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MICE BRED WITH MAXIMAL AVOIDANCE OF INBREEDING!
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SummaTry. Mice from three closed stocks A, B and C were examined for lifetime,
fertility and fecundity throughout the whole life. These stocks originated from crosses
of four inbred strains (KE, KP CBA and C57) and were bred with maximal avoidance of
inbreeding and with equal representation of families in each generation.

Mice from the stock A (10 pairs) belonged to generations F,-F,; and theoretically
reached the inbreeding coefficient 0.25 - 0.27. Mice from the stock B (6-pairs) were from
generations Fy, - F,, with the theoretical inbreeding coefficient 0.40 - 0.43, and mice
from the stock C (4 pairs) from generations F,, - F,q with the inbreeding coefficient
0.51 - 0.56.

Females A showed significantly longer mean lifetime (x — 489,6 days), than females
C (x — 424.8 days). The mean reproductive period of females A averaged 325 days, that
-of females B and C only about 270 days.

Females A had the largest number of litters (x — 9.31) and the young per one female
(x — 52.59). Females B and C had a smaller number of litters (x="7.0 and 6.4) and the yo-
ung (x=44.5 and 44.4).

The time interval between mating and first delivery was lower in the stock A
(x — 28.0 days) than in the stock B (x=153.2 days) and C (x=34.7 days). Mothers from
stock A were younger than mothers from the stocks B and C on the birthday of successi-
ve litters.

Stocks B and C were noted to have high mortality of the young from birth until
eight weeks.

The results of the present study indicate that in populations consisting of 10 pairs
the equilibrium could be stable and may effectively prevent the population from gene
fixations. But the above parameters of stocks B and C manifested inbreeding depression.
In these stocks the equilibrium could be unstable.

Several studies have demonstrated that small natural populations of wild
Mus musculus do possess large amounts of  genetic variability (Dunn et al. 1960,
Braden 1960, Dunn 1967). It could be suggested that natural selection favours
heterozygosity (Hamilton et Helstrom 1978). The role played by “heterozy-
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gote selection” in maintaining genetic variability of natural populations was often
discussed, and the resulting controversy has contributed substantially to the popula-

tion genetics theory and experimentation (Cain and Sheppard 1954, Dobzhan sky
1955, Falconer 1960a, Krzanowska 1974, Musialek 1980, 1982, in press).

It is difficult to determine directly the effect of heterozygote advantage because
of a variety of obstacles complicating factors, e.g: linkage of alleles potentialy fa-
vored by selection, the environmental specificity of any selection advantage and
other problems discussed by Barry (1978).

In order to examine quantitatively heterozygote advantage many authors
used systematic inbreeding as an indirect method. Performance of populations.
undergoing systematic inbreeding enables one to compare theoretical and real
inbreeding coefficients. If natural selection favours heterozygotes at individual loci
then the rate of homozygote production should be lower than that predicted by
the theocretical inbreeding coefficient F (Wright 1965). ,

Experiments with populations having known inbreeding coefficients (Connor
and Bellucei 1979) showed that effects of inbreeding were delayed in comparison
with those which could appear normally, and there was no selection for heterozy-
gotes. The above authors call this situation a “selection inbreeding equilibrium’
model, since selection and inbreeding occur simultaneously and produce opposite
effects. |

It has been shown that when the population is large this equilibrium may be
stable. A stable equilibrium occurs when balancing selection is sufficiently large.
On the other hand, when balancing selection are weak in relation to inbreeding in
large population, or if breeding populations are small, “‘unstable equilibrium” results,
gene fixation possibly occurs but it is delayed in relation to an unselected popula-
tion with the same inbreeding intensity (Connor et Bellucci 1979).

In the previous investigations on laboratory mice (Musialek 1980, 1982, in
press) we tried to establish the minimal size of a closed population which still pre-
vents the occurrence of inbreeding depression, with respect to fertility and fecundity.

It was shown that after previous elimination of genetic load from the initial
material, even a population consisting of 6 or 4 pairs equally represented in each
generation, was adequate to maintain fertility and fecundity parameters at a fairly
constant level. The only sign of depression was lengthening of the time lapse between
mating and delivery. In a population consisting of 10 pairs the fertility and viability
was preserved for 25 generations at the level of the foundation stock. Falconer
(1960b) and Krzanowska (1974) demonstrated a similar phenomenon with res-
pect to litter size. It seems that in populations consisting of 10 pairs (N,=40) the
equilibrium coull be stable.

The aim of the present study was to determine the role of heterozygote selec-
tion in preserving the following parameters: lifetime, fertility throughout the whole:
life, mean number of litters, mean litter size at birth, mortality during the first &
weeks of life. To reveal the influence of population size, three closed stock of mouse
were used: A (10 pairs), B (6 pairs) and C (4 pairs).
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MATERIAL AND METHOD

Three closed stocks of mouse A, B and C were used. They originated from crosses.
of four inbred strains, and were bred with maximal avoidance of inbreeding, every
family being equally represented in each generation (Musialek 1980). The used expe-
rimental design gave the lowest homozygosity rise to be obtained with a given
number of individuals.

Experimental mice from the stock A (10 pairs, N,=40) belonged to generations
Fyy - Fys, and had the theoretical inbreeding coefficient 0.25 - 0.27. Mice from the
stock B (6 pairs, N,=24) were from generations F,; and F,,, and reached the theo-
reticaly calculated inbreeding coefficient 0.40 - 0.43, and mice from the stock C
(4 pairs, N,=10) were of generations F,; - F,; with the inbreeding coefficient
0.51 - 0.56.

Virgin females, 7 - 8 week old and mature males were used. Females were
paired with males from the same stock. All young were eliminated on the first day
after birth, except one experiment when the young were kept till the 8-th week
of life.

The experimental material consisted of 32 pairs from the stock A, 21 pairs from
the stock B and 32 pairs from the stock C. The following parameters were examined:
1) lifetime of females, 2) reproductive period in days (throughout the whole life of
females, 3) number of litters, 4) number of the young, 5) litter size in successive
generations, 6) mortality of the young from birth until the 8th week of life, 7) age of
females on the day of delivery, 8) time interval between mating and delivery.
Differences in above parameters between experimental stocks were examined
using the Student’s ¢-test.

RESULTS

The mean lifetime (Table 1) was calculated only for females because males in
most cases survived longer (Roberts 1961). Females from the stock A showed
the longest mean lifetime averaging 489,56 days (range 845 - 221 days). Females
from the stock B lived on average 412.01 days (726 - 141), and females from the stock
C — 424.78 days (652 - 99). Differences in lifetime between mice from the stocks
A and B or C were significant (p<<0.05). |

The mean reproductivity period of females (Table l) was calculated as the num-
ber of days from pairing till delivery of the last litter. This period was the longest
for females A and average 325.47 days (range 725 - 161); for females B it was only
263.33 days (525 - 91), and for females from the stock C — 270.66 (508 - 68). Differ-
ences in the reproductive period between females A and B (p<<0.05), and between
females A and V (p<0.05) were significant.

The mean number of litters per female (Table 1) was the highest in the stock
A: x=9,31 (range 17 - 5). Females B and € had a smaller mean number of litters:
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Table 1. Lifetime and fertility parameters of females from stocks A (10 pairs), B (6 pairs) and

C (4 pairs).
‘ A (32)! B (21) C (32) Significance of
Parameter investigated ‘ differences bet-
. x | +£sd |CV| x | #£sd |[CV| x | £sd |CV| weenstocks
Lifetime A—-C p<0.05
(days) 489.56| +149.9 | 30.6| 412.09| £-168.3 | 40.8/424.78| +166.1 {39.1| A — B »p<0.05
C — B N.S.
Period of | A —C p<0.05
fertility 325.47| +112.8 | 34.5|263.33| +-121.9 | 46.3| 270.66| +118.0 |43.6) A — B p<0.05
(days) C — B N.S.
& from pairing A —-C p<0.05
-g till first 28.03( + 13.9 |49.7| 35.24| + 16.5 {46.7| 34.69| + 21.6 |62.2| A — B p=0.10
E " litter B — C N.S.
- % | between two A—-C»p=0.10
s : last litters? 37.58| + 13.5 | 36.1| 36.95| = 21.9 |59.4| 45.41| + 23.1 |50.9| A — B N.S.
= 35 B — C N.S.
A - C »p<0.001
Mean number of litters per female 931+ 2.9 (317 7.0|+ 2.8 [40.6] 6.44/ + 2.3 (357 A—- B p<0.01
C — B N.S.
A - C p<0.05
Mean number of young per female 52.59 = 13.9 | 26.5| 44.52| & 20.1 |45.1| 44.47| + 15.9 |35.9| A — B p=0.10
C — B N.S.

1 in parentheses the number of pairs mated originally
? the last litter was 17th in stock A, 14th in B and 10th in C.

X=7.0 (range 14 - 3) and xXx=6.44 (10 - 2), respectively. Significant differences
appeared only between the stocks A and C (p<<0.001) and A and B (p<<0.01).

The mean number of young per female (Table 1) was also higher in the stock A
(X=52.59 range 78 - 28) than in the stock B (x=44.52, 94 - 17) or C (x=44.47,
73 - 11). Significant differences were found only between A and C (p<0.05).

The mean time interval between mating and the first delivery (Table 1) was
lower in the stock A (X=28.0 days) than in the stock B (x=35.2 days) or C (x=34.7
days). Significant differences were found only between the stocks A and C (p<<0.05).

The mean number of days between the last two deliveries (Table 1) was the
largest in stock C (X=45.41 days) than in B (36.95) or "A (37.55). However, the
differences were not significant. It should be stressed that the last litter was the
17th for the stock A, the 14th for B and 10th for C.

Tables 2, 3 and 4 show the mean age of mothers from A, B and C stocks at the
birth of successive litters. Almost each mother A was younger than mothers from
the stocks B and C at successive delivery. For example: at the birth of 10th suc-
cessive litter the mean age of mothers from stock A was 385.12 days whereas that
of mothers from stock B — 403.33 days and that of mothers from stock C — 432.33
days. '

Fecundity calculated as the litter size in successive litters was the lowest in stock
A (Table 2) and decreased after 6th litter in which the mean number of young was
6.41. The stock B (Table 3) and particularly the stock C (Table 4) showed higher
fecundity. Frequently differences in the litter size of respective litters were sta-



Table 2. Mean litter size and age of mother at birth of successi ve litters in stock A

Age of mother (days) Litter size Significance of diffe-
Successive No. of _ Per cent of lit- | rences between sto-
litters pairs x +sd Ccv X +sd (A" ters size=8 cks A —- C
: (litter size)

1 32 87.56| +11.4 13.0 | 6.22 +2.44 39.2 22.6 t=2.41 p<0.02
2 32 123.03 20.7 16.8 | 5.94 2.39 40.2 37.9 t=1.98 »p<0.05
3 32 158.53 31.7 20.0 7.44 2.60 34.9 44.8 N.S.
4 32 192.63 34.9 18.0 | 5.90 2.35 39.8 31.0 t=3.47 p<0.001
b 32 225.63 35.4 15.7 6.81 2.96 434 | 48.3 N.S.
6 29 259.76 41.4 15.9 | 6.41 2.44 38.0 50.0 N.S.
7 26 204.19 45.6 15.5 | 4.92 2.15 43.7 18.2 t=2.30 p<0.02
8 23 322.0 51.8 16.1 4.61 2.10 45.5 5.3 N.S.
9 17 351.71 53.8 15.3 3.23 1.77 54.7 0 t=4.71 p<0.001

10 14 383.12 76.9 20.1 4.28 2.25 52.6 0

11 10 423,60 86.3 20.3 | 3.82 2.16 56.5 12.5

12 8 438.12 91.2 20.8 | 4.0 2.50- 62.5 0

13 6 1447.33 25.6 5.7 2.50 0.96 38.4 0

14 2 468.50 3.67 2.49 67.8 0

15 2 508.50 1.0

16 1 496 2

17 1 { 527 2

Table 3. Mean litter size and age of mother at birth of successive litters in stock B

Age of mother Litter size Significance of diffe-
. : - Per cent of
Successive No. of paite B a litters rences between
litters +sd Cv X +sd Ccv . stocks A — B
Size = 8 : g
| J (litter size)
1 21 99.52 24.4 24.6 | 7.66 2,69 | 35.1 52.4 t=1.97 p<0.05
2 21 141.95 40.0 28.2 | 7.38 3.03 41.0 47.6 t=1.9 p<0.05
3 21 178.14 42.01 23.6 | 6.43 2.08 32,3 3373 N.S.
4 19 207.68 35.18 16.9 | 6.79 2.37 34.9 31.6 N.S.
b 16 238.50 42.23 17.7 | 5.0 2.15 43.0 25.0 t=2.13 p<0.01
6 13 273.23 62.92 23.0 | 5.92 2.02 34.1 15.4 N.S.
7 13 316.46 72.82 23.0 | 6.07 2.78 45.7 38.5 N.S.
8 10 1 865.80 82.79 22.6 | 6.40 2.01 31.4 20.0 =272 p<0.02
9 5 397.80 98.82 248 | 5.0 1.79 35.8 0
10 3 403.33 43.08 10.7 | 6.33 33.3
11 3 439.66 53.19 12.1 | 6.0
12 1 411 2
i3 1 449 7
14 i 498 4

" Table 4. Mean litter size and age of mother at birth of successive litters in stock C

Age of mother Litter size Significance of diffe-
: Per cent of
Successive N f pairs litters rences between
litters R I +sd | OV | X tsd | CV e stocks C — B
gize = 8
(litter size)
1 32 95.81 20.9 21.9 | 7.62 2.10 27.5 50 N.S.
2 32 137.72 33.5 24.3 | 741 3.33 44.9 46 N.S.
3 29 172.79 383.8- 19.5 | 7.45 2.39 32.0 48 N.S.
4 27 204.25 35.75 175 | 7.70 2.49 32.3 44 N.S.
5 26 241.84 39.12 16.2 | b5.61 2.63. 46.9 23 N.S.
6 21 287.81 59.17 20.56 | 6.24 1.99 31.9 24 N.S.
7 17 301.30 81.32 22.5 | 6.65 2.62 39.6 47 N.S.
8 10 378.40 58.73 15.5 | 5.70 3.32 58.2 20 N.S.
9 8 410.25 60.89 14.8 | 6.75 1.48 21.9 25 N.S.
10 3 432.33 35.44 8.2 | 6.67 1.70 25.5 33 N.S.
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tistically significant (Table 2, 3 and 4). In the stock A the percentage of litters
containing 8 or more young dropped rapidly after the 6th litter, while in stock C
it remained at a high level till the end of the reproductive period.

The young from ten pairs of the stocks A, B and C were kept (3 females, 3 males)
from birth until the 8th week. The mortality in the stock C was 33.3%, and in the
stock B — 30.6%,, when calculated from birth until eight weeks. In the stock A
the mortality was very low amounting to 89%,.

DISCUSSION

The fact that after many generations, important parameters connected with
viability and fertility are only slightly lower than those of the heterozygous basic
populations, may indicate that the population in spite of the theoretically increasing
inbreeding coefficient is less homozygous than could be expected. This might be
due to a simultaneous action of inbreeding and selection favouring heterozygosity,
which could result in a ,selection inbreeding equilibrium”. This equilibrium may
be stable when a population is large enough (Conner and Bellucci 1979) and
may effectively prevent the population from gene fixations. The fitness of members
of such a population is not lowered and the overall heterozygosity may be rela-
tively high for many generations (Krzanowska 1974, Musialek 1980, 1982).

The results of the present study indicate that stable equilibrium was reached
only in the stock A, each generation of which consisted of 10 pairs (N ,=40). When
compared with the stocks B and C, the stock A showed significantly higher values
the of following parameters: 1) lifetime; 2) length of the reproductive period; 3) num-
ber of litters per female; 4) litter size. Stock A also showed a lower mortality of the
young from birth till the age of 8 weeks. The fact, that in respect to the measured
characteristics the two stocks B and C (with generations consisting of 6 and 4
pairs, N,=24 and N,=16, respectively) performed worse than did the stock A,
suggests that the selection most probably could not prevent the rise of homo-
zygosity. So, after 20 generations the results of increased homozygosity were
apparent in the stocks B and C. It seems, however, that even during the strongest
inbreeding (sibmating) selection favouring heterozygosity is unavoidable (Connor
and Bellucci 1979). The stocks A and C differed significantly in the mean rejec-
tion time of skin transplants (x=27 and x=90) days, respectively: (Musialek
unpublished data), which indicates clearly that these two stocks differed in the
amoun’ of homozygosity. At the same time, the females from the stocks B and C
showed a longer time interval between mating and delivery than did females from
the stock A. Consequently, females from the two former stocks were always older
at the time of delivery than females from the stock A. It means that females from
the stocks B and C were much less fertile than females from the stock A. This
lower fertility could be either a result of irregularity of sex cycles — a common
feature in inbred lines, where females could not be stimulated effectively by males
or by the lower libido of males (Musialek in press). It can be believed that some
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alleles lowering the overall fitness could be fixed in small populations B and C,
after several years of breeding.

Overall fitness depends not only on the number of ‘progenies produced (which
in fact was low in the stocks B and C), but also on the number of progenies, which
survived till the reproduction age (Roberts 1961). The stocks B and C again
showed a much higher mortality of the young between the birth and reproduction
age (8 weeks) than did the stock A. Unexpectedly, the number of the young in a
litter was often higher in the stock B and C than’in the stock A, and what more,
both males and females in the stocks B-and C were significantly (p<<0.001) heavier
at the age of 8 weeks than animals of both sexes at the same age from the stock A
(Musiatek — unpublished data). It is known that the litter size depends on many
factors including the number of ovulated eggs. Since the number of ovulated eggs
depends on the body weight and is not influenced by inbreeding depression in mice
(Falconer 1960b, Roberts 1960), large litters in the stock C might be a result
of a higher body weight in this group.

The results indicate that after 20 generations of breeding in small group (stock C),
in spite of a clear evidence of inbreeding depression, the amount of homozygosity
reached after 6 years of inbreeding was not as high as could be expected theoretic-
ally (the expected value of the inbreeding coefficient in the stock C should range
from 519, to 569%). This is true also for the stock C, which consisted of the smallest
possible number of animals can be bred without sibmating and in which even such
a good indicator of inbreeding depression as the time interval between mating and
delivery, has not changed much after 20 generations of breeding (Musialek 1980).
This can be explained only by the action of selection favouring heterozygosity.

The results of the investigations on both natural and experimental populations
strongly suggested that selection favouring heterozygosity is a widespread pheno-
menon, which can effectively act as a mechanism preventing small isolated popula-
tions from genetic impoverishment due to inbreeding.
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DLUGOSC ZYCIA, PLODNOSC I PLENNOSC MYSZY W MALYCH POPULACJACH
KOJARZONYCH Z MAKSYMALNYM UNIKANIEM WSOBNOSCI

Streszczenie

Material doéwiadezalny stanowily trzy zamkniete stada myszy wyprowadzone z poczwér-
nego krzyzowania 4 szczepéw wsobnych (KE, KP, CBA i C;;), hodowane z maksymalnym uni-
kaniem wsobnoéci, przy jednakowej reprezentacji rodzin w kazdym pokoleniu. Myszy ze stada
A (10 par, N.=40) nalezaly do pokolenia F,; - Fy; i ich teoretyeznie obliczony wsp6lczynnik
wsobnosci wynosil 25,2 - 27,19,: myszy ze stada B (6 par, N.=24) nalezaly do pokolenia F,
i F,,, wspOlczynnik wsobnosci 40,4 - 42,7%: myszy ze stada C (4 pary, N.=16) do pokolenia
Fy, - Fy wspblezynnik wsobnosei 51,5 - 55,9%,.

Samice ze stada A charakteryzowaly si¢ najwyzsza Srednia dlugoscig zycia (x=489,6 dni),
za$ najnizsza, samice ze stada C (x=444,7 dni). Podobnie samice A odznaczaly si¢ najdluzszym
okresem reprodukeji (x = 325,5 dni), najkrétszym samice Bi C (x=270,7 dni). Samice A urodzily
najwigkszg liczbe miotéw (x=9,31) i potomstwa na jedna samice (x=52,59), samice C — naj-
nizszg liczbe i miotéw (x=6,4) 1 potomstwa (x=44,5).

Czas od skojarzenia do wykotu byl najkrétszy u samic A (x=28,0), najdluzszy u samic C
(x=34,7 dni).

Wiek matek w dniu urodzenia poszczegélnych miotéw byt najnizszy u matek ze stada A.

Natomiast plenno$é samic zwlaszcza w konicowych miotach okazala si¢ w stadzie C wyzsza
niz w stadzie A.

Najwyzszg $miertelnosé mlodych zanotowano w stadzie B i C. Powyzsze wyniki sugeruja,
ze w stadzie A (10 par) wystepowala ,,réwnowaga stala’ w ktérej nie ujawnily sig skutki dziala-
nia chowu wsobnego, gdyz byl on w kazdym pokoleniu réwnowazony nadwyzks selekcyjna
heterozygot. Natomiast w stadach B (6 par) i C (4 pary) widaé bylo wyraznie skutki poglebia-
jacej sie wsobnosci, érednie warto$ci prawie wszystkich analizowanych parametréw byly nizsze
w poréwnaniu ze stadem A. Musiala wige wystgpowaé tu ,,réwnowaga niestala’.

TIPOOOIKUTEJIBHOCTh XW3HU, IIJIOJOPOJHOCTh U IINIOJOBUTOCTDH MBIIIENA
B HEBOJIBIIUX TIOIIVJISINNAX, CIAPUBAEMBIX ITPY1 MAKCUMAJIBHOM M3BEXAHUN
UHBPEOVHI A

Pe3momMe

DKCIEprMEHTAJbHBI MaTePHall COCTAB/UIM TPH CTala MbIMIEH, BbIBEACHHbIC M3 ETHIPEXKPATHOTO
cxpeumuBasws 4-x uH6penusix smanit (KE, KP, CBA u Cs) 1 BbIpaieHHbIe IPY MAKCHMAaIbHOM n30exasud
MHEGpeUHTa, NpAYEM KaXIoe MOKOJEHME ObUIO NPENCTABICHO OJUHAKOBBIM YHCIOM ceMeil. Mbimy H3
craga A (10 map, N.=40) npEHaaiexamd K NOKOJEHHIO Fz3-F,s B HX TCOPETHYECKA BBIYACJICHHBIA
xo3ddurenT mHOpemMHTa cocTaBsn 25,2 - 27,1%;; Mbuma u3 craga B (6 map, N.=24) nprHaJIexKaIH
K NOKOJIEHEIO F,s u F,q, K0dhdumuent mEOpemunra cocrasisn 40,4 - 42,79;; mpmm w3 craga C @4
mapsi, N,=16) npuHaznexamd x nokoieHuio F,3-F,¢ , K0dbduIHEHT MHOpeAuHra COCTaBJIAL 51,5 -
- 55,9%.

CaMxa u3 cTafa A XapakTepru30BAIMCh HAMBBICIICH CPEMHEH NPOJO/DKATEIbHOCTHIO KA3HH (x=489,6
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IHei), a camku u3 ctaga C (x=444,8 nueil) — HauHu3mel. CaMKH A OTJIRYANIUCh CAMBIM ﬂonrm;r nepuo-
oM penpoaykuuu (x=270,7 nxeit). Camkun A-umenu camoe Gonbinoe yucio noMeTos (x=9,31) m noTo-
MCTBa Ha OAHY caMKky (x=44,5). "

CaMoe KOpOTKOe BpeMs OT CHapuBaHUsA 10 OKOTOB 6bl1 y caMok A (x=28,0), a camoe nonroe —
y camok C (x=34,7 mus). .

Bo3spact MaToOk B ieHb POXIAEHUS OTHEJILHBIX MOMETOB OblJI HAMHU3ILHEI Y MaTOK cTana A.

Onnaxo, MONOBUTOCTE MAaTOK, OCOOEHHO B HOCJIEAHMX MOMETaX Oka3ajach Bbicmel B craze C,ueM
B cTaze A. '

HauBricIuas cMepTenbHOCTH MOJIOABIX Obiia oTMeYeHa B cragax B u C.

BrimeynoMsiHy1ble pe3ynbTaThl O3BOJISIFOT NPEANOJIOXATE, YTO B cTaae A (10 map) BRICTynaso ,,Io-
CTOSIHHO€ PaBHOBECHE’’, B KOTOPOM HE OTPA3MJIUCh Pe3YJIbTaThl MHOpeIWHIa, TaK KaK B KaXOO0M ITOKOJICHAHA
OH ypaBHOBEIIUBAJICA CEJIEKUMOHHBIM M3JIMILKOM Ie€Tepo3uroT. 3aTo B cragax B (6 map) u C (4 mapsl)
pe3yNbTaThl YCMJIMBAIOIIETOCss MHOpenMHTa OBUIM OTYETJIIMBO BHIHLI: CpPeHME 3HAYEHMS IIOYTH BCEX
aHATTM3MPOBAHHBIX NapaMETPOB OBUIM HUCIOHE IO CPABHEHHUIO CO CTamoM A. 31ech, CIeA0BaTENLHO, AOJ-
)KHO OBUIO BBICTYNATh ,,paBHOBECHE HEMOCTOSHHOE”.



