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Abstract

The influence of history on life history traits of species is known and long accepted, but it really became an
important and growing malter of concern in comparative biology during the last two decades, especially with the recent
advances in molecular phylogenetic methods. We undertook to re-example the evolution of ground-dwelling squirrels using
this phylogenetic approach. In the resulting phylogeny obtained by DNA/DNA hybridization, GDS sociality appeared as a
monophyletic factor, which seems to have taken place while the group was evolving. Taking into accouni this new
consideration, we propose a new synthetic evolutionary scenario, establishing that the evolution of sociality of GDS was
principally the result of their long adaptation to open grassiand environments.
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Pesome

Bausnue seomoyuu na ucmopuio obpasa HcusHu 6UO08 UIGECHHO U OUBMO APU3HAEMCSA, HO DMO CeUCmEUmMenbHO
CIMOAO  GANCHBLM HDEOMEMOM 603DACMAIOMe20 UHMEPeCa € CPAGHUMEAbHOW GUOLoUN 6 meweHue nocAeOnux oeyx
decamunemuti, 0COBEHHO G CEA3U C NPOZPECCOM MEMOOOE MOLCKYIAPHOT dunozenuu. Mol noneimanuce nepecmompems
IEOMIOYUIO  POIOWUX  HAZEMHBIX DeNUUbUX, UCROAL3YRE urocenemuueckusi nodxod. B pesyromupyiowen  gunocenuu,
nogyuennon memooom JIHK-2ubpudusayuu, coyuanenocms nasemuvix Oeruyvux GOINUKAG KaK MOHODUIemUyeckuil
haxmop, komopuLii, no-euduMOMY, RORGUACH 8 npoyecce agomoyuu epynnor. lpunuman 6o enumarnue smom Hoswili nodxoo,
Mol npeoraeaeM HOSbIU CUNMEMUYECKUTl IGOMOYUORHVIL cyenapui, ROCMYAUPYIOWUL, YMO paseumue COYUANbHOCHMU
HaZeMHbIX OenuubUx Goll0 2NAGHBLIM 0OPA3OM Pe3VALMAMOM UX OAUMeNbHOT adanmayuy Kk OMKPLLMbIM MPAGIHUCMbIM
MeCmoobumanusim,

I(fuoueebte C108A: 60M0YUs,_ MORCKYAAPHAR DUNO2eHUs, COYUANRbHOCHLb, DOKWUE HA3eMHbLE Belulbly

Résurné

L'influence de Ihistoire évolutive des espéces sur leurs traits d’histoire de vie est reconnue depuis longtemps, mais efle n’3
vraiment été prise en compte de fagon importante en biologie comparative que depuis les deux derniéres décennies, en relation
notamment avec les progrés effectués en phylogénie moléculaire. C’est dans cet esprit que nous avons entrepris de re-examiner
évolution de /a socialité chez les GDS, en utilisant une approche Phylogénétique. L’analyse de la phylogénie obtenue par
hybridation ADN/ADN, a révélée que Ia socialité des GDS apparaissait comme un caractére monophylétique, qui se serait mis en
place au fur et 3 mesure que le groupe évoluait. En prenant compte de cette considération, nous avons pu proposer un nouveau
scénario évolutif synthétique, stipulant que I’évolution de la socialité chez Jes GDS est essenticllement le résultat de leur fongue
adaptation aux milieux ouverts.

Mots clés : _évolution, phylogénie moléculzire, socialité, marmotini
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As explained by Schlobodchikoff & Schields (1988), it is generally admitted that the causal factors of life
history traits at a given step are probably the specific solution to a given set of selective pressures in relation with
the historic constraints of the species phylogeny.

Grandcolas et al. (1994) noted that in comparative interspecific studies, this consideration of the influence
of history had became an important and growing matter of concern during the last two decades.

As far back as 1985, Dobson noted a growing interest in the value of considering the influences of
phylogeny in numerous interspecific studies and thought that such approaches need to be extended to studies of
the evolution of behavior. He was one of the first to propose testing historical origin hypotheses by comparing
the distribution of behavioral characters among species to a well-supported phylogeny of the species, which was
still difficult to obtain at that time.

Then, with the studies of Brooks & McLennan (1991), Harvey and Purvis (1991), and the advances in
phylogenetic methods (due to new molecular technics), comparative biology has been revolu-tionized. Because
phylogenetic analysis enables one to make historical investigations and thus provides a test of the validity of
adaptationist hypotheses, the use of phylogenetic approaches in comparative studies has literally exploded.

As recently written by Kennedy et al. (1996), studies investi-gating adaptation, coevolution or
biogeography as well as behav-ioral studies (Brown & Shou-Hsien, 1995), have all benefited by using an explicit
phylogenetic approach. As a result, phylo-genetic behavioral studies are more and more common (Langtimm &
Dewsbury 1991, Packer 1991, Lanyon 1992, Edwards & Naeem 1993, Dessutter-Grencolas 1994, Perry et al.
1995, Winkler & Sheldon 1995, Brown & Li 1995, Bisazza et al. 1997). So our aim was also to use this
approach with the case of the evolution of sociality in ground-dwelling squirrels.

Ground-dwelling squirrels present a wide range of social organization and many classical studies have
already tried to determine the causal factors of the evolution of sociality in this group.

It began in 1974 with Barash, who explained sociality in marmots through the harshness of their
environment. Then, in 1981, Hoogland tried to explain coloniality in prairie dogs as the result of a reduction of
predation. At the same time, Armitage correlated social level of several North American ground-dwelling
squirrels with body size and energetic problems. He analysed the sociality of ground-dwelling squirrels as a life
history tactic, introducing the notion of direct fitness. Two years later, Michener (1983) thought that sociality
was related to the prolongation and the coincidence of seasonal activity of the various cohorts. Finally, Arnold in
1990, analysed sociality of the alpine marmot as a result of social thermoregulation.

In 1991, Ferron presented for the first time a synthetic theory in which he distinguished facilitating factors
(diet selection, predation pressure, overlapping of active seasons, population density), and a main determinant
factor (delayed maturity) in the evolution of sociality in ground-dwelling squirrels.

So, many factors were taken into account except for the historical influences. Thus, as previously
suggested by Hafner (1984), we conducted a phylogenetic approach by establishing a molecular phylogeny of
several sciurids, based on DNA/DNA hybridization experiments.

This technique of molecular phylogeny gives distances between species by measuring the stability of their
DNA hybrids (Werman et al. 1990). DNA of two species was hybridized and then the hybrid was heated until it
separated. The closer the species, the more the hybrid had to be heated to separate. The dissoci-ation curves
obtained for each hybrid were compared and treated to obtain a resulting phylogeny (Krajewski & Dickerman
1990).

Such experiments were conducted on ten species of sciurids during 1995 (Giboulet et al. 1997).

Information about the sociality of species was found in the literature and the sociality index was based on
those of Armitage (1981) and Michener (1983).

In the resulting phylogeny (Fig. 1), sociality was revealed as a monophyletic character that had evolved
gradually. The oldest species were solitary, whereas the more recent were very social. It seemed that sociality
had taken place while the group was evolving. At each step of differentiation, the social level became more and

more complex.
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Taking into account this consideration, and also the previous theories, we could imagine the following
evolutionary scenario (Fig. 2).

First, 20 MY ago, somewhere in the North American forest, were some tree squirrels (arboreal, territorial,
solitary and granivorous), who began to be terrestrial and ground-dwelling. To pass through the winter these
animals always collected some seed reserves, as tree squirrels would, but they were also able to enter into short
torpor periods. This kind of animal would lead to the actual Tamias lineage.

Later, while a climatic change on earth was creating a reduction of forests and the appearance of large
grassland areas, some of these “tamias” went out of their closed forest areas and conquered the newly opened
areas. They became herbivore special-ists, and as it is not possible to store grass reserves, they had to develop
their torpor faculty to be able to pass through the cold open grassland winter: they made some fat reserves and
hibernated.

The first ground dwelling squirrels were born. To protect themselves from predators in this open land,
individuals became gregarious and developed alarm calls. These terrestrial squirrels colonized all kinds of open
land areas and became specialized in each one (hot desert, tallgrass, shortgrass, cold grassland, xerophyllus
scrub...). All these species could mature and disperse during the first year of life, and so there was no
development of social relation between the generations. There was just sometimes some kin resource sharing
between females, in poor environments.

Furthermore, a small part of these terrestrial squirrels became specialized in the cold and periglacial
environment, that was present at this time. As explained by Bergmann’s rules, this adaptation came along with a
growth of the body size, and led to the appearance of marmots. Associated with the harshness of periglacial
environment, this new body size does not allow any young to achieve their full development during their first
year. Two or three years are required for them to achieve maturity and to disperse. Hence the tactic of the parents
is to prolong their post weaning reproductive investment. As a result, the development of social relations between
generations is possible, and lead to a new social organisation : the territorial family group.

Finally, as proposed by Armitage (1996), some of these species of marmots could have become more
generalist by an ecological liberation of their environment. This would have enabled a reduction of the maturing
delay, a disappearance of the reproductive suppression , and could explain why monax returned to a solitary
social system, and yellow-bellied marmots to a polygamous one.

So in conclusion we can say that the evolution of ground dwelling squirrelss sociality is essentially the
result of their long adaptation to open grassland environment. Once more, phylogenetic consideration in
comparative studies, appears to be an important element for understanding the evolution of complex life history
traits, such as sociality.
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Fig. 1. Phylogeny and sociality of some ground-dwelling squirrels. 1: asocial ; 2: gregarious females; 3: female
kin clusters with territorial male; 4: polygam matrilineal group ; 5: monogam familial group.

Puc. 1. QunozeHus u coyuansHOCMb Y HEKOMOPbIX HazeMHbix benuubux. 1. acoyuarnbhble, 2. CKOMIeHUA
caMoK; 3: caMoybl CemelHble Knacmeps! ¢ MmeppumopuaibHbiM CaMyoM, 4. nonueamHas epynna
mamepuHcKoll nuHUU, 5: MOHO2aMHasi cemeliHas epynna.
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Fig. 2. Imagined evolutionary scenario of ground-dwelling squirrels.

Puc. 2. lNpednazaempill cueHapui 380/110UUU HA3EMHbIX Benuybux.
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Translated into Russian by A A. Nikol'skii
[Mepesod Ha pycckud a3bik A A. Hukonsckoeo

Mo muenmo CioboauuxoBa u  Ilmnaca (Slobodchikoff, Schields, 1988), nmpunsito cuuraTs, uTO
(axtopsl, BaUsMOMME Ha 06pa3 KH3HH, 00BACHUMEI OTOOPOM, NEHCTBYIOLIMM 34 BpeMs GUIOreHUH BH/IA. .

Grandcolas et al. (1994) ormerunu, uyto 3a mocnexHme 20 JeT Bo3pacTaeT TEHACHLMS OOBACHUTD
MEKXBUIOBBIE pa3NIus (HIOTCHETHICCKUMHY TIPHUMHAMH.

B 1985 r. Dobson, ormeuas pacryluuit unTepec K (uIOreHnd BO MHOIMX paboTax, MOCBALIEHHbBIX
MEXBUIOBLIM OTHOIIEHUSAM, 06paTii BHUMaHWe Ha HeoOXOIMMOCTh M3yUeHHs 3BONIOUMM noBeaeHnd. OH Obu
OJHMM U3 HEPBbIX, KIO IIPOBEPWJI THIIOTE3Y O HPOMCXOKAEHWM BUIOB, CPaBHUBAA pacnpelieneHue
NOBEeAEHYECKMX 0COOEHHOCTEH MeXIy Buaamu, 4roObl O0OCHOBAaTH HMX (MIOrEHMIO, YTO OCTAeTCA M IO
HACTOAUWIErO BPEMEHM TPYAHOH 3anayeil.

3arem, Haunnas ¢ pabor Bpyka u Jlenmawa (Brook, Lennan, 1991), a takxe Xapses u Ilapsuca
(Harvey, Purvis, 1991), 6naroaaps najsHedmuM ycrnexaM (GUIOreHETHIECKUX METOIO0B (HOBblE MOJIEKY/ISPHbIE
METONMKM), CpaBHHTENbHAs OHOJOrMA peBOJIOUMOHM3HpoBanack. He uMed BO3MOXKHOCTM  MPOBECTH
MCTOPUYECKME MCCeOBaHWs W TakMM oOpasoM [pOBEPUTL JOCTOBEPHOCTH AMANTHBHON TIHIOTE3bI,
MCTOTb30BaHKe QHJIOTEHETHYECKUX TOAX0A0B B CPABHUTENLHLIX paboTax UMENO pelaroniee 3HadeHue.

Kax senaBHo nucand Kennedy et al. (1996), paGoTbl, NOCBSIIEHHbIE KOAAANTALKMH, KOIBOJIOUHH WU
6uoreorpaguu UMEIOT BCce NPEUMYLIECTBA A1 MCNONIb30BAHUA NPUMEHHTENBNO K (HIOTEHETHHYECKNM
noaXo[aM, TAKXKE Kak U nopeneHueckue uccneaosanus (Brown, Shou-Hsien, 1995).

Kak pesynbraT, (QUIOTeHETUECKUH aHAJIN3 IIOBEICHMA CTaHOBUTCA Bce Oonee W Gonee OOBIYHBIM
(Langtimm, Dewsbury, 1991; Packer, 1991; Lanyon, 1992; Edwards, Naeem, 1993; Dessutter, 1994; Perry et al.,
1995; Winkler, Sheldon, 1995; Brown, Shou-Hsien, 1995; Bizzaro et al., 1997).

Mrak, Hama 3afaya COCTOAIA B TOM, YTOOBI HUCIHOJIB30BATL ITOT MOJXO/ TAKKE U K CIydar 3BOJIOLMH
COUMANbLHOCTH Yy HaseMHbIX Oenuubnx. Hasemnbie OenuybH  00pasylOT LIMPOKMH CHEXTP COUMAbHOM
OpraHu3allMk, W BO MHOTHMX KJAcCHYeCKHMX paboTax ykKe CHeiaHa MOMbITKA yCTAHOBUTL (akTopLi 3BOJIOUMH
COLMANBLHOCTH B 3TOM IpymIe.

[Ty6nMKUMHM B JaHHOM HAnpasieHWH CTAM BBIXOAMTL HaumHas ¢ 1974 r., ¢ pabotsl Bapawa (Barash,
1974), x0TOpbIii 0GBACHIT COLMATBHOCTD Y CYPKOB CYpOBBIMHE YeioBusaMu oburanus. 3atem B 1981 r. Hoogland
NOABITANCSH 06OCHOBATE KOJOHUANBHOCTD Y JIYTOBBIX CO0aYeK KaK pe3yNnbTaT yMEHbHIEHHS omacHOCTH. B To xe
spems Armitage (1981) cpA3an ypoBeHb COLMATBLHOCTM Yy HECKONLKUX CEBEPOAMEPHKAHCKHX HA3eMHBIX
OeIMYbMX C pasMepaMd HX Tejia M JHepreTHueckuMy rnpobiemamu. OH NpOAHATM3UPOBAN COUMAILHOCTH Y
HazeMHbiX OeNMYBMX KaK TAaKTUKY 00pasa jKM3HH, BBels MOHATHE "npamas sbirona”. IBa roga cnycrsa Michener
(1983) cBsi3ai COUMANBHOCTD C TPOJODKUTENILHOCTLIO M XapaKTEpOM CE30HHOH aKTUBHOCTH Y DPA3/IMYHBIX
koropt. Hakoner, Arnold B 1990 r. npoananMzupopai cOLHMANLHOCTL Y €BPOIIEHCKOro Cypka Kak pe3yabtar
COUMAILHON TEPMOPETYISALMHY.

B 1991 r. Ferron BriepBble NpesIONKHUN CHHTETHUECKYIO TEOPHIO, B KOTOPOH OH BBIAETMIT OTHOCHTENIbHbBIE
dakTopsl (KOPMOBOE NPEATIOYTEHME, AABIEHNE XUILHUKOB, [IEPEKPLIBAHME CE30HOB aKTHBHOCTH, IUIOTHOCTH 110~
MyJAAUMK) ¥ OCHOBHOM omipenessiiouuit hakrop (HACTYIUIEHHE NOJOBOH 3peoCcTH) 3BOMOUNH COHMAIBHOCTH Y
HazeMHbIX Gemubux. TakaM ob6pazoM, GakTophl, IPUHIMAaEMble B pacueT, HCKIIOYal0T MCTOPUYECKOE BAUSHHUE.
MopoBHo ToMy, kak panee npeamonoxun Hafner (1984), mbl mopomym k QUIOr€HETHHECKOH KOHLETIHY,
UCIIOJIb3YS MOJIEKYJIAPHYIO (QUIOrEHMIO HECKONLKUX BUAOB OeMMUbHX, OCHOBAHHYIO Ha 3KCHEPUMEHTAX No
rubpuamsaunn JHK.

DTOT METOR MOJIEKYJISIpHOH (QUITOreHNH MoKa3bIBacT AUCTAHLIMIO MEXIY BHIAMH MOCPENCTBOM OLEHKH
yeroiiumoctH JTHK-rubpunos (Werman et al., 1990). beumm nomywenst JJHK-rubpuapl map BuioB, u 3atem
rubpu/ HarpeBaNCs [0 TeX 0P, MOKa He NpOUCXOio pasjenexue. Y rubpuuos Gonee ONM3KUX BHUIOB s
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pasgenenna TpeGoBamoch Gonbinee HarpesaHHe. CpaBHHBANMCH KDHBBIC JHCCOLMALMH, TOMyHEHHbIE [JIA
kaxaoro rubpuaa, W 3arem obpabGarthiBainch, 4TOOBI OOHApYXUTh (uIOreHeTHdeckHe cBa3u (Krajewski,
Dickerman, 1990).

Hauunas ¢ 1995 r. (Giboulet et al., 1997), Takne 3kcriepuMeHTbI BbIIONHEHD! Ha 10 Buaax Germunux.

Hudopmanua o0 cOUMAIBHOCTU BHAOB OblIa IOJYYEHA W3 JIMTEPATYpPHBIX MCTOYHHMKOB, 4 MHICKC
COUMANLHOCTY - OCHOBAH Ha MHaekcax Apmureiika (Armitage, 1981) 1 Muundepa (Michiner, 1983).

B urorogofi oueHke (GHUIOreHeTHMECKNX B3aMMOOTHOIICHHH (puc. 1) MBI NOKA3a/iy, 4TO COLMATLHOCTD
nMeeT MOHOQMIIETUYECKNI XapakTep M pa3BHBacTcs noctenedo. CaMble IpeBHUE BUMABI ObLIHM OJIMHOYHLIMY, B
TO BpeMsA Kak 6onee MOJIoJble - CONUATIbHBIMUA. BEpoATHO, COLMANBbHOCTS Pa3BUBAETCA B MPOLECCE IBOMOLMM
rpynnel. Ha xaxaom yporue auddepeHLHaluy COLMANBHBI YpOBEHL CTAHOBUTCA BCce Oojee M 6olee
KOMIIIEKCHBIM.

HMcnonp3ys 3Ty KOHUENUMio, a Takxke Oonee paHHHE TEOPUH, MbI [(pelaraeM  Clelyrolui
3BOJUOIIOHHBIH cLeHapu# (puc. 2).

Bo-neprpix, 20 MiIH. neT Hasan rae-To B necax CeBepHON AMEPHKH XWIH HEKOTOPLIE JPEBECHBIE DEKHU
(apeBecHbIC, TEPPUTOPHATLHEIE, OMMHOYHBIE H CEMEHOSIHEIE), KOTOPblE€ CTAHOBUINCH Ha3eMHBLIMU H POIOLIMMA.
Urobbl nepexuTh 3UMy, OHY JIENANH HEKOTOPbIE 3a1achl CEMSH, HOLO0OHO ipeBecHbIM GejIKaM, HO MOTIM Takke
BMaaTh U B KOPOTKOE OLICTIEHEHKE. JTH BU/IB! aJIM HAYANO JIMHUK OYPYHILYKONOAOOHEIX JKUBOTHBIX.

ITo3nHee, KOra M3MEHEHHA KIMMATa Ha 3eMJle IPUBEIIM K COKPALIEHHIO JJECOB U MOABICHUIO OOLIMPHEIX,
NOPOCIIMX TPaBoH NPOCTPAHCTB, HEKOTOphie "OypPyHAYKH" BBILLTH M3 CBOUX 3aKPBITHIX JIECHBIX TEPPUTOPHIt 1
3aHJIM HOBBIE OTKPHITHIE IMpocTpancTBa. OHM CTanM 3€I€HOAINaMHM M HE MOIVIM 3anacaTbh TpaBy, pa3Buiy
(bakynpTaTHBHOE OlCTIEHEHUE, YTOObI MIEPEXKUBATH XOJIOAHbIH 3UMHUN NEPHON: OHH AC/ANM HEKOTOPEIE 3aIachl
KHPa U YXOJUIH B CIBTUKY.

[MosBinUCH NepBbie HazeMHble 6emnubH. UTo0Os! 3alMTHTE ce6s OT BParoB B OTKPHITBIX [POCTPAHCTBAX,
OTAeNbHbIE 0COOU CTaTH O0BEIMHATECA U Pa3sBUIN 3BYKOBOH mpeaynpexaamoiinii o6 onacHOCTH CUrHan. DTy
HazeMHbIe OENUUbHM 3aHAIM BCE THIIBl OTKPLITBIX MPOCTPAHCTB M CTAIM CHELMAIM3UPOBATECS B KAXKIOM U3 HUX
(ropsuvie MyCThIHY, BBICOKOTpaBbs, HU3KOTPaBbs, XOJOAHBIE CTEIIH, CYXHE KYCTapHHUKH ...). Bee 371 Bubl Moru
Pa3sMHOKATBCH H PaCCENAThCA B NEPBBIA TOA KU3HM, YIOITOMY COLMAIbHBIE OTHOLIEHUS MEXIY reHepalliMu He
Pa3BUBANHCE.

Bbino BpeMs, Korga HEKOTOpbIE CeMeiiHble pecypchl PAclpeACTaINCch MEXAY CaMKaMu B 00€IHEHHLIX
mectax 0OUTaHuS.

Bosnee Toro, wWeDonplnas uacTh JTHX Ha3eMHBIX O€IMYbUX CTAHOBMJACH CIICLMATH3UPOBAHHLIMH,
afafnTHPYACh K XOJNOAHBIM W TEPUINIALMANBHBIM YC/IOBMAM, KOTOpbie CYLIECTBOBAIM B 3TO Bpems. B
COOTBETCTBUW C MpaBUIOM beprMana, 3Tu NPUCTIOCOONEHHMs CONPOBOXKIANNCH YBEJIMYEHUEM pa3MepoB Tejia M
NpUBENH K NOABICHUIO CypKOB. CBA3AHHBIA C CYPOBBIMH NEPUINALMATBHBIMH YCIOBUAMM, 3TOT HOBRI pasmep
Tena He MO3BOJIAI MOJIOJBIM JOCTUIATh MX IIOJIHOTO pasMepa Teia B NepBhlit ron. Tpebopamuch mBa wiu Tpu
roaa, 4Tobbl JOCTUYb IHOJOBOH 3pPEJIOCTH U paccenuThes. OTCI0Aa CNemyeT, YTO TAKTHKA POJUTEEH COCTOUT B
TOM, 4TOOBI NOJAEPXATH MX B 3TOM COCTOSIHUM JI0 HACTYIUIEHMS PENPOAYKTHBHOrO Bo3pacta. B pesymerare,
CTaO BO3MOXHBIM Pa3BHTHE B3aMMOOTHOLUEHMIT MEXIY I'€HEpallMAMH, 9TO ¥ NPUBEIO K HOBOM COLMAIBbHOH
CTPYKTYpE: TEPPUTOPUANBHON ceMeRHOH rpyrie.

U, Hakonel, xax npeanonoxwi Armitage (1996), HeKOTOpBie U3 3THX BUIOB CYPKOB MOIJIM CTaTh Honee
cBo6OIHbIMU B BrIOOpE MeCcT 00HTaHUA. DTO JaBANO UM BO3MOXXHOCTh COKPATUTh BPEMs HACTYIUIEHHI NOJIOBOM
3peNocTH, yCTPaHUTL PENPOLYKTHBHOE NABJEHHE U, BO3MOXHO, OOBACHSET, N0YeMy NECHON CYPOK BEPHYICH K
OJIHHOUHOMY 00pa3y >KM3HH, a KeNTOOPIOXUH ~ CTaJl TONMUTaMHbIM BHIOM.

Hrak, B 3aK/104€HME MBI MOKEM CKa3aTh, YTO 3BOMOLHSA COLMANHOCTH Ha3eMHEBIX OENMUbUX ABIAETCA
00s13aTeNbHbIM PE3YILTATOM HMX JIONTOH ajantaluud K OTKPBITBIM [IPOCTPAaHCTBAM. bojee TOro, cpaBHUTEILHO-
¢dunoreneTMUECKOe H3YUEHHE OTKPHIBAST BaXHBIH D3JEMEHT IUIS TOHWUMAHHS JBOJFOLUMH  KOMILTEKCA
6uosornueckux 0cobeHHOCTEH, TAKOT0, KaK COUMANBLHOCTS.,
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