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GENETIC ASSESSMENT BY THE BLUP METHOD OF BREEDING VALUE IN
THE HEREFORD CATTLE OF KAZAKHSTANI SELECTION

Abstract. The work aims to improve the calculation of the estimated breeder values of beef cattle breeds
by the BLUP method using modern IT technologies.

The research material is the database of the Republican system of animal husbandry “Information and
analytical system” (hereinafter - IAS) with the functionality of registration of brood animals of economic
entities of Kazakhstan.

The article presents the results of the industrial calculation of estimated breeding values for the Hereford
breed. The average values of productivity indicators were estimated for the periods of rearing, including
live weight at birth, live weight at weaning, live weight at one year of age, and live weight of 5 years old
adult animal, indicating the number of animals with calculated indices and their mean values and deviations.
Normal distribution curves of the correction of the registered live weights for the age of mother and the
age of the animals themselves at the time of weighing are presented. The range for medians and quaternary
percentiles for production indicators, which were estimated using the BLUP method, are presented in the
form of diagrams. There are percentiles, which describe the 5 and 10% proportional distributions of the
indices of the Hereford breed, the largest (best) and smallest (worst) values of the indices are in the 10%
boundary intervals relative to the entire set of calculated estimates. In the process of calculating the estimated
breeding values, their accuracy was obtained.

As a result of solving the linear equations of biometric models of animal (AM/MME) by the BLUP
method on the data of registration of zootechnical events in the IAS for groups of animals of the Hereford
breed, genetic assessments of their productivity were obtained for economical traits: live weight at birth; live
weight at weaning; live weight at the age of one; milking capacity of cows-mothers and live weight of an
adult animal at the age of 5 years. Also, as a result, estimates of factors and effects of influence on productive
traits were obtained: sexually mature group; year-season-herd/holding (HYS).

Key words: estimated breeding value, live weight, BLUP, equation, model.

Introduction. Currently, the methodological bases for assessing the breeding values of animals in
Kazakhstan and abroad differ significantly. In foreign practice, index (genetic) assessment of animals using
information technologies has been used for several decades [1,2,3, 4,5,6].

In a comprehensive assessment of the breeding value of beef cattle, the BLUP method has a certain
significance [7,8,9].

For effective breeding management, complete, high-quality, and reliable information is needed, both about
an individual animal and the population as a whole. It is extremely necessary to create public databases on
brood animals, as well as software for information systems [10].

Selection based on the productivity of the ancestors and offspring of bulls plays a positive role in the
gradual hereditary consolidation, that is, the consolidation of this trait [11].

For selection and breeding work, it is necessary to select breeding bulls that combine high productivity
[12] with selected economical traits of the breeds. Selection based on the productivity of the ancestors and
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offspring of bulls plays a positive role in the gradual hereditary fixation, that is, the consolidation of this trait
[13].

Solving the problem of assessing the breeding value and predicted productivity using modern methods,
improving them for more effective breeding of beef cattle using software products is an urgent problem.

The aim of the research: improve the genetic assessment of the estimated breeding value of beef cattle
breeds using the BLUP method.

To achieve this goal, the objective was set to calculate the predicted indices of breeding value according
to five selection indicators of the Hereford cattle breed using the BLUP method.

Scientific research was carried out within the framework of applied scientific research in the field of
the agro-industrial complex for 2018-2020 under the budget program 267 “Increasing the availability of
knowledge and scientific research” under subprogram 101 “Program-targeted financing of scientific research
and activities” upon the specificity 156 “Payment for consulting services and research “Under the scientific
and technical program” Improving the efficiency of breeding methods in cattle breeding” by order of the
Ministry of Agriculture of the Republic of Kazakhstan.

Materials and research methods. The research material is the database of the Republican system of
animal husbandry “Information and analytical system” (hereinafter - IAS) with the functionality of registration
of brood animals of economic entities of Kazakhstan.

Genetic assessment of the breeding value of beef cattle was performed by the BLUP method (Best Linear
Unbiased Prediction) (Table 1).

Table 1 - Correction values for indicators of live weight of a calf taking into account the age of the mother

Age of mother Correction for live weight at birth, kg Correction for live weight at .weamng, ke
bull-calf heifer

2 years old +3.1 +33 +27

3 years old +1.3 +17 +14

4 years old +0.4 +7 +4.5

Sto10yearsold |0 0 0

11 years and older |+0.9 +12 +11

The values of the heritability coefficients, which were used in the calculations of the estimated breeding
value (hereinafter - EBV) of 2020, according to breeding traits were calculated in the period 2015-2017,
provided by the Australian Agricultural Business Research Institute (ABRI) and are shown in Table 2.

Table 2 - Coefficients of heritability according to breeding traits

. ; . : L ht of

Ne | Breed Live weight at birth, kg Live . weight  at| Live weight at one | Live welght of an
weaning, kg year of age, kg adult animal, kg

1 |Tepedopackas |0.32 0.12 0.17 0.31

Research results and discussion. As a result of solving the linear equations of biometric models of animal
(AM/MME) by the BLUP method on the data of registration of zootechnical events in the IAS for groups of
animals of the Hereford breed, genetic assessments of their productivity were obtained for economical traits:
live weight at birth; live weight at weaning; live weight at the age of one; milking capacity of cows-mothers
and live weight of an adult animal at the age of 5 years. Also, as a result, estimates of factors and effects of
influence on productive traits were obtained: sexually mature group; year-season-herd/holding (HYS).

The number of animals whose productive and hereditary data, with a depth of at least three generations,
were downloaded from the IAS database for the subsequent calculation of the EBV, is shown in Table 3.

Table 3 - Statistics on animals whose data were used to calculate the EBV

Ne | Total live and archival animals
1 364 535

Including the number of live animals
74 868

Data download for calculating the estimated breeding value was carried out from the IAS system for all
business entities engaged in breeding the Hereford breed (Table 4).
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Table 4 - Statistics on farms in terms of the number of Hereford animals registered in the IAS

Ne | Range of the number of animals on the farm, animals Number of farms, units
1  |more than 10 000 5

2 [from 5 000 to 10 000 10

3 [from 1 000 to 5 000 41

4 |from 500 to 1 000 42

5 [from 200 to 500 96

6 [from 100 to 200 86

7 |fewer than 100 1151

Total farms 1431

The analysis of the average values of productivity indicators of animals born in the period 2014-2020 is
presented in Table 5.

Table 5 - Average values of indicators of animal productivity, kg

Live weight, kg
sex and age at birth at weaning at 210 days |at 365 days at 5 years
group n M+tm n M+tm n M=+m n |M+m
bull-calf  [17885 [28.90+0.03 [11982 [218.20+£0.27 [9506 325.46+0.34 |4 [872.50+18.88
heifer 31283 |27.71£0.03 (25799 [205.92+0.19 |[21188 [302.59+0.24 |51 [551.08+1.99

The percentages presented in Table 6 describe the 5 and 10% share distributions of the index values. So for
the Hereford breed, the values of the calculated estimated breeding values in terms of live weight at birth in
90% of cases lie in the range from “-8.76” to “+0.55”; for live weight at weaning in the range from “-1.52” to
“+42.83”; for live weight at 12 months from “-3.18” to “+90.18”. The table 6 shows that the largest (best) and
smallest (worst) values of the indices are in the 10% boundary intervals relative to the entire set of calculated
estimates.

The shared distribution of the accuracy of the calculated EBV in 2020 for the productive traits of the
Hereford animals born in the period 2014-2020 has zero values up to 10%. A smaller number of shares of
non-zero values of the EBV accuracy indicates a more complete and qualitative filling of the IAS database in
recent years with productive traits of live weights for the breed (Table 7).

Thus, we can conclude that the methodology for calculating the predicted indices of breeding value by the
BLUP AM statistical method with the construction of the genetic model of the animal has been worked out
and the predicted indices of breeding value have been calculated for 5 productive traits: live weights at birth,
at weaning, at 12 months of age, adult animal at 5 years old and milking capacity of cows mothers.

The values of the indices shown in Table 8 should be interpreted as an estimate of the own genetic
performance of each evaluated animal relative to the corresponding mean values.

Table 6 - Percentile distribution of the calculated EBV of animal productivity

Percentile EBV of live weight, kg EBV of mother’s milking
atbirth |at weaning |at the age of 12 months | at the age of 5 years | capacity

0% -8.76 +42.83 +90.18 +138.57 +70.39

5% -1.13 +2.77 +4.67 +5.56 +5.31
10% -0.65 +1.26 +2.34 +2.67 +3.16
20% -0.25 +0.34 +0.75 +0.82 +1.22
30% -0.10 +0.10 +0.24 +0.26 +0.42
40% -0.02 0.00 0.00 0.00 +0.03
50% 0.00 0.00 0.00 0.00 0.00
60% 0.00 -0.03 -0.06 -0.05 0.00
70% +0.07 -0.16 -0.35 -0.34 -0.10
80% +0.21 -0.44 -1.02 -1.01 -0.53
90% +0.55 -1.52 -3.18 -3.28 -1.48
95% +0.97 -3.32 -6.32 -7.01 -2.65
100% +18.21 -35.73 -51.45 -196.38 -32.31




ISSN 2224-5227 6. 2021

Table 7 - Distribution by percentile of the calculated accuracy for the EBV of animal productivity

Accuracy of EBV of live weight, kg Accuracy of EBV
Percentile B3POCIIOTO of mother’s milking
IIPU POXKACHUH | IpU OTheMe | B 12 Mec. Bo3pacTe .
JKUBOTHOI'O capacity
0% 0 0 0 0 0
5% 0.000 0.000 0.000 0.000 0.000
10% 0.000 0.000 0.000 0.000 0.000
20% 0.004 0.001 0.001 0.001 0.000
30% 0.009 0.002 0.003 0.002 0.006
40% 0.012 0.004 0.005 0.003 0.018
50% 0.037 0.011 0.014 0.009 0.031
60% 0.085 0.030 0.036 0.024 0.077
70% 0.200 0.079 0.094 0.064 0.131
80% 0.460 0.214 0.245 0.161 0.209
90% 0.522 0.298 0.339 0.221 0.320
95% 0.537 0.328 0.376 0.245 0.410
100% 0.991 0.974 0.980 0.850 0.967

Conclusions. The methodology for calculating the predicted indices of breeding value by the BLUP AM
statistical method with the construction of the genetic model of the animal has been worked out.

The predicted estimated breeding values have been calculated according to 5 main productive traits of live
weights at birth, at weaning, at 12 months of age, of an adult animal at 5 years of age, milking capacity of
mothers in 42 489 live animals of the Hereford breed.

Source of funding: By the priority specialized field of program-targeted funding upon scientific, science
and technical programs of the Ministry of Agriculture of the Republic of Kazakhstan “Development of animal
breeding based on intensive technologies” URN BR10764981 “Development of technologies for effective
management of the selection process of preserving and improving genetic resources in beef cattle breeding”.

Table 8 - The results of the index assessment of the live weights of animals of the Hereford breed according
to the results of their calculations

Assessment of
live weight at
the age of 12
months

Assessment of | Assessment of
Live weight, kg live weight at|live weight at

Animal|Year of birth weaning

1D birth at
at weanin er |at365
at birth | wean- g|P
in at210 |year |days
& days

EBV |accuracy |EBV |accuracy |EBV |accuracy

Bull-calves
6764606 [2018 |27 188 |206.0 320 |318.7 [{0.20 |0.518 |1.34 [0.299 -2.91 (0.358
6764607 [2018 |26 185 |202.8 318 |316.9 [-0.18 |0.526 |1.15 [0.306 -8.4210.369
6764608 [2018 |25 186 |203.7 316 |314.7 |-1.12 |0.528 |-0.39 [0.310 -8.7510.374
6764609 [2018 |25 185 |202.9 329 13279 [-0.11 |0.510 |2.47 [0.264 0.52 |0.331
6764610 [2018 |26 185 |202.5 316 |314.4 10.43 |0.527 |3.80 |0.312 1.43 10.372
8092302 (2019 |25 236 |236.7 350 |350.1 {-3.10 |0.516 |3.48 |0.283 4.57 10.347
8092312 (2019 |32 232 2404 350 |355.3 [-0.72 |0.517 |0.88 |0.283 1.52 |0.347
8095183 (2019 (31 232 |215.7 367 |367.5 [0.89 |0.541 |-8.13 [0.356 -6.4410.406
8095188 (2019 |29 227  (230.2 358 |372.1 [-0.75 |0.537 |-6.04 [0.354 -4.48 10.402
0 |8095194 (2019 |32 270 |257.5 409 (417.3 |-1.09 [0.542 |-1.16 |0.356 1.15 10.407
Heifers
6764636 [2018 |25 200 |172.8 267 |1267.3 10.37 |0.526 |0.01 0.320 -5.46 |10.376
6764637 [2018 |25 200 [171.8 272 12713 1043 |0.528 |-0.23 [0.310 -7.5510.370
6766759 [2018 |25 200 |178.4 285 1283.0 [-0.08 |0.516 |-0.12 |0.305 -8.68 10.347
6766940 [2018 |26 174 | 155.2 342 1339.6 [{0.84 |0.516 |-0.79 |0.305 5.20 |0.350
6766971 [2018 |25 215 190.8 290 |287.8 [-0.22 |0.519 |1.49 ]0.308 -7.4710.352

— O |A|N|[n|h|[W[|—

N[ |W([(N|[—
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8092291 2019 |21 202 [209.2 288 [292.3 |-3.45 |10.517 |-1.30 ]0.285 -4.2210.348
8092306 (2019 |27 219 [220.1 310 |310.4 |-1.41 |0.518 [3.94 |0.284 4.47 10.348
8092307 (2019 |29 200 [201.2 290 [290.5 |-0.18 |0.516 |3.94 ]0.283 5.95 [0.347
8092322 2019 |28 210 [206.9 285 12829 |-1.45 |0.516 [-0.94 [0.277 -5.2510.343
10 8092323 |2019 |25 213 12203 300 |304.2 |-2.38 |0.517 |-0.77 ]0.284 -2.5710.347

O [0 |3 |
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2«Konrip xan areiaarsl bareic Kazakcran arpapibik-TexHUKaIbIK yHuBepcnuTeT» HAO Opan, Kasakcran.
E-mail: baimukanov.dastanbek@bk.ru

KA3BAKCTAH/IBIK CEJIEKIIUAHBIH 'EPE®OPA TYKBIMAbI IPI KAPA MAJIBIHBIH
ACBUI T¥KBIM/JIBIK KYH/IbIJIBITBIH BLUP 9IICIMEH 'EHETHUKAJIBIK BAFAJIAY

AnHoTamusi. JKyMbICTBIH Makcarhl Kasipri 3amanfbl [T-TexHONOTHsIapAbl KoinaHa oTeipbin, BLUP
9/IiCIMEH 1pi Kapa MaJIbIH eTTI TYKbIMIAPbIHBIH achll TYKBIMIBIK KYH/IUIBIFBIHBIH HHIIEKCTEPIH €CenTey i
KETLIIpY.

KazakcTaHHBIH apyambUIbIK KYPri3yll CyOBbeKTIIepiHiH acbul TYKBIMAIBI KOHE TYKBIMABIK MajJapblH
TipKey QYHKIMOHAIIBI 0ap «aKMmapaTThIK-TallaMallbIK )Kyiie» PecryOmuKablk Mall lapyambluIbFbl dKYHECiHIH
(Oyman opi — ATXK) mepeKKOpBIHBIH 3epTTEYNIEp KYPridy >KYMBICTAPBIHBIH MaTepHajbl OOJBIN TaObLIa bl
ETTi TYKBIMABI ipi Kapa MajIbIH acbUl TYKBIMABIK KYHIBUIBIFBIH T€HETHKAJIBIK Oaranay eH Y3IiK ChI3BIKTBIK
opHanacteipsuiMaran Oomkam — BLUP (Best Linear Unbiased Prediction) axiciMeH Ky3ere achbIpbUIIbL.

Makanana repeopa TYKbIMbI YIIiH acbhll TYKBIMIBIK KYHIBIIBIK MHICKCTEPIH OHEPKICINTIK ecentey
HOTIXKeJepi KenTipiareHn. Mangapasl ecipy Ke3eHIepiHaeri eHIMIUTIK KOpCeTKIIITEPiHiH OpTallia MoHi, OHbIH
iIIiHAe TyFaH Ke3iHAer1 Tipi caMarbl, HECIHEH albIpFaH Ke3iH/Aer Tipi cajMarbl, Oip XKacTarbl Tipi cajMarbl
JKOHE 5 JKacTarbl epeceK MallAbIH Tipi calMarblH ecenTey HHIEKCTepi Oap MaapAblH CaHbIH JKOHE OJIapIblH
ayBITKYBIHBIH OpTallla MeJIIepi KOpCeTUTin, ecenTenreH. AHACHIHBIH JKacblHa JKOHE MaJlIapAblH eJIley
Ke31HJeT1 JKachlHa OalIaHBICTBl TY3€TY apKbLIbl KOPCETKILI ChI3BIKTaphl KenTipiared. Juarpamma Typinge
BLUP ogicimMen Garananrad eHIMIUIIK KOPCETKIIITEpi OOHBIHIIA MeJHaHaNap MEH TOPTTIK IPOLEHTUIIbIED
kepcerinreH. ['epedopa TYKBIMBIHBIH HHIIEKCTIK MOHJEPiHIH 5 xoHe 10% yliecTik TapaayblH CHITaTTAHThIH
MPOLEHTHIIBACP YCBIHBUIFAH, WHJCKCTEPHIH €H YJKeH (CH KaKChl) *OHE CH Killl (eH Hamap) MoHIepi
ecenTeNnreH OaranapiblH OaplbIK >KUBIHTBIFbIHA KaThICTB 10% mIeKTi MHTepBajapaa opHajacKaH. AChUT
TYKBIMIBUTBIK, MHAEKCTEPIH ecenTey OapbIChIH/IA OJIAPBIH JOJIAITT aHBIKTAJIBII aJIbIH/bL.

BLUP oniciMen manmapasiH OMoMeTpusiIbIK MoJiebiepiHiH (AM/MME) CBI3BIKTBIK TEHACYIEPIH ey
HOTHXeciHe repedopa TYKbIMABI MajAapAblH TONTapbl OOMBIHINA 300TEXHUKAJIBIK JePEKTEePiHIe OJIapaAblH
OHIM/IUTITIH SKOHOMUKAJIBIK Taianbl Oenriiepi OOWbIHINA TeHETUKAIIBIK Oarajay ajblH/IbI )KOHE OHIMJILIIK
Oenrinepre ocep ereTiH (akTopiap MeH ocepiepliH Oaranapbl ajbIHIBL JKBIHBICTBIK-KAc TOOBI; KbUI-
MaychIM-TaObIH/mapyamsuibik (HY'S).

Tyi#iingi ce3mep: acbul TYKBIMIIBIK KYHIBUIBIK WHACKCI, Tipi canmak, BLUP, Tenaey, monens.

Bucembaes A.T.!, Momurixin A.C.%, Aobuirazunona A.T., Omaposa K.M.!, Baiimykanos J[.A."

I'TOO «HayuHO-IPOM3BOACTBEHHBIN IEHTP KUBOTHOBO/ICTBA U BeTepuHapuim» Hyp-Cynran, Kazaxcran;
HAO «3amnaaHo-KazaxcTaHCKH arpapHO-TeXHUYECKUN YHUBepcUTET nMeHn JKaHrup xaHa» YpaibCk,
Kazaxcran.

E-mail: baimukanov.dastanbek@bk.ru

TEHETHUYECKAS OLIEHKA METO/JIOM BLUP INIEMEHHOM IEHHOCTHU KPYITHOI'O
POTATOI'O CKOTA TEPE®OPICKOM IMMOPOIBI KABAXCTAHCKOM CEJIEKIIUH

AnHoramust. lens paboThl yCOBEpPIICHCTBOBAHKHE pacueTa MHJIEKCOB TUIEMEHHOW IIEHHOCTH MSICHBIX
MOpoJ KpynHOTro poratoro ckora MeronoM BLUP ¢ npumenennem coBpeMeHHbIX [ T-rexHonoruii.
MarepuaioMm TpOBEACHUS WCCICAOBaHUN sBISeTCs 0a3a JaHHBIX PecrnyOaMKaHCKOM —CHCTEMbI
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XKHUBOTHOBOACTBa «MHpopManmoHHO-aHanuTHueckast cucrema» (manee - HMAC) ¢ ¢QyHKIMOHAIOM
perucTpanyu IeMeHHbBIX U OPOIHBIX JKUBOTHBIX XO3HCTBYIOIIMX cyObeKToB Kazaxcrana. ['eneTnueckas
OIlCHKa IUIEMEHHOM LEHHOCTH KPYMHOTO pOraToro CKOTa MSCHBIX MOPOJ OCYIIECTBISAJIACh METOJO0M
HAWIYYIIero JIMHEHHOTo HecMeneHHoTo nporaoza — BLUP (Best Linear Unbiased Prediction).

B crarbe mpezncraBieHbl pe3ynbTaThl MPOMBILIIICHHOTO PacueTa MHIEKCOB INIEMEHHOW LIEHHOCTH UIs
repedopackoil mopoxabl. Paccunrtansl cpenHHe BEIWYMHBI MOKa3zaTeled MPOLYKTUBHOCTH IO IEpUOAAM
BBIPAIIVBAHNA, BKJIIOYas >KMBYIO MacCy IpH POXKIEHUH, KUBYIO Maccy IpU OThEME, KMBYIO MacCy B
ro/I0BaJIOM BO3pacTe U JKUBYIO Maccy B3pOCIIOrO *KMBOTHOTO B 5 JIET C yKa3aHHUEM KOJIMYECTBA KUBOTHBIX
C pPAacCUMTAaHHBIMH HHAEGKCAMM M HX CPEJHMMH BEJIMYMHAMHU OTKJIOHEeHHeM. llpencraBieHbl KpHUBBIE
HOPMAJIBHOTO paclpenieleHns KOPPEKTHPOBKH 3aperruCTPUPOBAHHBIX KUBBIX MAacC Ha BO3pacT MaTepu H
BO3pPACT CaMHX >KMBOTHBIX Ha MOMEHT COOBITHS B3BEILIMBaHUA. B Bume anarpaMm mpencTaBieHbl pa3Maxu
IUI. MEIMaH U YEeTBEPTHYHBIC MPOLEHTHUIN 10 MPOAYKTHBHBIM MOKa3aTeJIsIM, KOTOPbIe OBLIM OLCHEHBI MO
Metony BLUP. IIpencraBnensl npoueHTHIIN, KOTOPBIE OMUCHIBAIOT 5-TH U 10%-HbIe 10J€BBIE pacpeAeIeHHs
3HauUCHUH WHJIIEKCOB Tepedopackoll moponsl, HauOonplve (HAWIydllne) W HaUMEHbIIWE (HAMXYZILIUC)
3HAYEeHUs1 MHIEKCOB HaxomaTcss B 10 %-HBIX KpaeBbIX HMHTEpBaJaX OTHOCHUTEIHHO BCEr0 MHOMKECTBA
paccuMTaHHBIX OIIEHOK. B mporiecce pacdyera HHIAEKCOB MJIEMEHHOM IIEHHOCTH OBUIH ITOTyYeHbI IX TOYHOCTH.

B pesynprare pemeHuii JIWHEHHBIX YpaBHEHHH OHOMETpHYECKHX Mojened xuBoTHOro (AM/MME)
MetonoM BLUP Ha maHHBIX 300TEXHUYECKHUX COOBITHI 110 IPyIINaM >KHUBOTHBIX TepedopAckoi mopos! ObUH
MOJTY4YeHBbl TEHETUYECKHE OLUEHKH HUX MPOAYKTUBHOCTH IO XO3SHCTBEHHO-TIOJIE3HBIM NPHU3HAKAM M ObUIM
MOJTY4eHBI OIICHKN (PaKTOPOB M 3PPEKTOB BIUSHUS HA MPOLYKTUBHBIC IPU3HAKH: TI0OJIOBO3pPACTHAS TPYIINa;
roji-ce30H-crazno/xo3stcteo (HYS).

KiroueBble ¢ji0Ba: MHAEKC MIJIEMEHHON LIEHHOCTH, kuBas macca, BLUP, ypaBHeHue, MOJIETb.
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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
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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
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