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HARMFULNESS INVASIVE PEST-OAK MINING SAWFLY (PROFENUSA PYGMAEA,
KLUG, 1814)

Abstract. The species is listed in the Red Book of the International Union for Conservation of Nature.
Currently, as a result of anthropogenic activities, tens of thousands of species of animals (insects) and
plant organisms move around the planet every day. At the same time, many of them lead to very serious
environmental, social and economic consequences. Thus, in recent years, outbreaks of reproduction of invasive
insect pests have been observed in forest and urban green spaces in Kazakhstan, where their biological and
ecological features are insufficiently studied. In recent years, an urgent problem has arisen in Almaty and its
surroundings — massive damage to trees. Most of the lesions of the oak mining sawfly (Profenusapygmaea)
were noted in the city and in the region. Local outbreaks of mass reproduction of the oak mining sawfly
(Profenusapygmaea) have been observed in park and street plantings of Almaty cities since 2018.This is
due to the increased trade turnover, an increase in the flow of people, goods and vehicles crossing borders.
More often, the penetration of invasive species occurs through large transport hubs and large cities and which
become a kind of places of insect pest reservation. In the green spaces of the Almaty region and Almaty,
damage is observed by the invasive pest oak mining sawfly (Profenusapygmaea), where the damage of oaks
(Quercus robur), both young plantings and mature adult trees, the degree of damage ranges from 75-85% of
the foliage crown. This article presents the results of the state of oak plantations and the development of the
oak mining sawfly (Profenusapygmaea), with an assessment of the biological effectiveness of the protective
measures carried out.

Key words: green plantings, oak mining sawfly, phenocalendary, imago, larva, pupa, biological
preparation.

Introduction. Petiolate oak Quercus robur is the type species of the genus Quercus Oak of the Beech
family Fagaceae, a large tree reaching a height of 30-40 m, forming broad-leaved forests (oak forests) in the
south of the forest and in the forest-steppe zones. Representatives of hidden groups of phyllophages cause the
greatest damage in urban and forest plantations. One of these groups are mining insects or miners. Biological
research related to miner insects is a relatively young direction of modern forest entomology [1, 2].

Major encyclopedic works conducted on this group in the middle of the twentieth century in North America
and Europe [3, 4, 5] created the basis for subsequent ecological research.

Mining is widely represented in pests from the order lepidoptera, hymenoptera, diptera and coleoptera
insects [1, 6]. Most of the marerepresentatives of the family Tenthredinidae [7].

The transition to a mining lifestyle in hymen opteran insects is interesting not only from a practical aspect,
but also from an evolutionary point of view [6].

Data on the biology and ecology of miners that damage foliage are quite poor in the entire literature, and
for many species there are no data at all. There is not enough information about the group of mining insects
on the territory of Kyrgyzstan. Pest control of green spaces in Bishkek and the Chui region has not been
carried out over the past 20 years, as a result, the general forest-pathological and ecological condition of
urban plantations has worsened [8].

Local outbreaks of mass reproduction of the oak mining sawfly have been observed in park and street
plantings of Almaty cities since 2018.

The relevance of the work is determined by the high harmfulness and low knowledge of the oak mining

44



Reports of the Academy of Sciences of the Republic of Kazakhstan

sawfly on the oak of Almaty requires a more careful study of its biology and the development of protective
measures.

Due to the fact that during the outbreaks of the pest population.

Materials and methods. The research was carried out according to the generally accepted methods
of I.Ya. Polyakov, 1958 [9], V.F. Palia, 1970 [10], K.K. Fasulati, 1971 [11], B.V. Dobrovolsky, 1969 [3],
[.V. Kozhanchikov, 1961 [12] in 2019-2021 in Almaty. The object of research was the oak mining sawfly
(Profenusapygmaea) inhabiting oak plantations.

The number of pest monitoring was taken into account in the spring in order to determine the number of
overwintered stages of pests. To do this, pits of 0.5 x 0.5 m were dug in the soil, the depth depends on how
deep the larvae lie (from 10 to 20 cm) and the number of larvae or other phases of the pest was recalculated
by Im2.

The number of caterpillars was determined by counting them on 1 linear meter of the branch. Each time,
5-10 model trees of the same breed were viewed. On each tree, the accounting was carried out on 8 branches
— 4 branches in the upper and lower tier (one branch from each side of the world in the upper and lower tier).

The biological effectiveness of the drugs was determined by the formula (Abbott)

= (A-B)*100
A

, where

3 — biological efficiency, %

A — the number of affected plants in the control, pcs,

B — the number of affected plants in the experiment, pcs.

Results. The oak mining sawfly (Profenusapygmaea) is an obligate miner, a complete larval development
that takes place inside the leaf blade, since the larvae of the oak mining sawfly do not use hard — to-digest leaf
tissues, i.e. its epidermis, cuticle and vascular and bundle tissues. There fore, the development takes place
much faster than in openly living phyllophages.

According to our observations, the imago size was up to 5 mm. The imago flies from the end of April to
the end of May (Table 1).

Oak mining sawflies choose intact leaves for egg laying, develops for 14-17 days. Mines on oak leaves
become noticeable in mid-May before the end of the growing season.

Sawfly larvae live in wide, irregularly shaped mines on oak leaves. There are sometimes more than 35
larvae in the mine (maximum 67 pcs.) the active life of the larvae lasts about a month. The entire foliage is
covered with a mine, depending on the number of eggs laid by the imaga, after it becomes light green, then
dark. Usually in July they go into the ground, to a depth of 10-40 cm, sometimes the wintering larva can fall
into full or partial diapause for several years. They pupate in the spring and pass one generation.

The observations made (2019-2021) allowed us to compile an average phenocalendary of the development
of the oak mining sawfly, which is shown in Table 1.

As shown in Table 1. the first imagos appear in the third decade of April. The mass flight begins in early
May. Single females are found until June. Egg laying begins on the 5th-6th day after the summer of the oak
mining sawfly. The release time of larvae from eggs in nature, according to the data of 2019-2021, was noted
in the first decade of May, the mass release is in the middle and end of May.

Table 1 — Pheno calendar of the development of the oak mining sawfly (Profenusapygmaea) in Almaty
(2019-2021)

April May June July August September-October |  November — April

1 I | I mjary r | 1| Ir 1 11 11T I I 11 I 11 11T

P P |P

1

I

P

I |I |I |I

E |E |E |[E |E |E
L|L|L |[L |[L |L
WL |WL (WL (WL (WL |WL |WL|WL |WL |WL |WL(E/P)
Note: I — imago, E — egg, L — lavra, WL - wintering larvae, P— pupa.E/P— euimpha/pronimpha

The problem of protecting green spaces from pests and diseases is always relevant. Therefore, a «biological
fire» (meaning an outbreak of pests or epiphytotic diseases) is more dangerous than the biggest fire. If the fire
can be extinguished by one-time measures, then the elimination of the outbreak of mass reproduction of pests
and epiphytotic diseases is a multifaceted work that requires its own special approaches.
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d
Figure 1-Damage too aktreesbyanoakmining saw fly (Profenusapygmaea):a) saw fly larvacononeleaf; b)
damagebyoakleaflarvae; ¢) imagoandegglayingonanoakleaf; d) leavesafterprocessing.

Green spaces have an important ecological and aesthetic significance. However, the state of the city’s
green spaces is negatively affected by phytophagous insects and diseases, weakening them or leading
individual trees and shrubs to death. Pest control is often difficult due to insufficient knowledge of their
species composition and biology in new habitat conditions, as well as a narrow range of drugs for protecting
green spaces in urban conditions.

Table 2-Biological efficacy of drug sagains to akmining saw fly (Profenusapygmaea)

The number of pests per 50 branches Decrease in the number, in % on
Experience options Repeatability [ pefore processing accounting day the day of registration
3 7 14 3 7 14

Control (without 1 22,8 27,4 29,6 39,7
processing) 2 22,5 28,1 31,3 | 407

3 22,3 28,5 30,3 40,4

4 22,8 27,0 32,0 41,2

Cp. 22,6 27,7 30,8 40,5 - - -
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Aktarafit 21/ ha 1 22,4 5,9 5,5 4,0
2 22,2 6,1 53 4,0
3 22,6 5.6 52 42
4 22,0 6,1 5,7 3.8

Cp. 22,2 59 5.4 4,0 78,7 82,4 90,1
Green GOLD 0.3 1/ ha 1 18,5 6.8 6,2 5.4
2 19,2 6,6 6,0 5,1
3 19,1 6,7 6,1 5,1
4 20,4 6,7 6.1 5,0

Cp. 19,3 6,7 6,1 5,1 75,8 80,2 88,1
Imidor, 20% vk 0.3 1/ 1 22,0 6,3 55 4,7
ha 2 223 6,6 6,7 42
3 22,1 6,9 5.8 5,0
4 222 6,4 6,4 53

Cp. 22,1 6,5 6,1 4,3 76,5 80,2 87,4
Green GOLD 0.3 1/ ha 1 21,3 5,1 5,0 3,1
+ Imidor, 20% vk 0.2 I/ 2 20,9 5,5 49 2.8
ha. 3 22,5 53 49 | 30
22,6 5,1 5,1 3,1

Cp. 21,8 52 4,9 3,0 80,8 84,0 92,6

Base don the survey of green spaces in Almaty toidentify the foci of pestspread, the treatment of mainly
biological preparations «Actarofity, «Green Gold» withtankmixtureswithchemicalinsecticidesofsystemicacti
on «IMIDOR, 20% V. K.»wascarriedout.

As can be seen from the table, accounting for the number of pest reduction was more effective with the
use of a complex of biological and chemical preparations Green GOLD 0.3 1/ ha + Imidor, 20% vk 0.2 I/
ha. According to the accounting data, on the 14th day after processing, the number of oak mining sawflies
decreased to 92.6%, respectively, there was a high safety of leaves from damage. This is achieved by the fact
that the proposed method of protection from pests in emergency cases, where foci have formed. Along with
tank mixtures in densely populated areas and around reservoirs, we recommend treating green spaces with the
use of effective biological preparations Aktarafit 1.5 1/g and Green GOLD 0.3 1/ha.

«Actar of it» is a biological insecticide of contact systemic action, used as pests appear. Fine spraying
is carried out in dry, windless weather, at night with a low probability of precipitation for 8-10 hours and
a temperature of 18-30 °C. The effect of the drug becomes noticeable not immediately, but after 6-8 hours
for leaf-eating, and 12-16 hours for sucking pests. Mass death occurs on 2-3 days after treatment, and the
maximum result occurs on 5-7 days. The protective effect lasts up to 3 weeks. Does not cause resistance
(«addictiony) in pests, it does not accumulate in the soil and plants, does not have a depressing effect on them.
In the recommended doses, Actarophyte is not toxic to ladybugs, ants, slugs, earthworms, predatory bugs,
spiders, parasitic lepidoptera and ground beetles. The active substance of the drug «Actarofit» is a complex
of natural avermectins, which are produced by useful soil fungi Streptomyces avermitilis.

Discussion. «Green GOLD» - Azadirachtin-a substance isolated from the seeds of the fruits of the neem
tree (Neem) or the Indian azadirachta (Azadirachta indica). It grows in the wild in Southeast Asia, and is
also grown by humans everywhere in a warm climate. Neem extract contains several active substances:
azadirachtin, nimbin, meliantriol and others. These substances are contained in all parts of the tree: in leaves,
bark, seeds, fruits, etc. Azadirachtin is an environmentally safe insecticide that also has antibacterial and
fungicidal properties. Azadirachtin is widely used in agriculture as organic pesticides, since they are non-
toxic to humans, animals and the environment. Azadirachtin also exhibits antifungal properties: it prevents
the formation of undesirable spore bacteria, which allows it to be used in a number of fungicidal agrochemical
agents.

«Imidor, 20% V.K.» - new opportunities in pest control. Systemic insecticide of contact-intestinal action. It
is characterized by a long (from 20 to 60 days) and total action. It provides high efficiency at low consumption
rates, is not phytotoxic, is resistant to rain washout. It is the least dangerous for living organisms. The drug
has an acute contact-intestinal and systemic effect. Imidacloprid blocks the postsynaptic nicotine-energy
receptors of the insect nervous system. As a result, the transmission of signals through the central nervous
system of pests is suppressed, which is why they first lose motor activity, stop eating and die within a day.

We noted that in areas where regular treatments were carried out against the pest, the safety of leaves from
damage was 80-95%, while on untreated trees — 10-15%.
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Conclusion. During the study period (2019-2021), results were obtained on the state of oak plantations
and the development of the oak mining sawfly (Profenusapygmaea), with an assessment of the biological
effectiveness of the protective measures carried out.

If earlier trees were treated with chemicals to destroy insect pests, today they mainly use biological products
that are safe for both humans and birds, bees. However, even this treatment requires personal protective
equipment from people conducting it, glasses and a respirator, because biological preparations have a specific
smell. Ideally, the processing should be carried out from April to September every 21 days.

From the above, it is necessary to regularly monitor the condition of green spaces for the timely detection
of pests, diseases with protective and preventive treatments and health-improving works. Pesticides for the
protection of green spaces are selected according to the «List of pesticides (pesticides) allowed for use on the
territory of the Republic of Kazakhstany.

Protection and improvement of green spaces should be carried out regularly and at the optimal time,
mainly by biological methods through the use of complex measures (biologics, entomophages and pheromone
traps) to improve the health of the green fund and prevent further contamination of the city’s territories with
dangerous pesticides to improve the environmental situation.

Myxamagues H.C.*, MenaioaeBa I.7K., Huzamaunosa I.K., [llakepos A.C.

«K. Kuembaer atpiamarsl Kazak eciMIik KOpFay jKoHE KapaHTHH FRIIBIME 3epTTey HHCTUTYThDy JKIIIC,
Anmarel, KazakcTaH.
E-mail: nurzhan-80@mail.ru

HNBA3UBTI 3UMAHKEC EMEHHIH YHI'T ETEI'IHTHIH (PROFENUSAPYGMAEA,
KLUG, 1814) 3USH/bIJIbIT' bI

AnHoTanus. Ka3ipri yakpITTa aHTPOIOI'CH/IIK 9PEKETTIH HOTHKEC] KYH CailblH OH/IaFaH MbIH JKaHyapJap
(>koHIIKTEp) MEH OCIMJIIK aF3anapbiHa ocep ete/li. COHBIMEH KaTap, OJIap IbIH KOTIIIIUTIT 0T€ aybIP YKOJIOT FSUTBIK,
QJICYMETTIK ’KOHE 3KOHOMUKAJIBIK cajnjapra okeneni. MaceseH, COHFbI xKbuapsl Kaszakcranmarsl opMaHbl
KOHE KaJIaNbIK >KachbUl €KIeJepAe 3UsHKeC-OyHaKACHENIIepAiH WHBAa3MUIBIK TYPJCPIHIH TapaslybIHbIH
epilyi OailiKanazapl, ONapAblH OHOJOTHSUIBIK-IKOJIOTHSUIBIK EPEKIIeNiKTepl >KeTKUTIKTI 3epTTeIMEereH.
CoHFBI JKbULIAPbl AJIMaTBl KOHE OHBIH MaHBIHAAFbl alMaKTap/a ©3€KTI Macelle — arallTapAblH JKarman
3aKbIMJIAaHYBIH TyBIHIATTBL. EMEHHIH YHri ererimitepimen (Profenusapygmaea) 3aKbIMIaHYbIHBIH €H KOII
oImaKTapsl Kajaaa 1aa, oonbicta Aa Oaiikanabl. EMenHiH yHII ererimrepinid (Profenusapygmaea) sxanmait
Ko0ero1 AJTMaThI KaJlaJlapbIHBIH cas0ak skoHe kote exnenepinae 2018 xpurnan 6actam 6aikanasl. by — tayap
allHaJIBIMBIHBIH 6CYiHE, IIeKapagaH eTeTiH aAaMaap, )KYKTEP MEH KoK KypanJgapbl arbIHbIHBIH YIIFAIObIHA
OaiinmanbicTsl. Kebinece MHBAa3MBTI TYPIEPAIH €Hyi 1pi K6JIiK TopanTapbl MEH KajlaJap apKbUIbI JKYpPEei KoHe
3USIHKEeC-OyHaKACHEIIEPIiH PE3EPBTIK OPBIHAAPBIHBIH Oip TYpiHE aiiHanaabl. AJMaThl 00JIBICHI MEH AJIMAThI
KaJIaChIHBIH JKachUl CKIIEJIepiHJe MHBAa3WMBTI 3WsSHKEC €MEHHIH YHIi ererimrepimeH (Profenusapygmaea)
3aKBIMIaHYBI OaifKaaapl, OHAa EMEHHIH 3aKbIMIaHyHl (Quercusrobur), )ac exmenepie, epecek aramrapaa
1a, 3aKbIMJIaHy AopEKeci JKambIpaKTap TOXKiHIH 75-85% merinae aypITKUAbL. byt Makantama eMeH aFanibHbIH
OpMaH TOTOJIOTUSIIBIK, JKaFIalibl )KOHE €MEHHIH YHTI ererimrepin34 (Profenusapygmaea) koOCIOIHIH alIbIH
ally MaKcaTbIHJa XKYPTi3iil )KaTKaH KOpray IIapajapblHbIH OMOIOTHSUIBIK THIMALIITT OaramaHazbl.

Tyiiinai ce3mep: Kacbul JKeJlEeK, EMCHHIH YHII ererimn, ()eHOKaJeHIaphb, UMaro, JEPHICLI, KybIPIIAK,
OMOJIOTHSITBIK TIpenapar.

Myxamaaues H.C.*, MenaubaeBa 7K., Husamaunosa I K., [llakepos A.C.

TOO «Kazaxckuit HUU 3ammte! u kapantuHa pactennid umenn K. Kuembaesa», Anmatel, Kazaxcran.
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BPEJOHOCHOCTbB UBA3BUBHOI'O BPEJJUTEJISA - YBOBOI'O MUHUPYIOILIEI'O
IMWJINJIBIIIUKA (PROFENUSAPYGMAEA, KLUG, 1814)

AHHoTanmsA. B Hacrodiee Bpems B pe3y/braTe aHTPOIOT€HHOM AEATEIbHOCTH 10 TUIAHETE €XKETHEBHO
MEpEeMEeIIaoTCsl JACCATKA ThICSY BHUIOB JKMBOTHBIX (HACEKOMBIX) M PACTUTEIBbHBIX Opranu3MoB. Ilpu
9TOM MHOTHE U3 HUX INPHUBOAAT K BECbMa CEPbE3HBIM HKOJIOTHYECKHUM, COLMAIBHBIM M 3KOHOMHUYECKHM
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nocneacTBusAM. Tak, B MOCHeIHHE TObl B JICCHBIX M TOPOJICKHX 3€JCeHbIX HacaxaeHusx B Kazaxcrane
HaOMIONAIOTCST BCIIBIIKK PAa3MHOKCHHMS WHBA3HBHBIX BHIOB HACEKOMBIX-BpEIMTENEH, rae Mx Ouoioro-
9KOJIOTHUECKHE 0COOCHHOCTH HEI0CTAaTOYHO M3Y4eHBl. B mociennue rofsl B AnMarsl U e OKPECTHOCTSIX
MaccoBOE [TOBPEKCHHUE ICPEBBEB CTaja HanOoIee akTyalbHOU Mpo0O1eMoii. BoibIie Becero o4aroB nopaskeHus
JyOOBBIM MUHUPYIOIIMM THIWIBIUKOM (Profenusapygmaea) OTMEYEHO KakK B TOPOJE, TaK M B OOJIACTH.
JlokasibHBIE BCTIBIIIKH MacCOBOTO Pa3MHOXEHUS Ty00OBOTO MUHHMPYIOIIETO MIHIbLINKa (Profenusapygmaea)
HaOJIONIAIKMCh B MAPKOBBIX U YIAMYHBIX TOcakax ropofoB Anmarel ¢ 2018 roma. DTo cBsi3aHO ¢ BO3POCIINM
TOBapOOOOPOTOM, YBEITMUEHHEM [TOTOKA JIOJCH, TPY30B U TPAHCIIOPTHBIX CPEICTB, EPECEKAOINX IPAHHIIbIL.
Yarie MpoOHMKHOBEHMSI WHBA3UBHBIX BUIOB IMPOUCXOAUT Yepe3 KPYyMHBIC TPAHCIOPTHBIE Y376 U KPYIHBIC
ropojia, KOTOpbIE, CTAHOBSITCS CBOCOOpa3HBIM MECTaMU pe3epBallMd HACEKOMBIX-BpeauTeneil. B 3emeHbix
HaCaKACHUSX AJIMaTHHCKOW oOnacTu M I. Anmarsl HaOJIOnaeTcs MOBPEKACHUE WHBAa3UBHBIM BpEIUTEICM
IyOOBBIM MHHHPYIOIIUM TMHIMIBIIMKOM (Profenusapygmaea), Tne CTEEHb MOBPEXKICHHOCTh TyOOB
(Quercusrobur) Kak MOJO/IBIX HACAXKICHUH, TAK U CIIEJIBIX B3POCIIBIX JIEPEBhEB KoneoOneTcs B mpezenax 75-85
% KpOHBI TUCTBBL. B naHHOM cTaTbe NPUBOAATCS PE3YJIBTAThl COCTOSIHUS 1yOOBBIX HACAKICHUN U Pa3BUTHUS
TyOOBOTO MUHUPYIOIIETO MUIMIbIIMKA (Profenusapygmaea) ¢ ouleHKo Ouonorndeckoi 3(h(eKTHBHOCTH
MIPOBOAMMBIX 3aLUTHBIX MEPONPHUSITHH.

Ki1roueBble ci10Ba: 3eyieHbIe HACAXKICHUHN, 1yOOBBII MUHUPYIOLINHA MWINIBLINK, (peHOKaIeHaaph, UMaro,
JIMYUHKA, KYKOJIKa, ONOJIOrMYEeCKU penapar.
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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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