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COMPARATIVE ANALYSIS OF THE BLUP-ESTIMATES OF SERVICING BULLS BY THE
EXTERIOR OF DAUGHTERS AND THEIR INDICES BY THE OFFICIAL INSTRUCTIONS
(LINEAR ASSESSMENT SYSTEM)

Abstract. Currently, in selection and breeding dairy cattle, it is becoming increasingly important to
evaluate bulls by the quality of the offspring, including the type of body built of daughters, namely the level
of genetic variability in the general phenotypic variability of linear exterior parameters.

In this aspect, one of the trend directions is the determination of the reliable breeding value of bulls by the
method of the best linear unbiased forecast (BLUP). Studies to determine the genetic qualities of servicing
bulls were carried out in the conditions of a population of Black-and-white cattle in the Moscow region.
46548 animals of first-calf cows, daughters of 290 servicing bulls, were evaluated based on the analysis of
data from the Mosplem in form Regional Information and Selection Center for Pedigree Livestock Breeding
of the Moscow Region. Linear profiles of servicing bulls were constructed by the type of body built of
daughters, by finding the difference between the average value of 18 exterior parameters of the daughters of
a bull and the average values of the exterior parameters of all evaluated bulls, expressed in fractions of the
root-mean-square deviation. Comparison of the results of bulls’ estimation by the conformation of daughters
based on the official system and the BLUP method showed that the discrepancies in the assessments for all
scientific indicators of the conformation vary within 7-28%. Consequently, the best bulls assessed by the
BLUP method may well have not the best results as judged by the official guidelines.

Significant differences in individual indicators for assessing each parameter clearly confirm the assumption
about the error in using the official instructions for assessing the breeding qualities of servicing bulls based on
the exterior indicators of daughters, which represent a «distortion» of estimates in the selection of producers.
The “losses” of reliable estimates are in the range of 12-30%.

Key words: exterior, linear body built assessment, transmitting ability, mixed models, best linear unbiased
forecast (BLUP), canonical correlation, rank correlation, breeding value.

Introduction. The basis for the intensification of the dairy cattle breeding industry is an increase in
the level of selective and breeding work. The efficiency of breeding, in turn, depends on the accuracy of
determining and predicting the genetic potential of animals, which is the most important task in the breeding
process as a whole [1, 2, 3].

In countries with developed animal husbandry (USA, Canada, Germany, the Netherlands, etc.), procedures
of mixed linear models optimized through minimizing the variance of the error (BLUP methodology) are
widely used [4].

Numerous studies [4 -10] have proved that the estimates calculated by the BLUP-procedure differ in
greater accuracy and reliability of the forecast since the method itself is based on the principle of maximizing
the relationship between producers’ estimates for the characteristics under consideration.

At this stage of estimating the breeding value, the assessment of bulls according to the body type of
daughters becomes more and more important, which correlates to the greatest extent with the duration of the
use of broods tock in populations, and, consequently, with the efficiency of milk production, both in breeding
and commercial farms [12].

The official system of exterior description of servicing bulls by offspring provides for a direct comparison
of their daughters with their mates (‘“daughters-mates”).
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The effectiveness of the application of assessments according to the 9-point system (linear estimation
system) allows us to consider in detail the genetic value of the tested bull for each indicator of the daughters’
conformation, i.e. «to consider» each specific breeding trait [13].

The efficiency of the BLUP methodinasses singser vicing bullsallow smore efficientuse of allavailable
information about first-cal the ifersin the animal population while eliminating the in fluence of paratypical
factors that reliablymk the truegeneticvalue of in dividualsin the phenotype. This fully applies to the stage of
assessing bulls by the conformation indicators of daughters.

In this regard, research was done, the purpose of which wastocompare there sults of evaluating bulls by
the exterior of daughters base don the official system and the BLUP method.

Research methodology and materials. The studies were carried out at the population level of Black-and-
white cattle in the Moscow region.

The formation of a database on the exterior parameters of first-calf cows was performed based on data
analysis from the Mosplem in form Regional Information and Breeding Center of Pedigree Livestock
Breeding of the Moscow Region.

Individual exterior assessment of first-calf heifers following the «Regulations for body assessment of
daughters of dairy and meat breeds» (M., 1996) [11], approved by the Ministry of Agriculture of Russia, the
Department of Livestock and Pedigree works, was carried out by the breeders of Moskovskoe OJSC, which
had an official classification in this professional area.

When analyzing and calculating the assessment of servicing bulls by the BLUP methodology according to
the exterior parameters of the daughters, we used the mathematical apparatus for constructing equations of a
mixed type, calculated in the Mospleminform according to officially approved algorithms.

The structure of the input dataset of the formed base was developed. The number of animals counted
according to the selected data (assessment period, livestock, breeding farms, breed) amounted to 46548
animals of first-calf cows, daughters of 290 servicing bulls, assessed by body type in 96 farms, for the period
from 1996 to 2016 (Table 1).

Table 1 - The structure of the input dataset of the sample of the first-calf heifers exterior for assessing the
breeding value of servicing bulls

Sample parameter Value
Numberofrecords 46548
Number of effects (herd-year-season) 759
Numberofservicingbulls 290

As paratypic factors included in the BLUP model, the following were used: “herd-year-season” exterior
assessment of animals, the age of the first-calf heifers during the assessment. All first-calf heifers were kept
with unequal distribution in different farms that represent an uneven complex of genetic information, subject
to a significant influence of various paratypic factors, determined by the gradations of the herd-year-season
effect.

The assessment was based using the mixed model equation:

y=pu+rHYS+bA+e,

where, y — indicator of the exterior assessment of the daughters of the bull (in points);

L — population constant;

HYS — fixed effect «herd-year-seasony;

A — the age of the daughter’s exterior assessment (days);

b, — regression coefficient of the exterior assessment indicator for the daughter’s age;

e — residual effect [6].

Research results and discussion. By the estimated breeding value based on the BLUP methodology, and
the genetic assessments of the breeding traits of servicing bulls obtained by solving the BLUP model equation
for all breeding traits, the values of the indicators of their total breeding value were calculated according to
the considered traits of their daughters.

As a result, linear profiles of servicing bulls were constructed according to the body built of daughters
based on the optimized BLUP equation at the population level of management in the Moscow region.

To construct linear profiles of servicing bulls, the average transmitting capacity of the bull was calculated
by finding the difference between the average value of 18 exterior parameters of the daughters of the bull and
the average values of the exterior parameters of all evaluated bulls, expressed in fractions of the root-mean-
square deviation.

80



Reports of the Academy of Sciences of the Republic of Kazakhstan

The general description of the results of the linear system for assessing bulls according to the body built
of daughters, calculated using the BLUP methodology and according to the official assessment system, are
shown in Table 2.

The research results, first of all, draw attention to significant differences in the indicators of the variability
of bulls’ estimates according to the official methodology and the BLUP method. If the bulls’ estimates for
individual parameters of the daughters’ exterior based on the use of the BLUP method varied in the range of
5-6 standard deviations (from 4.9216 to 6.5035) and had minimum values at the level (-2.56) - (-3.30), then
bulls’ estimates provided by the official instructions varied within 0-3 standard deviations (from 0.024c to
2.6830), with minimum values at the level of (-0.015) - (-1.354c). These results of assessments according to
the official instructions significantly limit the gradations of estimates of the tested individuals.

It is characteristic that, according to all scientific canons, quantitative traits in biology should correspond
to the so-called «normal distribution», one of the main properties of which is that 99.8% of individuals in the
population should have the studied indicators within +3c. This is fully satisfied by the BLUP assessment of
bulls, and the official assessment of the “daughter-mates” is less than half of the existing genotype diversity
in the population. From a practical point of view, such a situation leads to the fact that the use of the results of
the official instructions, in fact, levels out the differences in the indices of the breeding value of the estimated
animals according to individual parameters of the daughters’ exterior, that significantly complicates the
formation of parental pairs in the individual selection of a servicing bull (an enhancer in terms of the exterior
parameter) to the uterus, whose exterior parameter is desirable to correct in the offspring.

Table 2 - Comparative characteristics of the results of the linear assessment of bulls according to the body
built of daughters based on the BLUP methodology and the official assessment system

BLUP Official system
No Parameters limit (o) limit (o)
min max | amplitude | min max | amplitude
1 | Height, cm -2.524 | +2.410 4.934 -0.015 | +0.009 0.024
2 | Bodydepth -2.846 | +3.162 6.008 -0.940 | +0.683 1.623
3 | Pelvisposition -2.611 | +2.310 4.921 -0.838 | +0.622 1.460
4 | Pelviswidth -2.460 | +2.907 5.367 -1.030 | +0.598 1.628
5 | Hind leg position (side view) -3.416 | +3.022 6.438 -1.354 | +0.833 2.187
6 | Hoofangle -2.530 | +2.846 5.376 -0.638 | +0.591 1.229
7 | Hind leg position (back view) -3.003 | +3.527 6.530 -0.656 | +1.028 1.684
8 | Attachment of the front udder lobes | -2.843 | +2.397 5.240 -0.849 | +0.447 1.296
g | Heightofattachment oftherear 1 ) ¢/ | 15530 | 5376 | -0.723 | +0.539 | 1262
udder lobes
10 | Uddercleft -2.846 | +3.392 6.238 -0.697 | +0.928 1.625
11 | Udderbottomposition -2.907 | +2.907 5.814 -1.219 | +1.464 2.683
12 | Frontnipplesposition -2.297 | +2.907 5.204 -0.796 | +0.823 1.619
13 | Frontnipplelength -2.191 | +3.104 5.295 -0.751 | +0.875 1.626
14 | The strength of the body built -3.002 | +2.550 | 5..552 -0.647 | +0.534 1.181
15 | Milktype -2.576 | +2.725 5.301 -0.896 | +0.849 1.745
16 | Frontudderlobes’length -3.389 | +2.356 5.745 -0.835 | +0.469 1.304
17 | Hockjoint (backview) -3.268 | +2.354 5.622 -0.661 | +0.550 1.211

To assess the «coincidence» of the results of calculating the indices of the breeding value of servicing bulls
obtained based on the compared methods, table 3 was formed.
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Table 3 - The results of the «coincidence» (discrepancy) of the bulls’ estimates for the exterior parameters
of daughters (9-point system) based on the official instructions and BLUP-methodology

discrepancyofestimates
Parameter 1 <0,50 0,56 </I> 1o lo </> 20 26 <J[ Changeddirectiontrends
n,animal | % |n,animal| % |n,animal| % |n, animal| % | n, animal %
Height 194 74,3 36 13,8 26 10,0 5 1,9 71 27,2
BD 193 73,9 31 11,9 32 12,3 5 1,9 26 10,0
PP 197 75,5 50 19,2 13 5,0 1 0,4 38 14,6
PW 205 78,5 39 14,9 17 6,5 - - 20 7,7
HLPsv 198 75,9 37 14,2 23 8.8 3 1,1 49 18,8
HA 195 74,7 30 11,5 33 12,6 3 1,1 42 16,1
HLPbv 173 66,3 36 13,8 46 17,6 6 2,3 48 18,4
AFUL 191 73,2 37 14,2 28 10,7 5 1,9 50 19,2
HARUL 187 71,6 45 17,2 24 9,2 5 1,9 34 13,0
ucC 189 72,4 36 13,8 29 11,1 7 2,7 49 18,8
UBP 203 77,8 34 13,0 21 8,0 3 1,1 24 9,2
FNP 198 75,9 42 16,1 21 8,0 - - 32 12,3
FNL 211 80,8 35 13,4 15 5,7 - - 28 10,7
SBB 184 70,5 39 14,9 33 12,6 5 1,9 52 19,9
MT 205 78,5 40 15,3 16 6,1 - - 49 18,8
FULL 193 73,9 31 11,9 34 13,0 3 1,1 50 19,2
Hlbv 179 68,6 43 16,5 36 13,8 3 1,1 40 15,3

Notes: BD— body depth; PP — pelvis position; PW — pelvis width; HLPsv — hindlegposition (sideview);
HA —hoof angle; HLPbv — hindleg position (backview); AFUL — Attachment of the frontudderlobes; HARUL
— Height of attachment of the rearudderlobes; UC — uddercleft; UBP — udder bottom position; FNP — front
nipples position; FNL — front nipple length; SBB — the strength of the body built; MT — milk type; FULL —
front udder lobes’ length; HJbv — hock joint (back view).

The results of the «coincidence» (discrepancy) of estimates showed that the discrepancies between the
compared assessment systems (the official system and the BLUP methodology), which changed the direction
of evaluation (from negative to positive or vice versa), the largest number of animals belonged to the
parameter «Height» (27.2%), the smallest number by to the «Pelvic width» parameter (7.7%) and «Udder
bottom position» (9.2%), for the rest of the parameters the number varied on average within the range from
9.2% to 19.9%. Of these, across the entire group, the difference in estimates by 0.5c was attributed on average
- 74.3% of animals, from 0.5¢ to 1o - 37.7%, from 16 to 206 - 10.1%, more than 26 - 1.6 % of animals, i.e.
there are ambiguous results for the estimation of bulls, obtained by the compared methods. Consequently,
the best bulls evaluated by the BLUP method may well have not the best estimation results according to the
official system, the losses of the best animals vary within 7-28%, which negatively affects the quality of
selection when organizing the estimation of bulls according to the exterior parameter of daughters.

To identify the presence of a relationship between the indices of bulls assessed by the body type of
daughters provided by the official system of a 9-point scale, the results of their relationship were compared
with the BLUP assessments (Table 4).

Table 4 — Values of canonical (by Pearson) andrank (by Spearman) correlation for the compared
methodologies (official system, BLUP equation).

Parameters Correlationcoefficient
bySpearman byPearson
Height, cm +0.737 +0.745
Bodydepth +0.813 +0.810
Pelvisposition +0.888 +0.887
Pelviswidth +0.849 +0.841
Hind leg position (side view) +0.819 +0.816
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Hoofangle +0.710 +0.712
Hind leg position (back view) +0.801 +0.765
Attachment of the front udder lobes +0.808 +0.791
Height of attachment of the rear udder lobes +0.803 +0.801
Uddercleft +0.774 +0.773
Udderbottomposition +0.842 +0.805
Frontnipplesposition +0.864 +0.850
Frontnipplelength +0.871 +0.878
The strength of the body built +0.772 +0.759
Milktype +0.803 +0.784
Frontudderlobes’length +0.811 +0.791
Hockjoint (backview) +0.781 +0.759

The results of the data on the value of the relation between estimates, both according to Spearman (rank)
and Pearson (canonical) correlation, indicate a positive ratio between estimates at the level (r=+0.710) - (r =
+0.888) and had small differences for both methodologies ( from —0.008 to +0.037), with high reliability of
all indicators at P>0.999. It should be noted that to a large extent, the obtained values have a rather large error
in the selection of servicing bulls, the «losses» from the application of the official system are in the range of
12-30%.

The bulls (AMARANT-462, ALMANAKH-5092, and MOLNAR-8316) are given as an example, having
estimates according to the compared methodologies (official, BLUP equation) (Table 5).

Table 5 - Comparative analysis of bull estimates according to compared methodologies (official instruction,
BLUP equation)

Estimates of servicing bulls (o)
Parameters AMARANT - ALMANAKH - MOLNAR
462 5092 -831699

Ol BLUP Ol BLUP Ol BLUP
Height, cm 0.005 | -0.404 | 0.002 | -0.126 | -0.002 | 0.578
Bodydepth 0427 | 0.632 | 0.248 | 0.632 | -0.034 | 0.316
Pelvisposition 0.446 | -0.268 | -0.056 | -0.485 | -0.192 | 0.033
Pelviswidth -0.419 | -0.671 | 0.005 | -0.224 | -0.161 | -0.447
Hind leg position (side view) -0.142 | 0.879 | -0.049 | 0.209 | -0.154 | 0.377
Hoofangle -0.264 | -2.530 | -0.164 | -0.632 | -0.224 | 1.581
Hind leg position (back view) 0.160 | -1.257 | 0.029 | -1.083 | -0.138 | -1.013
Attachment of the front udder lobes 0.338 0.265 | -0.288 | -0.790 | 0.168 | 0.530
Height of attachment of the rear udder lobes -0.206 | -2.530 | 0.329 | 0.632 | -0.155 | 0.316
Uddercleft 0302 | -0.374 | 0.506 | 0.517 | -0.328 | -0.575
Udderbottomposition -0.127 | 0.447 0.091 | -0.671 | 0.068 | -0.224
Frontnipplesposition 0.418 1.875 0.042 | -0.328 | 0.415 | 0.469
Frontnipplelength 0.059 | -0.548 | 0.080 | 0.548 | -0.051 | 0.365
The strength of the body built 0.002 | 0.097 | 0.273 1.517 | 0.265 | 0.936
Milktype 0.058 | -0.297 | 0.012 | -1.065 | -0.038 | 0.446
Frontudderlobes’length -0.281 | -2.195 | -0.300 | -0.904 | 0.131 | -0.097
Hockjoint (backview) 0.090 | 0.632 | 0.253 | 0.387 | -0.124 | 1.054

OI- officialinstruction

Conclusions. In a comparative aspect, the assessment of bullsby to the exterior parameters of daughters,
according to both methods, had large differences in values for all parameters. Thus, the comparative results of
the assessments of the AMARANT-462 bull, according to the official instructions and the BLUP methodology,
“inconsistency” between negative and positive values of the assessments observed in 8 exterior parameters
(Height, Pelvis position, Hind leg position (side view), Hoof angle, Hind leg position (back view), Udder
cleft, Udder bottom position, Front nipple length, Milk type), which is 47% of the error in the compared
methods.
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Similarly, according to the results of assessments of the ALMANAKH-5092 bulls (7 parameters) and
MOLNAR -831699 (11 parameters), which is an error of 41.1% and 64.7%, respectively.

Thus, the error assumption from the official instructions, in the estimation of the breeding values of
servicing bulls by the exterior parameters of daughters, are clearly confirmed, and are fully consistent with
the studies of Kazakhstani scientists [14].

Consequently, the «distortion» of the estimates for the represented bulls ranges from 41 to 65%. The
results confirm the large error in the selection of servicing bulls when using the official instructions.

Yuupaaues A.E.”, Xapuronos C.H.!, Cepmsarun A.A.!, Koty A.®@.!, baiimykanos A.Jl.2

Axkanemuk JL.K. Opuer arsingarst ©MBEM®30BPXKU;
’K.A. TumMupsI3€B aThIHIAFbl PECCH MEMIIEKETTIK arpapiiblK YHHBEPCUTETI — MacKey ayblUTIapyaribuIbiK
akaneMusicel, Mackey, Peceil.
E-mail: achindaliyev@rambler.ru

TYKBIM BEPYIII BYKAJAPIBIH YPFAIIIBI TYKBIMBIHBIH, CHIPT BITIMI BOMBIHIIIA
BLUP-BAFAJIAY HOTUXKEJIEPIH )KOHE OJIAPIABIH PECMU HYCKAYJIBIK BOMBIHIIIA
UHJAEKCTEPIH CAJIBICTBIPMAJIBI TAJIJIAY (BAFAJIAYBIH CHI3BIKTBIK JKYHECI)

Yuupaaues A.E.”, Xapuronos C.H.!, Cepmsarun A.A.!, Koty A.®@.!, baiimykanos A.Jl.2

'®I'BHY ®UIBUX nmenn akanemuka JI.K. DpHcra;
2POCCHIACKHI TOCYIapPCTBEHHBIN arpapHblii yHUBEPCUTET — MOCKOBCKasl CEJbCKOX03sHCTBCHHAST aKaIeMHUs
uM. K.A. TumupszeBa, Mocksa, Poccusi.
E-mail: achindaliyev@rambler.ru

CPABHUTEJILHBIN AHAJIN3 PE3YJIBTATOB BLUP-OLIEHKH BBIKOB-ITPON3BOIUTEJIEN
10 DKCTEPLEPY JOUYEPEN M UX MHIEKCOB 10 O®ULNAJILHON WHCTPYKIINHA
(IUHEMHASI CACTEMA OLIEHKH)

AHHOTanus. B HacTosiee BpeMs B pa3BEACHUH U CEJICKLUH MOJIOYHOTO CKOTa BCE OoJbIIee 3HAUCHHE
nproOpeTaeT ouneHKa ObIKOB 10 KayecTBY MOTOMCTBA, B TOM YHCIIE M IO THITYy TEJIOCIIOXKEHHUS ao4yepei, a
WMEHHO YPOBEHb TCHETHUYCCKOH HM3MEHYMBOCTH B 0OmIeH (EHOTUNMMYECKOM HM3MEHYMBOCTH JIMHEHHBIX
MIPU3HAKOB 3KCTEphepa.

B sTom acnekre, oAHUM U3 TPEHIOBOTO HANpPABICHHMS SIBISIETCS ONpPEIEICHUE JOCTOBEPHOI TIIEMEHHON
IIEHHOCTH OBIKOB METOJIOM HAWIYYIIETO JMHEWHOTo HecMenieHHoro nporao3a (BLUP). MccnenoBanus mo
OIIPEICTICHNIO TeHETHUECKUX KaueCTB OBIKOB-IIPOU3BOIUTEIICH MPOBOJUIINCH B YCIOBHUSX MOMYJISILIMN YEPHO-
néctporo ckota MockoBckoil obnactu. Ouenensl 46548 royoB KOpOB-IEPBOTENOK, podepeir 290 ObIKOB-
MIPOM3BOANTEIICH, HAa OCHOBE aHAJIN3a JaHHBIX MaTepHaioB PernonanbHOro HH(MOPMaIMOHHO-CEIEKIIMOHHOTO
LEHTpa IJIEMEHHOTO XHBOTHOBOACTBa MockoBckoi obnacti «Mocmnemunpopmy». [locTpoens! nuHelHbIe
npoduiau OBIKOB-IIPOU3BOIUTENCH O THUITYy TEJIIOCIOKEHUS JOUEpEH, MyTeM HaXOXACHHUS PasHULIBI MEKIY
CpeIHUM 3HadeHueM 1o 18 mokasaressiM SKCTepbepa 1odepeit Oblka U CPEAHUMH 3HAYCHUSIMH TTOKa3aresnei
JKCTEpPbEpa BCEX OLIEHUBAEMBIX OBIKOB, BBIPAKEHHOH B JOJSIX CPEIHEKBAAPATHUECKOTO OTKIOHCHHMS.
ComocraBneHne pe3yabTaToB OLEHKH OBIKOB MO 3KCTEpPhEepy Jouepeld Ha OCHOBE O(UIMAIBLHON CHCTEMBI
n Mmetona BLUP, nokaszanm, 4ro pacXoKIeHHUs OLIEHOK, IO BCEM YUYEHHBIM IIOKa3aTelsiM JKCTepbepa,
BapbupytoTcs B npeaenax 7-28%. CrnenoBarenbHo, Jydmne ObIKH, oueHeHHbIe o Metony BLUP, Bronne
MOTYT UMETh HE JIy4IlIue Pe3yJbTaThl OLCHKH N0 OQUIHAIBHON HHCTPYKLIUH.

CymecTBeHHbIE pa3IUuMsg MO OTIAENBHBIM MOKa3aTelsiM OLEHKH KakKJOoro NpHU3HAKa, HaNIsJHO
MOATBEPKAAIOT TPEIINOJIIOKECHHE O IOTPEHIHOCTH HCIOIb30BAaHUS O(GHIUATBPHON HMHCTPYKUUH OLECHKH
IUIEMEHHBIX KayeCcTB OBIKOB-TIPOM3BOAMTENCH MO BKCTEPhEPHBIM IOKa3aTelsiM Jo4yepeil, KOoTophle
MPEACTABISIOT «HMCKaXEHHE» OLIEHOK NpH oTOope mpousBoauteneil. «llorepn» HOCTOBEPHBIX OLEHOK
cOCTaBJISIOT B npenenax 12-30%.

KitroueBble cj10Ba: SKCTEpbEp, JIMHEHHAs OLEHKA THUIA TEJIOCIOKCHHMS, MEPEAaronias CrloCOOHOCTD,
CMEIIaHHBIC MOJICNIN, HAWTYYLINN JINHEHHBIA HecMeleHHbIH nporao3 (BLUP), kanoHnueckas koppessiuus,
paHroBasi KOppeysLus, IUIEMEHHAs [IEHHOCTb.
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MEMORY OF SCIENTISTS

29.09.1932 r. -16.09.2021 r.
J.x.H., npoeccop Hurmerona Poza Lllykypraiuesna

HurmeroBa Poza IllykypramueBHa, kotopas 18 meT ObLia 3aBeAyromIel JrabopaTopueil CBEPXYMCTHIX
metamoB MOKD HAH PK, a 3atem — maBHBIM Hay9HBIM COTPYIHHUKOM 3TOH T1a00paTOpHH.

Hurmerosa P.I1I. pomunack 29 centaopst 1932 1. B 1955 r okonumnna xumudeckuit paxynsrer Kazaxckoro
TocynapcrBennoro Yuusepcutera um. C.M. Kupopa. B 1955-1958 r. yuunace B acnupantype MHcTuTyTa
xumuyeckux Hayk AH Ka3CCP mon pykoBoxnctBom akanemuka Kosznosckoro M.T. B 1958-1961 rr. -
cTapmuii 1abopaHT JabopaTopuy aHATMTHIECKON XuMHH. 1962-1966 TT. — MIaAmuil HAyIHBIH COTPYIHUK
nabopaTopuu amManbraMHoOW XUMUU MHCTHTyTa XUMHUYecKHX HayK. 1966-1969.rr. - crapmmii HaydHBIH
COTPY/AHUK J1a00paTOPUU CBEPXUYHUCTHIX METaJUIOB VHCTUTYyTa OpraHU4ecKoro Karaiusa 1 anekrpoxumun AH
Ka3CCP. B 1980 r. P.I1I. HurmeroBa Bo3mitaBmia 3Ty J1a00OpaTOpHUIO U MOCBATHIIA €€ paboTe U Pa3BUTHIO BCIO
KH3Hb, KAK KPYIHBIH CIIEUAIUCT B 00JIACTH (PU3UKO-XMMHUH U TEPMOANHAMMKH amMajibraMHbIx cuctem. P11
HurmeroBa npuHrMaa ydyacTye B IPOBEACHUH BHEIPEHUYECKUX PadOT Ha CBUHLIOBOM 3aBozae UM. Kannnuna,
. UuMkeHT. JluccepTannio Ha COUCKaHME CTENEHU JIOKTOpa XMMHUYECKHX HayK «TepMoguHamMuueckue u
(U3UKO-XMMHUYECKHIE HCCIEIOBAaHNS )KUAKUX CIUIABOB PTYTH ¢ MeTaiuiamu [I-V moarpynn nepuonuueckoi
cuctemsl 3nemenToB» P. III. Hurmerona 3anmutiiia B 1984 r. Ha yueHom cosere MOKD, . Anma-Ara. P.II.
HurmeTtoBoii BriepBble IPOBEAECHO CUCTEMATUYECKOE N3YUEHUE TEPMOIUHAMUYECKUX U (PU3NKO-XUMHUYECKHX
CBOMCTB JIBOWHBIX M TPOHHBIX (22 cHCTEMBI) aMaJIbTaMHBIX CUCTEM C UCIIOIb30BaHUEM OOJIBIIOTO KOJUYECTBA
(U3UKO-XMMHUYECKUX METOJOB HcCcienoBaHus. V3ydeHbl TepMOOMHAMHYECKUE CBOMCTBA pa30aBICHHBIX
KUJKUAX aMalibraM KaJMMs, WHOUSl, CBUHIIA, OJIOBA, BUCMYTAa, LMHKAa Ipu Temmeparypax 25-200°C.
YcraHoBIEHA 3aBHCUMOCTh TEPMOJMHAMHUYECKUX M (PU3MKO-XMMHUYECKHUX CBOWMCTB JKUAKHMX aMallbl'aM OT
MOJIOKEHHUS METAJIOB B IEPHOAMYECKON CHUCTEME 3JIEMEHTOB, YTO MO3BOJMJIO NMPOrHO3MPOBATh CBOICTBA
elle HEeM3yYeHHbIX cHUcTeM. Ha OCHOBaHMH MNOJIyYEHHBIX TEPMOAMHAMHMYECKHX IaHHBIX amajiblaMHBIX
CHCTEM YCTaHOBJICHBI KPUTEPHHU MOBEJCHNUS MHOTOKOMIIOHEHTHBIX aMajblaM B JJIOMUHECLEHTHBIX JIaMIlax.
B 1992 1. P1I. HurmeroBa momyumia 3Banue npodeccopa. P.II. Hurmerooit omybmmukoBano oxono 200
Hay4yHBIX CTaTei U MOATOTOBJIECHO COBMECTHO C I.T.H. Kozunbim JI.®. 7 kanauaaroB xumuueckux Hayk. P.III.
HurmeroBa paborana ydeHbIM cekpeTapeM aucceprarmonHoro copera MOKD. Komnern coxpanunm o Heit
aMsITh, KaK O MPUHLIUIINAIBHOM YYCHOM U OT3bIBUNBOM UEIIOBEKE.

CoTpyasHMKH U KOJLJIeTH.
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