IUIOCKOCTH, T.€. OONAJANHU «yTPEBUAHOIM»
JIOKOMOITHEI.

JnrHa 60JBIIMHCTBA MO3a3aBPOB HE MPEBHIIIANA
5 M, IATAJIUCh OHU pbI6OU. HO B KOHIIE CBOETO 3BO-
JIOLIMOHHOTO MYTH I'PYINA AaJd TUTAHTCKUE (DOPMBL:
Mo3a3zasp fopmana (Mosasaurus hoffmanni) n Tuno-
3aBpuHbl (Tylosaurinae), AnMHa KOTOPBIX AOCTUIAIA
17 M. DTU TUTAHTH 00J1aa/ I MOUTHBIMU KHUHIKAJIO-
BU/IHBIMM 3Y6aMH, OXOTHUINCH HA O0J€€ MEJIKHUX CO-
6paTbeB, Yepenax u akyin [5].

Taxoke U3BECTHBI CIEUATU3UPOBAHHBIE MO3434B-
pul poaa Goronyosaurus ¢ KIBIKOOOPA3HBIMU 3y0aMu
1 MACCHUBHBIM YEDPENOM, OHM HAIOMHUHAJIU CKOpEe
KpOKoauaa, uem smepuity [6]. HekoTopbie MO3a3aB-
pBl (Pannoniasaurus), BEPOATHO, OOUTAIU B IIPEC-
HOM BOZE [7].

Teso HEOMO3232BPOB MOTIJIO 3HAYUTENBHO VAIU-
HUTbLCA, XBOCTOBOU IIABHUK — CHUJIBHO YBETUUUTHCA
B pa3Mepax, a TOJ0BA — CTATh eme 60Jjee MOMHON
1 MAaCCUBHOW. B CHJIBHBIX YETIOCTAX PACIOJIATATUCD
661 gudPepeHIIUPOBAHHBIE 3YObl: OKpYIJbIE [
JpOOIEHUS KOCTENH U PAKOBUH B 33JJHEH 4aCTU, OCT-
pble 1 pa3peIBaHUS JOOBIYU — B nepegHen. Heuro
IIOXOkKe€e HABIIOAANOCh Y MO3434BPd MPOTHATOLOHA
(Prognathodon) [8].

Y KaKHUX-TO HEOMO3434BPOB MOIJIHN OBl MOABUTD-
Cs SITOBUTBIE JKEJIE3Bl, KAK Y COBPEMEHHOTO KOMO/I-
CKOro BapaHa. ’KepTBB HANaJEHUSA 3TUX MOPCKUX
pENTUNNY YMUPAIU OBl KAK OT PaH, TAK U OT JEHUCT-
BUS TOKCHUHOB.

Hexoropsie HEOMO343ABPbI
OXOTHIUCH OBl B MYTHBIX IIPHU-
O6PEKHBIX BOIAX WIN MOJHUMATNCh
BBEPX IO PEKAM, IPYIHE — MPUOO-
penru O6bl TUIAHTCKUE Pa3MEPHI
1 34CENUIN MOJAPHBIE MUPOTHL.

[11aBaTh B XOJOJHOM BOJIE UM I103-
BOJIMJIA OBl 'UT'AHTOTEPMUS (MHED-
LIMOHHAA TETNIOKPOBHOCTD) — IIO-
CTOSIHCTBO ~ TEMIEPATYpHl Tela
B 20-25°C, CBI3aHHOE TOIBKO C OT-
POMHBIMH Pa3MEPAMH. ==

IITepo3aBpsl. B KOHIIE M€ENIO-

BOTO Iepuoja Ha ocTposax Ilo-
BOJIKCKOTO apXHIenara THE3/u-
JIUCh NIPEACTABUTENN IOCIEHEN
TPYHNIBl NTEPO3ABPOB — aXKAAP-
xunbpl (Azhdarchidae). ¥ npen-
CTABUTEJICH 3TOU I'PYIIILL JIETAIO-
MUX AIEPOB OTCYTCTBOBAIU 3Y-
6Bl B KJIIOBE U OBIIN OTHOCUTENb-
HO Y3KHE KPbLIbA [9].

B xoze aBomonuu mesa axjaap-
XU/l YIJIUHATACh, YBEIUYUBATUCD
obmue pazMepsl KUBOTHBIX. He-

KOTOpBIE OTPOMHBIE aXAAPXUABL (Quetzalcoatlus),
BEPOSATHO, YK€ HE MOIJIM JIETATh U CTAIHU MEMEX0/[a-
MU FHTAHTCKUX pazMepoB. OHNU OXOTWIMCH Ha flle-
pUIl U MEJNKUX AUHO3aBPOB, COOUPAIN NAAANb U pPa-
30pAAM I'HE3LO0BbA APYrUX penTuaui. IIo HEKOTOo-
pPBIM OLIEHKAM, TAKHE IITEPO3ABPHI MO BBICOTE OBLIN
COTOCTABUMBI C KUPADAMHU, 4 UX BEC MOT COCTABJIATD
250 kr [10].

[TOBOJIKCKHE HEOAKAAPXUABI TOKE MOTJIN OBI ITOJI-
HOCTBIO PA3y4YUTLCA JIETATh. DTOMY CHOCOOGCTBOBAIO
6Bl OOMTAHHME HA OCTPOBAX, IJI€ HET €CTECTBEHHBIX
Bparos. [1o BHEMHEMY BUly M1 O0pa3y KU3HU OHU OBl
HATIOMHUHAIM AUCTOB M L[AIIeNIb U MOTJIM OBl IIPOMBIII-
JISITh HEOONBITUMHU PENTUIUAMHU, PbI6OU U 6ECIIO3BO-
HOYHBIMU.

IITuner. 3y6acTele NTULBI FECIEPOPHUCH (Hes-
perornis) NOABUINCH BO BTOPOM IIOJIOBUHE MEIOBOTO
nepuoga. OHU OTIIMYAJINUCH JJJINHHOM IIEEH, a4 pa3Me-
PbI UX OBUIM COTIOCTABUMBI C POCTOM B3POCJIOIO Ye-
JIOBEKA. [eCrIepOpHUCH HATOMUHAIN OECKPBIIBIX I'd-
rapok U NUHTBUHOB, IMUTAIUCh PBIOON. OHHU ObLIN
I'PY3HBIMU U HE YMEJHU JIETATh, 34TO OBICTPO MIABAIU
noa sogon [11].

MX BEpOATHBIE NMOTOMKH MOTIJHA OBl COBCEM IIO-
pPBaTb HE TOJDBKO C BO3ZAYIIHON CPENOI, HO U C CYIIEH,
CTaB IOJHOCTBIO BOAHBIMH KHUBOTHBIMH, NOJOOHO
MOPCKUM pEnTUIUAM. [IpU 3TOM OHU MOIJIHU OBl CTATh
3HAYUTEIBHO KPYIHEE, HO, BO3MOXKHO, PA3YIHUIUCH OBl
HBIPATH. HeoreCcrnepoOpHUCH TIABAIN OBl IO BOJTHAM H,
KaK JI€6€eIU, OIYCKAIN CBEPXAIUHHYIO IIEI0 B INIyOHHY,
cobupas CO AHA PAKOOOPA3HBIX U BOAOpOCIU. OHU
MOIJIH 6bI OOBEAUHATLCS B KPYIIHBIE KOJIOHUU U TUXO
OpeidoBaTh BAOJb OCTPOBOB ITOBOJIKCKOIO apXHU-
nejara, Kak ruraHTCKUe MOIUIaBKU. Ha Cymy OHHU BBI-

[MnoTeTnyeckunit Heoaxpapxua.
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MOI3aJI1 OBl TOJBKO I OTKIA/KH UL B TOPAYUIL T1€-
COK, KAK COBPEMEHHBIE KOKHUCTBIE YEPETIAXHU.
JuHO3aBpbI. CAMBIMU 3aT4/JOYHBIMU OOUTATENS-
mu TTOBOJIKCKOTO apXuIenara 6buiu AMHO3aBPHL. I1o-
Ka HaWJEHO KpalHe MaJo UX OCTAaTKOB. Hamboiee
3HAYUTENbHASA HAXOQKA — CEPUA ITO3BOHKOB KPYITHO-
I'O TUTAHO3ABPU/A U3 YIbIHOBCKOI OOJL
Turanosaspsl (Titanosauria) — oJHU U3 KPYIHEH-
MUX HA3EMHBIX CYIIECTB 32 BCIO UCTOPUIO IJIAHETHL
OHu gocturaau JinHel B 40 M ¥ Beca B 35 T. DTO HAU-
6onee MO3AHAA I'PyNNA UIMHHOIIEUX 3aBponoj. [
HUX OTMEYAETCA TEHAEHIUA K YKOPOYEHHUIO XBOCTA
1 IHUPOKOH IIOCTAHOBKE KOHEYHOCTEN [12].
HeoTHnTaHO3aBphl, OOUTABIINE HA OCTPOBAX Ilo-
BOJDKCKOTO apXHUIIENIara, MOIJU OBl YMEHBIIUTBCA
B pazMmepax (Iojo6HO Magyarosaurus U3 OTIOXKEHUN
MAaCTPUXTCKOIO gpyca PymbiHuu [13]), nepeitu K am-
(pubutHOMY 06PA3y JKU3HU U IIOUTH BCE BPEMS IIPOBO-
JUTDb B IPUOPEKHON 30HE, MUTAACH HA BOJOPOCIEBBIX
ayrax. X XBOCT, BO3MOXKHO, CTa7l GBI COBCEM KOPOT-
KiM. HaxoguThcs B BOJIHONPUOOUHON 30HE UM OBI 110-
MOTaJId YJUIMHEHHBIE KOI'TH, BBIIOIHAIOMNE (PYHKIIUU
AKOPs. Ha TONMOBE MOTIHN OBl MOSBUTHCA OCOOBIE KETE-
3bl, BBIBO/SINME HU3OBITKH COJICH. Takue Keae3bl €CTh
Yy COBPEMEHHON MOPCKOM UI'yaHbl AMOIUPUHXA, KOTO-
pas nuTaeTcs BOJOPOCTIIMHU. [TOTOMKH TUTAHO34BPOB
Morand 6Bl, KAK AMOJTUPUHXH, MOCTOSHHO <«BBIYUXU-
BATb» COJIEHYIO CIM3b. CBOUM YUXAHUEM CT4/J0 HEOTU-
TAHO34BPOB MPOU3BOAWIIO OBl OTJIYNIUTENBHBII ITYM —
CaMblIil 'POMKUI 3BYK ITOBOJDKCKOI'O apxuIiesiara.
DTOT apxunenar Mor 6sl 0 CUX [Op pacuoJja-
I'aThCs HA MECTE HbIHEMHUX Caparosa, IleHssl, Vibi-
HOBCKa ¥ CaMapbl, €CJIU 6B UCTOPUSA IVIAHETHL PA3BU-
BAJIACH 110 JIPYTOMY CII€HAPUIO. B

[nnoteTnyeckuin HEOTUTaHO3aBpua.

vlorror 99741591 c‘i(

[MNOTETUYECKMIA HeorecnepopHMcC.
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B cneaymowjem nomepe ‘ 17

C umeHeM akazemuka JK.bensgesa (1917-1985) cBA3aHO BO3POXKACHUE I'€HETUKU BO
BpeMeHa, Koraa B CoBeTckoM Coio3e 0OHa 6buIa ene O(UIINaNIbHO 3anpenieHa. Boarna-
BUB B 1959 1. HOBOCHMOUPCKUY MHCTUTYT uTonorun u renetuku CO AH CCCP (MIuT),
BensieB cOOpal «IOJ OJHOU KPBIIIELN» YIIENEBIINX MOCIE PENPECCUN BBIIAIOMUXCA yUe-
neix (I0.4.Kepkuca, 3.C.Hukopo, B.B.XBocrosy, O.M.Maiicrpenko, PJL.bepr u ap.) and
Pa3BUTHUA HOBBIX HANPABJIECHUU TEOPETUYECKON M NPUKIAJHON IeHEeTUKU. HayuyHbie
HHTEPECH. caMOro JIMutpus KOHCTAaHTMHOBHYA OBUIM TAKXKE CBA3AHBI C 3BOJIOIIMOH-
HOM I'€HETUKON U CEJIEKLIUEN XKUBOTHBIX. OH pa3paboTan I€HETUUYECKUE OCHOBBI CE-
JIEKIIUY MYIIHBIX 3BEPEU, O60OCHOBAJI IYTH HACAEACTBEHHON NMEPECTPOUKU (DYHKIIUU
Pa3MHOKEHUA y IUKUX KUBOTHBIX IPU UX OJOMAIIHUBAHUH, C(OOPMYIUPOBAT TEOPUIO
JECTAOMIN3UPYIOMErO OTO6OPA. ONBITHL IO JOMECTHUKALUU CEPEOPUCTO-YEPHON JIH-
CHUIIBI, HauaTble besieBbIM 601ee MolyBeKa Ha3a/l, npojopkarcs B Mul 1o cux nop.
B 1aHb 3TOMY YHUKAJIbHOMY HAyYHOMY 3KCIIEPUMEHTY U B UECTb €I'0 aBTOPA 7 ABI'YCTa,
B IIEPBBIM J€Hb MPOBEAECHUA MEXKIYHAPOAHON KOHMeEpeHI N «belgeBCKue 4TeHU»,
OpraHu3oBaHHON K 100-1eTuIo co gHa poxjgeHus Imurpusd KOHCTAHTUHOBUYA, PALOM
€ rmaBHBIM Kopnycom MIul' 6yeT yCTaHOBIEH NAaMATHUK BBIAAIOMIEMYCS YUEHOMY, 34d-
MIEYATIEHHOMY BMECTE C OOBEKTOM ITTABHOTO UCCIEJOBAHUA CBOEN JKU3HU.

SBOJIOI A, HAIIPABJIAEMASA BOJIEV YEJIOBEKA
K 100-neruro co pusa poxjgenus [J.K.bensesa






