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VK 535.372; 535.34

C. M. APABEN, C. B. CJIOHCKAS, B. 4. KPYILIEBHUY,
M. A. HOBUKOB
benapych, Munck, BI'ATY

P®OTOCTABUJIBHOCTDb ®PEHUWJITHOZAMEIIEHHOI'O
Al-OTAJTIOHUUAHUHA B OPTAHUYECKOHU MOJIUMEPHOU
W HAHOIIOPUCTOM CUJIMKATHOM MATPHUIIAX

B OonpmMHCTBE CciaydaeB NPAKTUYECKUX NPUMEHEHUH MeETasuio-
(TalOLUMAHMHOB  TPEANOYTEHUE  HMEIOT  TBEPAOTEJbHBIE  MAaTepUalbl,
JOMUPOBAHHBIE MOHOMEPHBIMU (OpMaMU 3THUX COEAMHEHHH, oOJaaarouiue
BBICOKOM  (poTOCTAOMIIBHOCTRI0. OpraHuyeckue TMOJUMEPHI, OKpallE€HHBIE
MOJIEKyJ1aMH (PTaJOLMaHUHOB, KOTOpBIE COXPAaHSIIOT MOHOMEPHYIO (GopMy
IIPUMECH, KaK IPABWIO, UMEIOT HEBBICOKYIO TEPMHUYECKYI0, MEXAaHHUYECKYIO U
CBETOBYIO CTOWKOCTH [l]. B cwIMKaTHBIX Kceporeiasix Ha OCHOBE
TeTpasTokcucwiana u BUHUATpuAITOKcUcuiana (TOOC+BTO0OC) BHeapeHHbIE
MeTaIO(TATONUAHUHBI YACTUYHO COXPAHSIOT UCXOJHYI0 MOHOMEPHYIO (hopMy
[2; 3]. OmHUM K3 HETOCTATKOB TAKMX CHJIMKATHBIX MaTEPHAIIOB SIBJISIETCS TO, YTO
HEKOTOpasi 4aCcTh MPUMECHBIX MOJIEKYJl HaXOAUTCSA B arperupoBaHHON (opMme C
U3MEHEHHBIM CIIEKTPOM IOTJIOIIEHHUS] W HEBBICOKMM KBAHTOBBIM BBIXOJOM
moMuHecteHmu. B pabote [4] ObUT MOMy4YeH JTIOMUHECUEHTHBIM CHUITUKATHBIN
TOOC-matepuan ¢ go6aBkoit (enunTuozamenieHHoro Al-granonuannna —
(PhS)s-PcAIOH, koTOpBIit cCrIOCOOEH COXpaHATh MOHOMEPHYIO (opMy 1 00J1aaeT
moMuHecueHuerr B OmmwkHed WK-oOnactu. JlnurensHoe BO30YKIeHUE
Matepuaia B Y D-00acTi He TPUBOIUIO K U3MEHEHHUIO CIIEKTPOB TMOTJIOIIECHUS
1 (piIyopecleHIINN, YTO CBUIETEILCTBOBAJIO O €TI0 BHICOKOW CBETOBOM CTOMKOCTH.
ABTOpBHl [4] CBSA3BIBAIOT TakWe€ CBOMCTBa MaTepuajia € OCOOCHHOCTSIMU
MosiekynsapHoil  cTpyKTypsl (PhS)s-PcAIOH — cnocoOHOCTBIO aKCHaIbHOTO
OH-nuranna atoma Al ygactBoBaTh B peakiuu nosmkonaencanuu TIOC.

[lens Hacrosimeit pabOThI — HM3YyYUTh CBETOBYIO CTOMKOCTH MOJIEKYII
(PhS)s-PcAIOH B opranuueckoir Matpuile mnojuBuHWIOyTHpans (I1BB)
1 Ha"Honopuctol cuimkatHot TOOC+BTIO0C rens-matpuiie.

@oTOCTaOMIBHOCTh ~ 00pa3lOB  HM3ydajlach  IMyTEM  pPErUCTpaluu
uHTeHcuBHOCTH (hryopectieHimu (PhS)s-PcAIOH, Bo30ykmaemMol U3iydeHHEM
UMITYJIbCHBIX JIQ3€PHBIX IUOAOB C Arew = 405 HM U 652 HM npu KOMHATHOM
temrepatype. JlazepHoe wusnyueHue MourHocthio 1 MBT QoxycupoBanoch
Ha 00pa3siie B MATHO miomaaso 0,1 MM2. YacToTa ciieioBaHus umnyibcoB 1 ['m.
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Ha pucynke 1,a mnoka3aHbl CTallMOHApHBIE CHEKTPHI MOTJIOMICHUS
(kpuBas 1) 1 QIIyOpECHCHIIMA TIPU Agoss = 345 HM (kpuBas 2) (PhS)s-PcAIOH
B [IBb mipu 298 K. IIpupoaa HabmogaeMbIx oJI0Cc ogpoOHO onrcaHa B padbote [4].
VYcraHoBiIeHO, YTO MPHU BO30YKACHUH (PIIyOPECUECHIIMA U3TyYECHUEM JIa3€PHOTO
IAOAA C  Aren = 652 HM (2JIEKTpOHHO-KOJIEOATENbHAs 00sacTh Q-TIOJIOCHI
MOTJIONIEHNS) MHTEHCUBHOCTh (IIyOopecleHIIMH (pEerucrpanus B MaKCUMyMe
NOJIOCHI TIpH 747 HM) He u3MeHsieTcs (PUCYHOK 1, 6) — MpUMECHBIC MOJICKYJIbI
(PhS)s-PcAIOH B TIBB mpu Takux yclaoBHUAX BO30YXKIeHHS (POTOCTAOMIIBHBEI.
Hpyras cutyanusa HaOmogaeTcs: (pUCYHOK 1, ) ipu BO30YKICHUH U3ITy4CHHEM
Ja3epHOTO ANOJA C Arey = 405 HM (06sacTh mosocel Cope). Ha HauansHOM 3Tarne
MHTEHCUBHOCTbH ()JIyOpECLICHIIMH MaJaeT noyTu B 2 pasa 3a 600 c. B TeMHOBBIX
YCIOBHUSIX  (BTOPOM  3Tam  3KCIEpUMEHTa)  (UKCUPYETCs  MEIJIEHHOE
BOCCTAHOBJICHUE MHTEHCUBHOCTH: 3a 1500 ¢ TeMHOBOW Iay3bl HHTEHCUBHOCTH
BoccTaHOBMIach Ha ~12 %. Toukn Ha «TEMHOBOI» KPHUBOM COOTBETCTBYIOT
WHTEHCUBHOCTH (hIyopecleHIIu o0pasiia, MOJYyYEeHHOW OT OJHOTO HMITYJIhCca
¢$hoTOBO30YKACHHS B pa3HbIe MOMEHTHI TEMHOBOH May3bl.

[lagenne  WMHTEHCHMBHOCTHM  (IyOpECUEHIMH  MpU  BO30YKICHUU
B Y®-001acT 00YCJIOBJIEHO YMEHBILIEHUEM KOJMYECTBA BO30YKIAEMBIX
npuMecHbIX 1IeHTpoB (PhS)s-PcAIOH. ITockonbky aHcamMO1b MOJICKYJT MEJICHHO
BOCCTaHABIIMBAETCS, TO MOXKHO MPEANOIOKUTH, YTO MOJIEKYJIBI HE MOIBEPKEHBI
HeoOpaTtuMoit  oromecTpykuuu. HaOnrogaemass KHUHETHKAa YMEHbBIICHUS
WHTEHCUBHOCTU  (DIIyOPECICHIIMM MOXET OBbITh O0O0YCIIOBJI€HA BIMSHUEM
paaukaioB, oOpa3yeMbIX B MOJIUMEpHOW wmatpuiie npu YD-Bo30ykaeHUU
U UX BIMSIHUM Ha TYTH JETPaJallii SHEPTUU BO30YKACHHUS MOJIEKYJ MPUMECH.
B TeMHOBBIX yCIIOBHSX BO3MOXKEH MPOIECC PEKOMOMHALIMK PAIUKaIOB, YTO
U TPUBOAUT K BOCCTAHOBJIICHUIO aHCaMOJig (IyopeclUpyOMUX MOJEKYI.
Bo30Oyxnenne B oOnactu, mnpumbikawomeid k OmmwkHemy WK auanazony
(Asoss = 652 HM), HE CIOCOOHO TCHEPUPOBATH PAJMKAIbBI, YTO U O0CCICYHBACT
dorocTadbunbHOCTh MoJiekyn (PhS)s-PcAIOH B IIBB mpu Takux yCIOBHUSX
BO30YKJICHHUS.

Kak mnoxazano B pabote [4], BHempenue wmonekyna (PhS)s-PcAIOH
B cMmemanHyio TOOC+BTOOC renb-marpuily OpuBOIUT K (HOPMHPOBAHUIO
JIByX THUIOB TPUMECHBIX IIEHTPOB. VX Hanmuyue HaArJISaIHO TPOSBISETCS
o crexkTpy ¢ayopecieHuu (pucyHok 2, a, kpusas 2), 0-0O-mosoca koToporo
pacuierisieTcsl Ha 1B€ KOMIIOHEHTHI 1ipu 691 u 707 HM.

Kak u B ciiyyae marpuusl [1Bb (pucyHok 2, 6), B opraHO-HEOpPraHUYECKOM
TOOC+BTOOC kceporene He HaOII0IAETCs U3MEHEHUS HWHTEHCHUBHOCTH
diyopecieHIIMM  KaXA0ro W3 JBYX THIIOB TPUMECHBIX IIEHTPOB TMpH
BO30YKJIEHUU JIA3EPHBIM TUOJIOM C Arey = 652 HM (KpHUBBIC HE TIPEICTABIICHBI).
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Pucynox 1 — CiekTpalibHO-TFOMUHECIICHTHBIE M (POTOXUMUYECKHE CBONCTBA
(PhS)s-PcAIOH B I1BB mipu 298 K:
a — cuekTpsl nornomeHus (1) u GpayopecueHInu Mpu Agoss = 345 HM (2);
6 — BpeMeHHasi 3aBUCUMOCTh HHTEHCUBHOCTH (PITyOPECLEHIIUU TIPH Aposs = 652 HM
U Aper = 747 HM; 6 — BpeMEHHOE U3MEHEHNE MHTEHCUBHOCTH (DIIyopeclieHInu
TPH Asoss = 405 HM U Aper = 747 HM U JUIUTETBHOCTH TEMHOBOM Tay3bl
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Pucynok 2 — CriekTpajibHO- TFOMHHECIICHTHBIE U (POTOXMMHUYECKUE CBOMCTBA
(PhS)s-PcAIOH B TDOOC+BTD0C matputie npu 298 K:

a — cuekTpsl nornomeHus (1) u GpayopecueHInu Mpu Asoss = 349 HM (2);
6 — BpeMeHHasi 3aBUCUMOCTh HHTEHCUBHOCTH (PITyOPECLEHIINU TIPH Asoss = 405 HM
U Aper = 714 HM; 6 — BpeMEHHOE U3MEHEHHE MHTEHCUBHOCTH (DIIyopeclieHIInu
TPH Asoss = 405 HM U Aper = 690 HM U UTUTETBHOCTH TEMHOBOM Tay3bl
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Bo306yxnenne B obnactu mojiockl Cope (Asoss = 405 HM) NpUBOAUT
K 3aMETHOMY TAJICHUI0 WHTEHCUBHOCTU (DITyOPECIEHITNN KaXKIO0TO MPUMECHOTO
nenTpa. Ha pucynkax 2, 6 u 2, 6 HadanbHbIE YYaCTKH KHUHETUYECKHX KPHUBBIX
CBUJIETEIBCTBYIOT O OBICTPOM TaJCHUM MHTEHCUBHOCTH (DIIyopecleHInn
y JBYX THUIIOB TpPHUMECHBIX IEeHTpoB. 3a 600 c nazepHOro BO30OYKICHHUS
WHTEHCUBHOCTh (DIIyOPECIIEHIIMN JJIMHHOBOJIHOBOTO IIEHTPa YMEHBIIIACTCS
Ha ~22 %, a KopoTKOBOJHOBOTO — Ha 36 %. Bo BpeMst TeMIoBOI 11ay3bl CBEUCHUE
MPUMECHBIX IIEHTPOB MEJIJIEHHO BoccTaHaBnuBaeTcs: 3a 1200 ¢ TeMHOBOM Nay3bl
JUIMHHOBOJIHOBBIA IIEHTP BOCCTaHOBWJICS Ha ~8 %, a KOPOTKOBOJIHOBBIA —
Ha ~6 %. CornacHo JaHHBIM [4], OTIMYKME NPUMECHBIX IIEHTPOB — B UX
JIOKaJIbHOM OKpYKeHHH. [IpeAnonoxkurenbHo, W3MEHEHHE HWHTEHCHUBHOCTH
CBEUCHMS OOYCJIOBJICHO TeHepalde CBOOOJHBIX pAJUKAIIOB B OpraHo-
Heoprannueckoi TOOC+BTOO0OC renp-MaTpule U UX BIUSHUEM HA NapaMETpPhI
dryopecueniuu Moiekyt (PhS)a-PcAIOH.

BoiBoabl. M3ydeHO BiIMSHUE JIOKATBHOTO OKpPYXEHUsI Ha (HOTOCTaAOMIIb-
HOoCcTh (PhS)s-PcAIOH. B oprannueckoit mnonumepHou wmatpuie (I1BB)
n HaHomnopucron TOOCHBTOOC cuiaukaTHOW Telib-MAaTPUIE KPACUTENb
dboTocTabuieH mpu BO30YXKJICHUM B KPACHOM 00JIACTH CIEKTpa MOTJIOIICHUS
W TpeTepreBaeT  CHEKTpalibHble  U3MeHeHuss npu Y D-BO30OYKIECHUU
C HUX TOCJIENyIIMM TEMHOBBIM  BOCCTaHoBieHueM. HaOmtomaemas
Y ®-HecTaOUIIBHOCTh CBA3BIBAETCS C OOpa30BaHMEM B MaTpULE CBOOOJHBIX
paJuKaJIOB, BIMSIONIUX HA MapaMeTphl (IyOopecleHIINH.
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YIAK 577.175.1:581.143

E.T. APTEMYK, A. C. BAPBIMOBA
benapycs, bpect, bpl'Y umenu A. C. Ilymkuna

BJUSIHUE YIINKACTACTEPOHA U ET'O KOHBIOT'ATA
C SHTAPHOUM KUCJIOTOU HA MOP®OMETPUYECKUE
IMAPAMETPHBI 1 COJJIEP’)KAHUE ®OTOCUHTETHYECKHNX
IMMUTMEHTOB B PACTEHUAX NOJCOJTHEUYHHUKA
OJHOJIETHEI'O

B Hacrosimiee BpeMsi aKTMBHO HW3Y4YalOTCS BOIPOCHI, Kacarouuecs
OMOJIOTMYECKUX CBOMCTB OpaccuHocTepouioB (asiee — bC), COBEPILIEHCTBYIOTCS
TEXHOJIOTUU MX CHUHTE3a U pa3paldaThiBAlOTCS HAa UX OCHOBE HOBBIC IMpenapaThl
I mpuMeHeHuss B pacteHueBoiactBe [1]. [lokazaHo, 4TO B HEOOIBIIUX
KOHIeHTpausAX bC OKa3bIBAIOT MOJOXKUTEIBHOE BIMSHHUE HA YPOKANHOCTH
M Ka4eCTBO YpOKasi HEKOTOPBIX CEIbCKOXO3SMCTBEHHBIX KyJIbTyp. OHH
3¢ (HEeKTUBHBIE WMMYHOMOMIYJISITOPBI, YBEJIMYMBAIOT YCTOMYMBOCTH PACTEHUMN
K CTpecCy, PEeryJlupylT pOCT U Pa3BUTHUE PACTCHUM, YIydIIalOT OyTOHO-
U IUI01000pa3oBaHKe, CHOCOOCTBYIOT OOMJIBHOMY IIBeTeHUIO. JlaHHBIC
npenapatbl PEKOMEHIYIOTCS 111 00pabOTKH Pa3INUHbBIX CEITCKOX035HCTBEHHbBIX
KyJbTyp (3epHOBBIE, 0000BBIE, KapTodenb U OBOIINM, caxapHas CBEKJIa, JICH,
XJIOMOK), a TakXke Uil TPUMEHEHHS B JICKOPATUBHOM CaJOBOJICTBE,
naHamadTHOM TU3aiiHe U TOPOJCKOM O3EJICHEHUHU.

[lepcrieKTUBHBIM HAMpaBJICHUEM SIBJISIETCS MOAUGUKAIUA CTPYKTYPbI
MOJIEKYJI 32 CUET UX KOHBIOTALMK C OPraHUYECKUMU KUCIoTaMu. B cBsi3u ¢ 3TUM
MIPOJI0JDKAIOTCS UCCIICOBAHUS (DUTOCTEPOUIHBIX TOPMOHOB — OPACCUHOCTEPOUIOB
U UX HOBBIX CHHTE3UPOBAHHBIX MPOU3BOJHBIX (KOHBIOTATOB) C IIEJBIO
onpenesieHuss Hanbosee 3 (PEKTUBHBIX KOHIEHTPALUM U CriocOO0B 00pabOTKH,
OKa3bIBAIOIINX BIMSHUE HAa GYyHKIMOHAIBHBIC TTapaMeTphl (MOpPoOMETprUIECKUe
U OMOXUMUYECKHUE), B OCOOEHHOCTH Ha POCT U YPOKANHOCTH PACTEHUH.

[lenpt0 TaHHOTO HCCIAEAOBAHUS SIBJISJICS aHAIU3 BIUSAHUS 24-3MUKacTa-
CTepOHa M €ro KOHBbIOraTa C SHTApHOW KHUCIOTOM Ha MOPQPOMETPHUYECKHE
nmapaMmeTpel M CoJlepKaHue (POTOCHHTETUYECKUX TUTMEHTOB B PACTEHUAX
nojacondHednnka oxuonetHero  (Helianthus  annuusL.) copra Temmoc,
BBIPAIIICHHOTO B  3allMIIEHHOM TPYHTe B PE3yJlbTaTe BereTallMOHHOTO
nabopaTopHOro ombiTa [2], ¢ H3yYeHHEeM TapaMeTpPoOB [JIMHBI TOA3EMHOMN
W HAJ3eMHOM dYacTei, a TakKe COACp>KaHUS OCHOBHBIX (DOTOCMHTETUYECKUX
NUTMEHTOB (XJI0poduiuia a u b, kaporuHouoB) [3; 4].

Jlist mpoBeneHUsT BEreTallMOHHOTO oOmnbiTa (B MOYBOTPYHTE) OBLIU
MCIIOJIb30BaHbl HanboJiee 3P (HEKTUBHBIC KOHIIEHTPALIUHU UCCIIEAYEMBIX BEIIECTB:
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24-snmkactacrepon (DK) B xonumentpamuu  10®M,  rterpacykuumar
24-s>nmkacracrepona (S439) B komnentpammsax 10°M u 10°M, xoropsie
B NPEIBAPUTEIHLHOM J1A00OPAaTOPHOM OTBITE OKa3bIBAKM HAUOONMBIINKA 3 deKT
Ha POCT KOpHEH M MOOEroB IMOACOJHEYHHKA OJHOJeTHero. Kcmonb3yembie
BC cuntesupoBansl B jabopaTopuu XUMHM  cTepousioB  MHcTuTyTa
ouooprannyeckoit xumu HAH benapycu.

[Ipu mnpenmnoceBHON 00pabOTKE ceMeHa IIOJICOIHEUHHUKA 3aMayuBalid
B pactBopax OK m ero konbtorara S439 Ha 5 yacoB, gajiee BbICAXHUBAJIH
B IUIACTUKOBBIC KOHTEMHEpPHI W BbIpAIUBAIM B JaOOPATOPHBIX YCIOBHSX
BETETAllMOHHOTO HKCIIEPUMEHTAa B TEYEHHE Mecsla. B kadecTBE KOHTPOJIA
WCITOJIB30BAIMCh PACTeHHs, OOpaboTaHHBIE BOJOW. PacTeHuWs BhIpammMBaIH
B YCIOBHUSX TIOCTOSHHOW BJIAKHOCTH TIOYBBI. BereTarMoHHBIE EMKOCTH
nepeMenaii €XeIHEBHO MO0 cXeMe, 00eCIEeUMBAIOIIEH OJHOPOJHBIE YCIOBHS
poCcTa M pa3BUTHUS PACTEHHW. Bce OmBITBI NMPOBOAMINCH B YETBIPEXKPATHOU
MOBTOPHOCTH. CTaTUCTUUECKYI0 OOpabOTKy pe3yJbTaTOB MPOBOJUIU TIO
OOIIETPUHATEIM METOIUKAM OHOJIOTUYECKOW CTATHCTHKH C HCIIOJIh30BAaHUEM
nporpammbl Microsoft Excel u t-kputepust CTbroieHTa.

Uccnenoanne BozneiictBus OK wu  ero kowbtorata S439 Ha
MOp(QOMETpUYECKUE TTapaMETPhl MOICOJHEYHUKA OJHOJETHETO (CpeaHsis JJIMHA
KOpHEH U CpellHAs JUIMHA TT0OET0B) MOKA3aJi0, YTO MOJIOKUTEIBHOE BIUSHUE HA
pocT KopHel u moderoB okasbiBan JK u ero konbrorar S439 B KOHIIEHTpaIUU
10°M npu npeanoceBHOM 3aMauyMBaHMU CeMsH IMOJCONHEYHHMKa (Tabmuia 1,
pucynok 1). Tak, npu o6pabotke DK B konuentpamuu 108 M nnuna kopHeit
yBenuuMBaiach He3HauutenabHo (Ha 0,3 %), a modberoB — Ha 12,3 % (paznuuus
CTaTUCTHUYECKH JOCTOBEpHBI). Ilpm TIpenmoceBHOM 3aMayMBaHUW CEMSH
nozconHeunrka B S439 B konnenTpanuu 10°M mimHa KOpHEH yBeIMYMBaNach
Ha 3,8 %, mobGeroB— Ha56% 1o cpaBHEHHIO C KOHTpoJieM (pa3inyus
CTATUCTUYECKHU JOCTOBEPHBI TOJIBKO JIJIsl TOOETOB).

Tabnuna 1 — Biusiaue 24-snukactacTepoHa U TETPACYKIIMHAT
24->nrkactacTepoHa Ha MOPPOMETPHUUECKHE MTapaMeTPhI MOICOTHEYHIKA
OJIHOJIETHETO copTa ['ennoc (BereTalnoHHbIN 1aOOPaTOPHBIH OIBIT)

Kopenb [ToGer
BapuanT onbita % %
JUTHHA, MM JUTMHA, MM
K KOHTPOJTIO K KOHTPOJTIO
KonTponb 98,8 + 2,09 100,0 1722 +£3,47 100,0
DKM 99,1 +£1,98 100,3 193,4 4+ 3,26%** 1123
S439, 10°M 102,6 + 2,32 103,8 181,8 +3,02* 105,6
S439,10°M 92,6 +2,28%* 93,7 179,9 + 3,62 104,5

[Tpumeuanue — * — noctoepHo npu P < 0,05; *** —mpu P <0,001.
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Pucynok 1 — Biusaue 9K u Terpacykuunar 24-3nukacractepona (S439)
Ha Mop(domeTpHruecKue mapameTpsl MOACOIHEYHHUKA OJIHOJIETHETO copTa ['enmoc

(B mpoOIIEHTaX OTHOCUTEIHHO KOHTPOJIA):
1-9K, 108 M; 2-5439,10° M; 35439, 10° M

UccnenoBanue conepkaHusi OCHOBHBIX (DOTOCMHTETHMYECKHX MUTMEHTOB
B JIUCTHAX TIOJCOJTHEYHHKA OJHOJETHET0 MPOBOJAMUIOCH C H3yYCHHEM
KOHIIEHTpaluu xjopodmia a (Xia a), xiaopodmwia b (Xiab) U KapoTHHOUIOB
(Kap). IIpu npennoceBHOM 3aMayMBaHUU CEMSIH IOJICOJTHEUYHHUKA B PacTBOpax
OpacCHHOCTEPOUIOB HAOJIOAACTCS YBEIMUYCHUE COJIepKaHus XIopodmnia a u b
B JIMCThSIX Tpu ucrnoiab3oBaHuu DK u ero xonbrorata S439 B KOHIIEHTpalUH
10°M. Tak, coxepxkanue xuaopoduiaaa ysenruuuBaeTcs Ha 7,9-12,6 %,
xsopoduimia b Ha 2,0 %. [Ipu ucnonas3oBanuu KoHbIorata S439 B KOHIIEHTPAIIUU
10°M raxke HaOMIOIAETCS YBEIMUYEHUE CONEPKAHUS KAPOTUHOUIOB B JIUCTHAX
(Ha 2,3 %) mo cpaBHEHHUIO C KOHTPOJIEM, OJTHAKO 3TH PA3IUYUsl CTATUCTHUYECKU
HE JIOCTOBEPHBI (TabyuIa 2, pUCYHOK 2).

Tabnuna 2 — Biusaue 24-snukactactepona (9K) u rerpacykimHat
24-snukacractepona (S439) Ha conepkanue (HOTOCHHTETHUECCKUX TTUTMEHTOB
MOJICOJTHEYHHKA OJTHOJIETHETO copTa [ enuroc (BereTalimoHHbIN J1a00paTOPHBIi
OTBIT)

Copepxanue, Mr/t
BapwuanTt onbita
xjopoduia a xsopoduita b KapOTHHOHUJIOB
KonTponb 1,27+ 0,03 0,51 £0,01 0,43 +£0,01
DKM 1,37+ 0,05 0,52 +0,02 0,43 +0,01
S439,10°M 1,43 + 0,04* 0,52 + 0,01 0,44 + 0,01
S439, 10°M 1,29 + 0,05 0,50 + 0,02 0,41 +0,03

[Ipumeuanue — * — moctoepuo mpu P < 0,05.
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Pucynok 2 — Biusaue 9K u tetpacykuunar 24-3nukacractepona (S439)
Ha cojiepKaHne (OTOCMHTETUYECKUX MUTMEHTOB TOJICOTHEYHHUKA OJHOJIETHETO

copta ['enmoc (B mporieHTax OTHOCUTEIbHO KOHTPOJIS):
1-2K, 108 M; 2 -5439,10° M; 3 - S439, 10° M

Takum 06pa3om, Mo pe3yabTaTaM BETE€TAIMOHHOTO JIA0OPATOPHOTO OIBITa
JUIS TIOJICOJTHEUHUKA OJIHOJIETHETO0 MAaKCUMalbHbIM 3(P(EKTOM TMOBBIIICHUS
MophOMETpUYECKUX TapaMeTpoB (UIMHBI KOpHS M moOera) W CoJepKaHUA
(OTOCUHTETUUYECKUX TUTMEHTOB 00JaJacT 3MUKACTACTEPOH B KOHIIEHTpAIUU
108M u ero KoOHBIOraT — TeTpacyKUMHAT 24-3mukacractepoHa (S439) B
xoHneHTpanuu 10~° M npy Hcnons30BaHUM IPEANOCEBHOTO 3aMAYMBAHUS CEMSH.

Paboma evinonnena ¢ pamkax HUP «Oyenka enusnus npupooHvlx 6paccumo-
CmMepoudos8 U Ux KOHbI02Amos ¢ KUCIOMAMU HA Mopgomempudeckue u Quzuono2o-
OuoxumMudeckue napamempul CenbCKOXO3AUCMBEHHbIX U O0eKOPAMUBHBIX PACHEeHUll»
noonpozpammsvl « Xumuyeckue 0CHO8bL NPOYECCo8 JcusHedesmenbHocmuy (buoopexumus)
I'TTHU  «Xumuueckue npoyeccvl, peazeHmvl U MEXHOIO2UU, OUOPe2YAMOPbl
u ouoopexumusy na 2021-2025 2z. (nomep 2ocpecucmpayuu 20211450 om 20.05.2021).
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H. X. BEJIOYC, C. II. POALEBHAY, O. B. JIYKIIIA
benapych, Munck, MHCTUTYT 00111€#1 M1 HEOPraHUYECKON XMMUHU
HAH benapycu

XUMHNYECKAA UTHTEHCUO®UKALIUA OBKUI'A
JOJIOMHUTOBOI'O CbIPbHA ITPU ITOJTYYEHHUHN
MAT'HE3HUAJIBHBIX BAXKYIHINX

Marnesnansublie Bsokymue (qanee — MB) pasnuaHoro (pyHKIIMOHATEHOTO
Ha3HAUEHUS 3aHUMAIOT BaXXHOE MECTO B OEJIOPYCCKOM CTPOUTEIHLHOM
MaTEepUaJOBEICHUU M HCIOIB3YIOTCS S TMOJNYyYEHHUs TEIUIOU30JSIIIMOHHBIX,
KOHCTPYKIMOHHBIX, OTACIIOYHBIX, 3aKJIaJI0YHBbIX, TaMIIOHAKHBIX MAaTEepPHAJIOB.
[Tomyuenne MB ocymiecTBiasieTcss 3aTBOPEHUMEM AKTUBHBIX KOMIIOHEHTOB
MarfHe3naibHOTO Chiphsi (MgO) HaCHIIICHHBIMH PacTBOpPaMU  XJIOPHJIOB,
cyabpaTtoB U KapOboHaToB MarHus [1]. BblcokomarnesuanabHble TOPOJIBI
(MarHe3uThl M OpYCHUTHI) NPUMEHSIOTCS B IPOU3BOACTBAX OIHEYIOPOB,
METAJJIMYECKOI0 MarHus, MjaacTMacc, MeXay TeM Kak JUIsl peCypCOIKOHOMHHU
U CHIXKEHHs cTouMocTd MB mnepcrnekTHMBHO HCHONb30BaHUE JOJIOMHUTOBOIO
CBIPbsl, MPUHAAIEKALIETO K HanOoJiee pacpoCTpaHEHHBIM HU3KOMAarHe3UaJlbHbIM
nopogaMm. Mmenno nposnomutel (CaMg(COs)z) SIBISIOTCA COMYTCTBYIOLICH
OpOJI0N MpH A00bIYE MAarHe3UTOB M MPAKTHUUECKHU MOJHOCTHIO CKIAJAUPYIOTCS
B OTBajax, OKa3blBasi 3HAUUTENIbHbIE HATPY3KU HA OKPYKAIOIILYIO CpEy.

[Torydenune okcuaa Maraus u3 JOJIOMUTA MPOBOAT ITyTEM €T0 00KHTa MPH
BbICOKOW Temmepatype [2]. Ha mepBoii cramum mporecca oOpasyercs MgO,
HEeoOXoauMbI i1 mosiydeHuss MB, Ha BTOpoll — U3 HEpPa3IOKUBIIETOCH
kanbuuta (CaCOs3) popmupyerca CaO, oTpULIATENBHO BIMSIOMIUN HAa KAYECTBO
MB [2]. OcoOeHHOCTh TEPMHUYECCKOTO Pa3jIOKEHHUS 3aKI0YacTCs B TOM, YTO
9TH CTAJIUM HAKIIAJBIBAIOTCS JIPYT Ha JpPYyra, B Pe3yJIbTaTe€ CIOKHO TMOJYyYHTh
CBIpbE C BBICOKHM coiepxkanueM MgO 6e3 oopazoBanus Ca0, criocoOCTBYIOIIETO
pPacTpeCKMBAHUIO M CamMOpa3pyLUICHUI0 MarHe3MaJbHOrO KaMHs, BCIEICTBUE
Yero BO3HUKAET HEOOXOUMOCTH IMOI00pa pEeKUMa 00KUTa C Y3KUM WHTEPBAJIOM
BapbUpPOBaHUS TeMmIepaTypbl. B gaHHOM ciydae mpoiiecc HEOOXOIUMO BECTH
Tak, 4YToObl TIpu MakcuManbHOM aekapOoHu3zammu MgCO3 HCKIIOYUTH
pasnoxenue kanpiura (CaCOs).

Jist perieHust JaHHOM MpoOsIeMbl repes 00KUTOM UCTIONIB3YOTCS POIUTKA
JOJIOMHUTa PAacTBOPaMH WHTEHCHU(PHUKATOPOB, CpPEAM KOTOPBIX  XOPOIIYIO
3 PEKTUBHOCTh JEMOHCTPUPYIOT XJIOPHUIBI INEIOYHBIX W IIEIOYHO3EMENBHBIX
METaJUIOB, 4YTO OOYCJIOBJIEHO CIIOCOOHOCTBIO HMOHOB  aJCOpPOMPOBATHCS
U3 BOJHOIO pacTBOpa Ha 3apsbKEHHOW MOBEpXHOCTH nojomuta. Ilpu BeIOOpE
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MHTCHCU(PHUKATOPOB HUCCIIEIOBATENIM PYKOBOACTBYIOTCS 3HAYCHHSIMH HOHHOTO
paauyca W 3JIEKTPOOTPHULATEIbBHOCTH KATHOHA W AHUOHA, CIIOCOOHOCTBHIO
IpU HarpeBe AMCCOIMUPOBATH HAa WOHBI, YCIOBUSIMH OOpa3oBaHUS paclljiaBa
(kunkou (a3pl) U TemmepaTypodl ero 1uiaBieHus. MzectHo [3], uyTO
3¢ (HEeKTUBHOCTh 100aBOK yOBIBA€T C YBEJIMYEHUEM 3JIEKTPOOTPULIATEITHLHOCTH
kaTtuoHoB B psxy K*> Na* > Lit > Mg?* > Zn?" > Fe?* > Cu®' u yMmeHbleHHEM
AIEKTPOOTPULIATENLHOCTH aHUOHA. K 3¢ peKTUBHBIM no0aBKaM-
MHTEHCU(UKATOPAM OTHOCAT W XJIOPUJIbl MArHUS W HATPHsl, MOCKOIBKY OHH
collepKaT B CTPYKType XUMHUYECKHA CBSI3aHHYIO BOJY W HUMEIOT cladbie
MEXUOHHBIE CBs3M [4]. B nanHo# paboTe B KauecTBE MPOMUTOYHBIX PacTBOPOB,
KOTOPBIMU 00pa0aThIBaIN JOJOMUT, UCIIOJIb30BAIHNCH KUIAKUE OTXObI COJIEBBIX
pa3paborok: orxonbl ranmura (OI'), HackimenHbie pacTBOpbl NaCl MI0THOCTBIO
1,35 r/cm®, KkOTOpBIE SBIAIOTCA NOOOYHBIM HPOAYKTOM  (DIIOTAIIMOHHOTO,
raJypruyeckoro 1 KOMOMHMPOBAHHOTO O0OTaIlleHHs MOJUTAIMTOB, a TAKXKE UX
cmecu (OI" + BII) B maccoBoM cooTHoteHuH 1 @ 10 ¢ OUIOQUTOBBIM IIETIOKOM,
HachIIEHHBIM pacTBopoM MgCl, 6H,O mmotnocteio 1,33 r/em® npwm
KoHIeHTpauuu 3 % oT Macchl aonoMuTa. BaXHO OTMETHTH, YTO KOJUYECTBO
OTXOJIOB COJIEBBIX pPa3pabOTOK C KaXJbIM TOJOM YBEIMYMBACTCS U UX
YTUIN3aLUs IPECTaBIsET COO0N aKTyalbHYIO 33auy.

B mnacrosimieit paboTre mnpoBeAeH CpaBHUTEIbHBIM aHaIu3 (PU3UKO-
MEXaHUYECKUX XapaKTepUCTHK 00pa3ioB MB, MoiayyeHHBIX ¢ HCIOIb30BAaHUEM
HEoOpaOOTaHHOTO W NPONUTAHHOTO HHTECHCU(PUIMPYIOIIMMH  XJIOPUIHBIMU
pactBopamu (CaMg(COs3),;) («OAO [onmomut» (Pyba, BureOckas 006iacTb,
PecnyOnuka benapych), B 3aBUCUMOCTH OT PEXHUMOB €ro o0Xwura.
[IpenBaputenbHO pa3MosioThie U oTcesiHHbIE Ha cuTe 008 (0cTaTOK HE MPEBBIIIACT
35 %) ob6pa3upl mocie oOxkura 3arBopsui OumoguToBeiM wienokoMm (BIII),
JKUJIKO-TBEPJIOE COOTHOIIIGHHE cMecell BappupoBanu B mpeaemax 0,58—0,85.
OTMmeueHo, 4TO MPHU UCHOJIB30BaHUHU B KaUeCTBE MHTEHCU(PHUKATOPOB PAaCTBOPOB
OI' u OI'+BII nomon nonomuta nepex 3atBopeHueM bl ocyiiecTBisICs JETKO,
4YTO B JAJBHEWINEM IMO3BOJIMT CHU3MTH 3aTpaThl 3JEKTPO3HEPIMU HA JaHHOU
CTaIuy TEXHOJOTHYECKOro Ipoliecca Ha mpousBojctBe. s MB  Obumm
ONpEJENeHbl CPOKM CXBAaThIBaHMS (HAYajlo MW KOHEL), KHHETHKa Habopa
MPOYHOCTH, TNIOTHOCTb.

Bnugaue Buaa uHTeHCU(UKATOpa, BPEMEHUM U TeMIIEpaTypbl OO0KWra
Ha U3MEHEeHMs ()a30BOr0 COCTaBa JOJOMHUTA U3y4alld METOJAAMH TEPMUUYECKOTO
U peHTreHoda3zoBoro ananusa. [Ipu mpoBeeHnH TEPMUUECKOTO aHATN3a HABECKa
npoObl coctaBisuia S00-600 mr, ckopocTh mogbema TemiepaTypbl S5 °C/MuH,
MakcumanbHas Temrepatypa 1000 °C. IlomyyeHHble pe3ysbTaThl (pUcCyHOK 1,
KpuBas 1) CBUAETENBCTBYIOT O TOM, YTO JUIsl HCXOJHOIO JOJOMHUTA XapaKTEepPHO
HAJIO)KEHHE TEMIEPAaTypHbIX HMHTEPBAJIOB  JeKapOOHU3allMd  MarHUEBOM
1 KanbireBo coctapisronux (830 °C), mpuBosiiiee K HeOOXOAUMOCTH TOYHOTO
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BBIJICP)KUBAHMS PEKUMOB O0XKHUTA U UX PETYJIMPOBAHUS B CBS3H C BO3ZMOKXHBIMH
U3MCHCHUSIMU XHUMHKO-MUHEPAIOTHYECKOTO COCTaBa M0JIOMUTA. [IOCKOJIBKY
B MPOMBINIJICHHBIX MAacIITadax 3TO TPYIHOJAOCTHIKUMO, PE3yJTbTaTOM SIBIISCTCS
HEMPUTOHBIA ISl CTPOUTENBHBIX II€JIe MaTepuai ¢ BBICOKUM COJEp>KaHUEM
CaO. IIpumenenue pactBopoB OI' u OI'+BIl[ B kauecTBe MHTEHCUPHUKATOPOB
npu o0xure gosoMuTa (pUCYHOK 1, KkpuBble 2, 3) 00yCIOBIMBAECT HE TOJBKO
CHIDKEHHE TeMITepaTyphl JekapOOHU3aIlM MarHueBou cocTasistoniei 10 620 °C
(OI'+BILI), 680 °C (OI') u xanpuueBoi kommnoHeHTsI 10 800 °C, HO U MO3BOJIAET
pa3enuTh JaHHbIE MPOLECCHl M CO3/IaTh IIMPOKUA TEeMIIepaTypHBI HUHTEpBaJ
(620—800 °C) myist mosyyeHHs KAYECTBEHHOTO BSKYIIETO.

T % OTT [(%hanH)

i
L e s S e e i f

0.0

100 200 300 400 500 800 700 200 900
Temnepatype I°C

Pucynok 1 — JlepuBaTorpaMmbl 00pa3ioB HEMOU(PHITMPOBAHHOTO JOJIOMHUTA
(1), nonomura, npornuranHoro xxkugkum Ol (2) u cmeckro OT'+BI] (3)

YcTaHoBI€HO, YTO JIsi HEMOIU(DUIIMPOBAHHOTO JOJIOMUTA ONTHUMAabHAs
temneparypa obxwura cocrtaBmger 800°C, B TO BpeMs Kak IS
MOAU(PUITUPOBAHHOTO CHIPhs 3TO MoKa3areib cHkeH Ha 100 °C. YMmeHsbIieHue
TeMrepaTypbl 00XKUTra MO3BOJIUT COKPATUTH PACXOJbl Ha TOIUIUBO, YBEJIUYUTH
BBIXOJI MPOAYKIIUU U MOBBICUT CPOK CITy OBl MaTeprasia PyTepoBKH TEUH.

Pe3ynbTaThl KOJTUYECTBEHHOTO PEHTIeHO()A30BOI0 aHAIU3a JOJIOMUTOBOTO
CBIpbsl TIOCJIE €ro oOKWra TMpeacTaBieHbl B Tabiuile. YCTaHOBJIEHO, 4YTO
cojepkanue Kpuctajummdeckoro MgO B HeMoauGUIIMPOBAHHOM JOJIOMUTE
U jojomute, oOpaboraHHOM cMechio pacTBopoB OI'+blll, cocraBnser 32-35
u 33 % cooTBeTcTBeHHO, TMpu HToM B mponutaHHoM OI' coxpepkanue
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okcuaa Marams He mnpeBbimaetr 15 %. OpHako clieayer OTMETHUTh, YTO
B HEMOJU(PHUITUPOBAHHOM JOJIOMHUTOBOM CHIpbE (DUKCHUPYETCS U OOJIBIIOE
conepxkanne CaO, KOTOpoe MHTCHCUBHO yBenunuuBaercs (mo 52 %) mpu pocte
BPEMEHHU BBIJIEPKKH CBIPbS, YTO OOBSICHSIET HU3KHUE MPOYHOCTHBIE CBOMCTBA
MB Ha ero ocHoBe. [10710KUTETHHBIM MOMEHTOM SIBJISIETCS TO, UTO YBEIUUYCHHE
BpeMeHU 00kura oOpasioB, MOAUGPUIMPOBAHHBIX XJIOPHIAMH, HE MPUBOAUT
K PE3KOMY CHHXEHHUIO KOJUYECTBA KPUCTAUIMYECKOTO KaJbLIUTa U POCTY
coaepxkanus CaO.

Tabnuia — 3aBUCUMOCTh COJEPKaHUSI KPUCTATMYECKUX (a3 B 000K KEHHOM
JIOJIOMHUTE OT BpeMEHU 00KUTa

Homnomur /
. Jlomomut Honomur / O BIL[+OT
puctaumaeckue $haspl Bpens o0Hra, MIH,
60 | 120 | 180 | 60 | 120 | 180 | 60 | 120 | 180

MgO, mac. % 12 32 35 3 15 9 18 | 17 33
CaCOs, xanpuut, Mac. % 81 22 8 86 77 83 76 74 48
CaO, mac. % 5 42 52 - 2 3 - 3 8
Mg4SieO15(OH)2-6H20,

0 2 — — — — — 2 — —
cenuoyut, Mac. %
Ca(OH)2, rumpokcu B 4 5 B B B B 3 8
KajabLusg, Mac. %
NaCl, raaut, mac. % - - - 10 5 4 2 2 2
KCI, cunbBut, mac. % — — — 1 1 1 1 1 1
KMgs(SizAl)O10(OH)2 B B B B _ _ 1 _ _
¢noronur, mac. %

O} pekTUBHOCTh CHUKEHUS TEMIIEpaTypbl B TpUcyTcTBUM oTX0Aa OI'+bII]
npeBbimaer  3pdexr ot npomnutkn OI, uyto o0O0ycioBaeHO OobIIe
MHTEHCU(UKaUeld KojJeOaHU MOHOB KPUCTAJUIMUECKOW PELIETKHA JI0JOMUTA
M paHHUM pa3pbiBOM cBsA3ei B Heu. [Iponmutka OI'+BII] mo3BossieT CHU3UTH
TeMIiepaTypy oOkura JojoMuTta mo cpaBHeHHio c¢ mpormtkort OI' Ha 60 °C.
OObsicHeHueM Ooubliiero dpdexra Takoi MPOMUTKU SIBISETCS TO, UTO, COTIACHO
[4], cBsI3b MeXIly MOHOM XJIOpa ¥ OCTaJbHOM YaCTBhIO MOJICKYJBI Y XJIOpHIA
MarHusi cimabee, yem y xiyopuja Hatpus B 1,3 pasza. YCTaHOBIEHO, YTO
C YBEJIMUEHHUEM BpEeMEHH 00>kUra MOIU(UIIMPOBAHHBIX JOJOMUTOB Ha CBOMCTBA
MB noka3zaTenb KHIKO-TBEPIOTO COOTHOIICHHUS, HEOOXOAUMOTO ISl OTYYCHHUS
TeCTa HOPMaJIbHOM T'yCTOTBI, BO3PACTAET MOUTH B 2 pasa, YTO CBUJIETEIbCTBYET
00 yBEJIMYEHUU YAEIIbHON MOBEPXHOCTH M, COOTBETCTBEHHO, BOJOMOTPEOHOCTH
UCIIOJB3YyeMOoro Ccoipbsi. IlmoTHOCTH 00pa3iioB MB Ha ocHOBe 11eOHS
CHIDKAIOTCS NIPY yBEJIMYEHMH BpeMeHH oOxwura ot 1,85 mo 1,61 1/ cm?,
T.€. POCT NPOJOJDKUTEIBHOCTH O0XHUIa CIOCOOCTBYET  pa3pbIXJIEHUIO
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CTpyKTypsl MB, cOOTBETCTBEHHO yMEHbINas MPOYHOCTHBIE TMokazarenn MB.
B cooTBeTcTBHM C 3THM BpeMsl BBIACPKKH JOJIOMHUTA MPU OOXKUTE HE JOIKHO
npeBbIaTh 60 MUHYT.

Ha ocHoBaHMM NpeICTaBIEHHBIX B TaOJIMLE JaHHBIX MOXHO CHEJIaTh
BBIBOJI, YTO IPOINUTAHHBIA JOJIOMHUT, B OTIMYHE OT HEMOAU(PUIMPOBAHHOTO,
COCTOMT HE U3 TPEX, & U3 JIByX OCHOBHBIX KPUCTAJUIMUECKUX (Da3, OTBEUAIOIINX
3a mpouecc TBepaeHus MB (okcupa marHus u Kajbiuta). OCOOEHHOCTH
¢dopmupoBanus kpuctauioB MgO wu kampuura, ux ¢GopMa U pa3Mepsl
OIPENEISAIOT CKOPOCTh XUMHUYECKUX peakUui, MPOTEKAIUX HpU TBEPACHUU
MB, cTpykTypy 00pa3yromerocss KaMHs 1 €ro OCHOBHBIE CBOMCTBA, B IEPBYIO
odepeb IPOYHOCTH MB (pucyHok 2).
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Pucynoxk 2 — Kunetuka nabopa nmpoyHocT# npu cxatuu MB
Ha OCHOBE JIOJIOMHUTA

B MoaudpuuupoBaHHBIX JOJIOMUTaX OOHAPYKUBAETCS OTHOCHTEIIBHO
HEBBICOKOE cojepxkaHue MgO, OJHAKO OH MOXKET HaXOAUThCS B MEHEe
OKPHUCTAJJTM30BAHHOM, Y€M B UCXOAHOM HEMOAU(PUIIMPOBAHHOM ChIpbe, (hopMme,
YTO OKa3bIBAET MOJIOKUTEIBLHOE BIMSIHUE HA €r0 THAPATAIMOHHYIO aKTUBHOCTb.
Kpucramnoxummueckue OCOOEHHOCTH €ro CTPYKTypbl, cialbasg CTENeHb
OKPHUCTAJJTM30BAHHOCTHU U BHICOKAsl aKTUBHOCTh 00€CTIEUNBAIOTCS PUCYTCTBUEM
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B CHCTEME MHUKPOHAMOJHUTENSI — KaJblMTa, KOTOPBIM MPEHSTCTBYET POCTY
KPUCTAJUIOB OKCHJIa, MPOYHO CpacTraercss ¢ NpoayKTamu TBepaeHus MB,
JOTIOJIHUTENILHO ynpouHsisi uX. Kak cienyer u3 pe3yiabTaTOB HU3Yy4YEHUS
MPOYHOCTHBIX XapakTepucTuk MB, uHTeHcudukanus 00kuUra J0JIOMHUTOBOTO
nieOHsl TMO3BOJSIET MOAyuyuTh MB, He ycTynaomue 10 MPOYHOCTHBIM
XapaKTEPUCTUKAM BSKYIIIUM M3 BBICOKOMAarHe3UaJIbHbIX MTOPO/I.

Takum 00pa3oM, ObLIIM ONITUMU3UPOBAHBI PEKUMBI 00KHUTA JJOJIOMUTOBOTO
nieOHs, MOJU(DUIIMPOBAHHOTO >KUJIKHUMH OTXOJaMHU TaUTa M MX CMECHIO
c OuUIIOPUTOBBIM IIEJIOKOM M YCTAaHOBJIIEHO, YTO ONTHUMAJIbHBIM SIBIISIETCA
oOxwur 1medHsa npu 700 °C B teuenue 1 yaca. [Ipu MCHOIB30BaHUM YKa3aHHBIX
WHTEHCU(UKATOPOB  ymaeTcs  CHU3UTh  MAaKCUMyMBl  JIeKapOOHHU3AIHH
cocTaBJsironux meoHs: Maraust Ha 150 u 210 °C, xanbuus — Ha 30 °C, pa3aenursb
WX, ONTUMHU3UPOBATh KOJMYECTBEHHBIH COCTaB, yOpaB OKCHUJl KaJbIUs
U YBEIUYUB COJACP)KAHME KalblIUTa, CO3/aTh MIUPOKHN TeMIepaTypHBIM
MHTEpPBAJ MOJIyYEHHUS Ka4€CTBEHHOI0 MarHe3uajabHOro BspKyliero. Ilpounoctu
IpU CXKAaTUM TOJYYEHHBIX Ha OCHOBe MoauduimpoBanHoro meodus MB
nocturatlor 43-45 Mlla, uyto mnpubnmxeHo k npouyHoctd MB Ha ocHoOBe
OpycuTa W MarHe3uTa. YUHTHIBAas, 4YTO CTOMMOCTH JOJIOMHTOBOTO CBIPbhS
Ha MOPSA0K HUKE CTOMMOCTH TMOCIEIHUX, TAHHOE HAMPABJICHUE UCCIEAOBAHUN
ABJISIETCS AKTyaJIbHBIM U TIEPCIIEKTUBHBIM.
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BJIMSTHUE MOJIU®UKALINYA MAJILIMUA
KOHLEHTPALIMSIMA AMMOHUS MOJIUJIA HA TIPOLIECC
JNETPAJIAIIMA MOHOXJIOP3AMEIIEHHBIX
METAJLUIOPTAHUYECKHAX IMTEPOBCKUTOB

BHuMaHue yueHBIX yKe TaBHO MPUBJICUYCHO K pa3padoTKe 3(PHEeKTHBHBIX
CPEICTB NMpeoOpa30oBaHMs COJIHEYHOM SHEPruu B 3JIEKTpol3Hepruto. [loBbimeH-
HBIi MHTEpeC K (POTOIIEKTPUUECKOMY METOAY OOYCJIOBIEH peabHOM
BO3MOKHOCTBIO CO3/JaHUSI OTHOCHUTEILHO CTaOMIIbHBIX, HEJOPOTHX U MPOCTHIX
B M3TOTOBJICHUH COJHEYHBIX 3JIEMEHTOB C OTHOCHUTEILHO BBICOKUM KO3 duIm-
eHTOM TIpeoOpa3oBanus HSHepruu. [lo »TUM mnpuyrHamM B (OTOBOJHTAUKE
BOCTpeOOBaHbI THOPUIHBIE METAJUIOPTAHUYECKHE TIEPOBCKUTHBIC AIEMEHTHI [ 1].

Kpucrannmuueckass  CTpykTypa  THOPUIHBIX  TaJOTCHILTIOMOATHBIX
MmeTaiutopranndeckux mnepoBckuToB Bupa CH3NHsPbls paccmarpuBaercs kak
HEOPraHWYEeCKUd OJIOK COEIMHEHHBIX II0 BEPIIMHAM  OKTA3PUYECKUX
coenuHeHud Pbls, B KyOOOKTa3pHUECKMX MYyCTOTaX KOTOPOTO PaCHOJIOKEHBI
MeTHJIaMMOHHUEBbIe opranndeckue katrnoHsl CH3NH3", cBsi3anHbIe ¢ aHMOHHON
TIOJIPEIIIETKOM 32 CUET AJIEKTPOCTATHICCKOT0 B3aUMOICHCTBHUS (PUCYHOK 1, a) [2].

VYropaBnsemass KpucTaulM3alus HMEET MPAaKTUYECKOe 3HAuYeHHUe s
MOJYYEHHUS BBICOKOKAUYE€CTBEHHBIX TOHKUX TUIEHOK MEPOBCKUTA C YMEHbBIICHHBIM
KOJIMYECTBOM CTPYKTYpPHBIX JedexToB. JloHOpPHI 35IeKTpOoHHBIX map (a3oT,
KHCIIOPOJl U cepa) B KauyeCTBE TMOCTOPOHHUX JO0OABOK CBSI3bIBAIOT KATHOHBI
METAJIJIOB B TEPOBCKUTAX W BIHUSIOT HAa JIATEPAIBbHBIA POCT KPHUCTAJIUTOB.
O6pazupl, MomudumupoBanHble N- u O-moHOpamMHu, ITOKa3bIBAIOT OoJiee
KOMITaKTHYI0 MOP(OJIOTHIO, MOBBIIICHHYIO KPUCTAIUIMYHOCTh M pa3Mep 3€peH.
B HEKOTOPBIX UCCIIEAOBAHUSAX UCTIOIB30BATMCH AMUHBI C ITTMHHBIMU YTJI€BO0PO/I-
HBIMH XBOCTaMHU JIJIs1 MOP(OJIOTMYECKOMN PEryIsIIIMM TOHKUX IJIEHOK IEPOBCKUTA,
HO JAHHBIE COCAMHEHMS MMOKA3aIN HEYJOBIECTBOPUTEIbHBIE pE3yIbTaThl [3].

Bnara sBnsercs onHuM U3 HauOoJiee pacnpoOCTPaHEHHBIX (HAKTOPOB
OKpYXalolllel Cpelbl, BIUSAIOIMIMX Ha CTAOMIBHOCTb COJIHEYHBIX 3JIEMEHTOB.
[Ipeanonaraercst nerpanauus TEPOBCKUTHBIX IUIEHOK, MEXaHU3M KOTOPOM
MOXHO OMHCaTh CIEAYIOMMM 00pa3oM: MOJIEKYJbl BOJBI MPOHHUKAIOT
B CTPYKTYpy TIEpOBCKHTa U OOpa3ylOT MPOMEKYTOYHBIA MOHOTHUIPAT
CH3NH3Pblg'H,O u xomeunsrii gurmapar CH3NHsPbls-2H,O neposckura.
Moutekyibl BOJBI B KPUCTAUIaX MEPOBCKUTA 0OpPa3yIOT MPOUYHBIE BOJIOPOIHBIC
CBs3U C oprannueckumu katuoHamu O--H, ocmabnss cBs3zp H-1 mexnmy
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KaTHOHOM U Pbls, 4TO ycKOpsieT nenpOoTOHHPOBAHHME OPraHUYECKOrO KaTHOHA
U pa3pyLieHue nepoBckuTa [4].

X=Cl,I,Br

BZ+=Pb2+'sn2+

All-Inorganic Organic-Inorganic
Halide Perovskite Halide Perovskite

A*=Cs*,Rb* A*=CH3NH3*,HC(NH,),*
a

A e

Pucynok 1 — Kpucrainmuueckast CTpykTypa nepoBckuta (a); Mophoiaorus
MJIeHOK ucxoHoro cMemandoro I/Cl nepoBckura (6), MoaUpUIIUPOBAHHBIX:
1o (6 — 5 1/m, 0 — 10 r/n) u mocne (¢ — 5 r/mn, e — 10 /1) nerpagaryu
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Lenbto pabOTHI ABISETCS UCCIETOBAHUE BIUSHUS MOAU(PUKALUN HOTUIOM
aMMOHHS B MaiblX KoHUEHTpauusax (5 u 10 /1) Ha XUMUYECKHI COCTaB H
CTPYKTYpYy NMEPOBCKUTHBIX IJIEHOK JI0 M TOcie Aerpaganuu. [neHKkn ToamuHOMl
0,8-1,0 mMxMm ObuTHM TIONYyuYeHBl lLeHTpudyrupoBanuem (500 006/MuH), 3aTem
omkuranuch pu T =100 °C B Teuenne 5 munyT. Kuakodasueiii mpekypcop
nepoBckuta CH3NH3PbCll, (60 /1) mnony4yamu cMemmBaHUEM XJIOpUA
metriammonusi CH3NHsCl ¢ Pbl; (1:1) B mumermindopmamuae, NHyl
N00aBIIsIIA B HYXKHOM KOJMYECTBE IMIPU [EpPEMENIMBAHUU HEOOIBIIUMHU
nopuusiMi. CTPYKTYpy MHOJYUYEHHBIX MOKPBITHI HCCIENOBAIM Ha ONTUYECKOM
Mukpockonne MKHU-2M npu yBeamuenuun x500. s da3oBoro anamuza
IIEPOBCKUTHBIX MOKPBITHN MOcie 12 THeW BpIIEPKUBAHUS B OKPYKAIOLIEN Cpelie
UCIIOJIB30BAIM  peHTreHoBckuil  audpakromerp  JPOH-3.0.  Cvemky
PEHTreHOrPaMM HPOBOJIMIIM C HCHOIb30BaHueM u3mydenus CoK, (A= 1,78896 A)
co ckopocThio 1 rpag-mud l. JIMHUKM Ha PEHTreHOrpaMMax UIEHTU()UIIUPOBAIIK
1o nanHbiM kaptorek JCPDS u COD.

[Inenku cmemanHoro I/Cl mepoBckuTa, MOJNy4YeHHbIE MPU OTCYTCTBUU
Moaudukanuii 1 ¢ nodaBkoit NHal, umenu uepnsiii 11Bet. O6pazerr 6e3 100aBOK
COCTOSUI M3 MEJKHX KBaApaTHbIX KpuctamuToB 3,40-6,30 MKM C peakumu
OPOMEXYTKaMU Mexay HuMu. OTaenbHble MUKPOKPUCTAIIBI  COOMpAIUCh
B UACTHIBI OKpYrJIoW ¢opmbl auameTpoM jgo 9,0 MM (pucyHok 1, 6).
Conepxxanne NHyl 5 r/n npuBoanio K 3HaUUTEILHOMY YMEHBIIEHUIO pa3Mepa
U KOJMYECTBA IyCTOT, KPUCTAIUTHI JIMHOW 2,23-3,40 MKM coOupaiuch
BOCIMHO B 3Be3m4arhbie arperathl pasmepamu 11,80-30,33 MM (pucyHOK 1, 6).
[IpumepHo uepe3 20 MHHYT MoOci€ TMOJIYYEHUs IUIEHKH O0O0pa30BaIMCh
Oenmple  0aHTOOOpAa3HBIC KPUCTALIBI JTMHOW oKkoio 2,0 MM (pUCYHOK 1, 2),
YTO yKa3blBa€T Ha WHTEHCUBHYIO JETpajlalliio C TEYCHHEM BpEMEHU
JOMMPOBAHHOTO EPOBCKHUTA.

AHaNOTHYHOE TOBEACHHUE BBISBICHO I KOHICHTPAIMM aMMOHHUEBOM
conu 10 r/n. B cBexkenpuroToBIeHHOM 00pa3ie 0OHApy>KEHbl MHOT'OYHCIICHHbBIE
MEJIKUE TOYEYHBIE M KPYIHbIE JUCTOOOpa3Hble KPUCTAUIUTHI JJIMHOM OKOJIO
30 MKM, XaOTHYHO pa30pOCaHHbIE 110 BCEH MOBEPXHOCTH IUIEHKH (PHCYHOK 1, 0).
XapakTep MEXKPUCTAJUIMTHBIX NPOMEXYTKOB He MeHsuica. Yepe3 30 mMuHYyT
00pa3oBauch OesIble BETBSIINECS COSTMHCHHS Ha BceM o0Opasiie (pUCyHOK 1, e).

[Tpu nzyuyenuu pentrenorpamm cmemanHoro I/Cl nepoBckuTa nerpaganust
ucxonuoro BemectBa (CH3NH3CIPbl,) mposiBisiace B Hammuuu pediekcoB
PbCl, (26 =25,80; 50,60; | = 2-3 %), PbICI, HCI, HI u apyrux mpomykToB
paznoxxenus. Takxke oOHapyxeHbl ruapokcuabl raigoreHunoB (Pb(OH)CI,
Pb(OH)I) u oxcuranorenuasl (PbszO:l,, Pb,OCI,, Pb;OgCl,) cBunma, PbO-H,0O
u Pb(OH); (pucynok 2, kpuBas 1). CoaepkaHue aTOMapHOTO U MOJIEKYJISIPHOTO
fona B He3HAuMTEIbHBIX KommdecTBax (20 (I2) = 34,10 u 36,60; 20 (I) = 39,20
u 50,60) oOHapyKUBaeTCs U3-3a OKUCIUTENBHBIX U PAJIUKATIBHBIX MpeBpalieHui [,
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Hammune  pedmexcoB  coemunenmss ~ CH3NHs;Pbl;  oOwsicHseTcs
NPOTCKAaHUEM pEaKIMK 3aMElICHUsT ¢ oOpa3oBaHUEM 0ojee YCTOWYHBOTO
HWOJTHOTO TIEPOBCKHUTA:

CH3NHsCIPbl, + I- — CH3NH3Pbls + CI-. (1)

[Tocne 06paboTku NH4I n3Menenme BHETHETO BU/IA MJICHKU YKa3bIBAJIO Ha
YCHJIGHUE Jerpajallid, O Ye€M CBHUAETEIbCTBYET YBEIHUYCHHUE KOJIMYECTBA U
UHTCHCUBHOCTEH pedIeKCOoB, COOTBETCTBYIOIIUX TMPOIYKTaM pa3oKeHUs,
ocHoBHBIe U3 KoTOpBIX: PbICI, Pb,OCl;, PbCly, PbosCl,, Pb(OH)CI, Pb(OH)I,
Pb3O:l; (pucynok 2, kpuBas 2).

B oTinMuyme OT HCXOMHOTO COEIMHEHHUS, OOpa3ylolero MOHOTHApAT
coctaBa CH3NH3PbCll;-H,O, B MoauduirpoBaHHOM NEPOBCKUTE COICPIKUTCS U
BTopoii MoHoruapat NH4CIPbl,-H,0, Hanndre KoToporo ycKopseT pas3ioKeHHe
NepoBCKUTA. M3-3a OTCYTCTBHS ANKHIBHBIX 3amMecTuTeNiell y katuona NHg',
CIIEICTBUEM YEro SBJSETCS IOBBIIIEHHAs CIOCOOHOCTh COOTBETCTBYIOLIUX
BEILIECTB K TUApATAllMM, BTOPOM THUII MOHOTHApara o0pasyercs B OojbllIeM
kommuecTBe. O KONMYECTBE MOJIEKYJ BOJBI B THApPATaX CBHUIETEIbCTBYET
oOpaTUMBIIl XapakTep U3MEHEHUs IUIEHOK: IPU HarpeBaHuu B TeueHue 20 ¢ npu
T =100 °C npoucxoauT BOCCTAHOBJICHUE BHEIIIHETO BHUJIA JI0 IEPBOHAYAIILHOTO,

4TO XapaKTEPHO TOJIBKO IS MOHOTUIPATOB.
1-CH,NH,PbI,
2-PhCl,
189 3-PbO*H,0
41,
18, 5-Ph(OH),
6-1
7-Ph, <Cl,
8-PbICI
9-Pb(OH)I
10-Pb(OH)C1
11-HI
12-HCI
13-Pb,0Cl,
14-Pb,0,1,
15-Pb,CL,OH
16-Pb,0,Cl,

" 1,8,9,11,12,14,15

HurencuBHocTb, %
| ]

JMudpakuuonnslii yroJ, 260

Pucynok 2 — ®a3oBsiii coctaB ucxoauoro I/Cl neposckuta (1) u ¢ nobaBineHuem
NH.I (10 1/mm) (2) mocne nHaxoxaeHust 12 qHEl B OKpy>KaroIIel cpee
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OcCHOBHOM TIpoIIecC Aerpafanuu MokeT ObITh n300pakeH (R = CHs, H):

RNHsPbCII, + H,O — RNH3PbCll»*H,O — HPbI,CI + RNHz'HzOT —

— HPbLL,CI + RNHQT + HQOT, (2)
HPb1,Cl — HCI + Pbl,, 3)
HPbI,Cl — HI + PbICI — HI + 0,5Pbl, + 0,5PbCl. (4)

Takum oOpa3zom, B X0/ie MCCIEAOBAaHUS CTPYKTYPHl U (pa30BOTO COCTaBa
NEePBOHAYAILHOTO  MOHOXJIOP3aMEIIEHHOTO TMEpPOBCKUTa OblIa  BBISIBICHA
MEJIKOKPUCTAJUINYECKAs] CTPYKTypa IOBEPXHOCTH, HEU3MEHHAas BO BPEMEHH.
Herpananusi ¢ oOpa3oBaHUEM COJIeH, OKCUTAJIOTEHUIOB U JIPYTUX COCAMHEHUI
CBHUHIIAa O0OHApPY>KUBAETCA TOJBKO IpH (Ha30BOM UCCIIEJOBAHUU TIIIEHOK, KOTOPHIE
MOJIBEPrajnuCch BO3JACHCTBUIO (PAKTOPOB OKPYKAIOLIEH Cpeabl, OCHOBHBIMH
U3 KOTOPBIX SIBISIFOTCS KUCIOPOJ U ITAPhI BOJBI.

[locne poGaBnmenuss manbix koiaumdecTB NHal oTMewanoch yckopeHue
pa3ioXKeHusi, KOTOPOE 3aK/IIoYajioch B 00pa30BaHUU OEbIX KPUCTAILIOB,
coctosiBiMx B ocHOBHOM u3 PbCly, PbICI, Pb(OH)CIl, Pb(OH)I u oxcurano-
TeHUI0B CBUHIIA, Yepe3 20—30 MUHYT moclie Moay4yeHus mieHok. OO0 yCKoOpeHHH
mpolecca TakKe CBUICTENBCTBYET 3aMETHOE YBEJIMYEHHUE KOJIMYECTBA
Y UHTEHCHUBHOCTH pe(JIeKCOB, COOTBETCTBYIOIINX MPOAYKTAM Pa3I0KECHHUS.

OmnpeneneH coctaB 00pa3ylIIMXCd B XOJA€ JAerpajaldyd THAPATOB.
Ha ocHOBaHMM BOCCTAHOBJICHHs BHEIIHETO BHUJA IUIEHOK JIO0 HMCXOJHOTO
npu HarpeBanuu npu T =100 °C B Teuenune 20 ¢ BBIABICH OOpaTUMBIA THI
IUApaTalyy, KOTOPBIM XapaKTepPEH TOJIBKO JUIsl MOHOTHIPATOB.

Hcxons W3 BBINOJHEHHBIX HMCCIEIOBAHUNA M TMOJYYEHHBIX pPE3yJbTaTOB,
ObUIO YCTaHOBJIEHO HETaTUBHOE BIUSHUE MajbIX KOJMYECTB aMMOHHUS Hoauaa
U3-32 €ro CTPYKTYPHBIX M XHMHUYECKHMX OCOOEHHOCTEH Ha MOp(OIOruio
U CTaOMIILHOCTH B OKpYyskarotieit cpeze I/Cl mepoBCKUTOB.
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YJIYYIIEHUE KAYECTBA MOKPBITUI ITPU OCAKIEHUMN
OJIOBA B DJIEKTPOJIMTAX C OPTAHMYECKUMU
JTOBABKAMM

B mHactosimiee Bpemsi OJIOBSHHBIE MOKPBITUSA IIMPOKO MPUMEHSIOTCS
B Pa3JINYHBIX OTPACIAX TEXHUKU. OJI0BO, OCAKIEHHOE XMMHUYECKUMHU CIIOCO0aMH,
UMEEeT TakKue MPEUMYIIECTBA, KaK PaBHOMEPHOCTh HAHECEHHs, OTCYTCTBHEM
KPUCTAJUIMYECKUX O0pa3oBaHUi cpa3y MOCIEe OCAXACHHS W MPU IITUTEIHHOM
XpaHEHUHU, HHU3KOH MOPHUCTOCTHIO, OTCYTCTBHEM HEKEIATENbHBIX NPUMECEH.
OTh KayecTBa HEOOXOAUMBI JUIsi oOecrHedeHus IMpolecca Mallku OJioBa
U Ja’dbHEHIIEro MOBEPXHOCTHOTO MOHTaXa, HMCIHOJIb3YEMOrO0 B TEXHOJIOTHH
W3TOTOBJICHUS TIE€YATHBIX IJIaT.

B mpoMBINIUIEHHOCTH MJiIi OCAXKIEHHUS OJIoBa pa3palbOTaHbl IIETOYHbBIC
U KHUCJIOTHBIE JJIEKTpoiuThl. Hanbosnee mnpuUMEHSEMBIMU U3 KHUCIOTHBIX
AJIEKTPOJUTOB  SIBJISIOTCS CEPHOKUCIBIE, T.K. OHHU JIOCTATOYHO IPOCTHI
B IIPUTOTOBJICHUM, CTAOWJIbHBI B T€UEHHE JIUTEIHLHOTO MPOMEXKYTKA BPEMEHU
U TPEJOCTABIAIOT BO3MOXKHOCTH IPOBEACHHS MPOILIECCOB MNPU KOMHATHOM
TeMIIepaType.

TunoBoil pacTBOp ISl 3JIEKTPOJIM3a MMEET CIEAYIOUH cocTaB: (T/):
SnCl,-2H,0 — 12; H,SO4 — 40, Na;SO4 — 30. [TonydyeHHBIE 3JIeKTPOXUMHUYESCKHM
COCOOOM U3 TOJOOHBIX PACTBOPOB TMOKPBITHUS OTJIMYAIOTCS  XOPOILIEH
IJIOTHOCTBIO CUEIUIEHHS] ¢ OCHOBOM, pABHOMEPHOCTBIO pacIpeiesieHHs] MeTasia
10 TTOKPBIBAEMOM MOBEpXHOCTH [1].

OpnHako B TAKOM 3JIEKTPOJIUTE JIEKTPOXUMHUUECKOE OCAXKICHUE BOZMOKHO
TONBKO NpHM HU3KMX IUIOoTHOCTAX Toka (j =0,25-0,50 A/mm?). Bomee Toro,
Py JJUTEIHHOM DJEKTPOOCAKICHUU HAONIOMAETCS YXYJIICHUE KadyecTBa
MOKPBITUMA, BIUIOTH JI0 OTCJIOCHMSI M HEXKEJIATCIbHOTO YBEIMYECHHS 3€pEH.
[Ipu TakoMm mpoiiecce BO3MOXKHO MOSIBIIEHUE KPYMHBIX KPUCTAIITUTOB BEIMYUHOM
ot 15 10 25 MKM U JeHAPUTHBIX 00pazoBanuii niauHoM ot 0,2 10 1,5 MKM.

Crnemyer OTMETHTh, YTO TPU DJICKTPOOCAKICHUU METAUIOB JBIDKYIIEH
CWJIOH POCTa 3€epHa SIBIIAETCS COKpAILEHUE MOBEPXHOCTHOM SHEPTUM T'PAHUIIBI
pazziena Ha TpaHULAX 3€peH. ['paHulbl C BBICOKOW HJHEpruedl o0pa3yroT
MpeANoUTUTENbHBIC TpaekTopuu s auddy3uun ososa. [Ipu pocte kpucTaion
IpaHUYHAs TOBEPXHOCTh TMPEJCTaBIsAeT CcO0OM 00JacTh MOBBIIIEHHOTO
oOpazoBaHus 1ePEKTOB U UCKaKEHUI [2].
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OxkpyXeHHE pa3InYHO OPHEHTHPOBAHHBIX W HEMPABUIBHBIX CTPYKTYD
3epeH MOXKET MIPUBECTH K TOMY, UTO IOCJIE MePEKPUCTATUTH3AINN OYyT CO3aHBI
OJIarONpuUsITHBIC YCIOBUS JI JAJIBHEHIIEr0 pocTa KpHUCTalia, YTO MPUBOJUT
K HEOJIAronmpusTHBIM MOP(OJOTHUECKUM SIBJICHUSAM (HAIIpUMeEp, POCT «yCOB» —
MOHOKPHCTAJIJIOB, 00pa30BaHHBIX M3 METAJUTMYECKOro [3-0JioBa, C JUAMETPOM
B HECKOJIbKO MUKPOMETPOB M JUTHHOH 110 2—4 MM) [2].

Jlns perieHust mpodsieM ¢ aepeKkTaMu U yIydIIeH!s KadyecTBa MOKPHITHMA
B psJie MCCIICAOBaHUN OBLIN MPEIJIOKEHBI I00aBKU B AJICKTPOJIUT, B TOM UHUCIIC
M BKJIIOYAIOIIUE TMOBEPXHOCTHO-AaKTHBHBIE BellecTBA. B HEKOTOpBIX paboTax
HCIIOJB3YIOTCS HM30THYPOHUEBBIE COJM W TPUXJIOPITUIAMUJIBI CYJIb(OHOBBIX
KUCJIOT, OJHAKO JIaHHbIE COCJIUHEHHS XapaKTEPU3ZYIOTCA  CIONKHOCTHIO
nonay4deHus [3].

[lenbto pabOTHI SBJISUIOCH MCCIIEIOBAHUE BIUSHUS BBEACHUS aMUHHBIX
J00aBOK B AJIEKTPOJIUT OCAXKIACHUS I UCCIIEAOBAHUS BEICOKUX IJIOTHOCTEN TOKA
IpU TOTYYEHUW TIOKPBHITUH TPHU BBICOKUX IIOTHOCTSAX TOKA W YBEIHUYCHUS
JUTUTEILHOCTH OCAXKACHUS 0€3 yXY/IIICHHs KaueCTBa MOKPBITHIA.

OcaxaeHue oJioBa MPOBOJWIOCH HAa MenHyk ¢oiery mapku MIM
tonuHoi 18 mxM. [lepen ocaxknenuem Gobry moaBepraiu TPABICHUIO, YTOOBI
MOJIYYUTh Pa3BUTONW pelibed MOBEPXHOCTH, B BOJIHOM pACTBOPE MEPEKUCH
BOJIOpOJia 5 T/J1 ¥ cepHOM KUCIOTHI 5 1/71 B Teuenue 30 c.

JUist  SKCHEpUMEHTOB  ObLI  BBIOpAaH  AJEKTPOJIUT cocTaBa  (T/1):
SnCl,-2H,0 — 12; H,SO,4 — 40, Na,SO,4 — 30, s>tuneHauaMuH 1u00 aHWINH —
10-100. JlmurenbHOCTH oOcaxaeHus cocraBmsuia 30 wMuHyT. 3HaYCHHS
noTHOCTel Toka (j) Bapeuposanuck B auanaszone 0,25; 0,50; 0,75 A/am?. Tlocne
OCaXJCHUSI TMOKPBITUM 00pa3lbl TIHIATEILHO MPOMBIBAIN IUCTHILIMPOBAHHOM
BOJIOM, CYIIMJIA MEXIY JUCTaMu (PUIbTpOBaJbHOM OyMaru U B CYIIWJIBHOM
mkady npu remneparype 100 + 5 °C.

Jlnst  pacueta  TOMIIUHBI  (POPMHUPYEMBIX TOKPBITUHA  MPOBOIUIN
B3BemmBanue Ha Becax Mapkun KERN ABT-220M ¢ tounocthio mo 107° T.
CtpyKTypa NMOKPBITUM HCClieIoBalach Ha onTu4eckoM Mukpockone MKHN-2M
c yBenuueHueM B 500 pas.

TonuHy Moay4YeHHBIX TOKPBITUI PACCYUTHIBAIIN IO (POPMYIIE:

Am-10000
d=—""2
ps

rae d — TommMHa MOKPBITUS (MKM), Am — pa3HOCTh Macc 00pa3IoB 10 U MOCIIEe
OCaXKIEHHS TOKPHITHA (r), p — IUIOTHOCTh IMOKphITHA (r/cM®), t — Bpewms
ocaxaenus (c), S — momaas HoBepxHOCTH 06pasua (cm?).
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CkopocThb pocTa MOJTYYCHHBIX MOKPBHITUH PACCUYNTHIBAIH 110 (OpMyIIe:

V =

da
t’

rae V — CKOpocTh pocTa MOKPHITHS (MKM/4), d — TONIIMHA MOKPBITHS (MKM),
t — BpeMst ocaxkieHust (4).

[Ipn >7I€KTPOOCAKAEHUM OJIOBa HAMOOJee KayeCTBEHHbBIE MOKPBITUS
tonmuHou 0,30-0,92 mMkm ¢ 3epHamu pazmepamu 1,5-6,3 MkM (B cpeaHem
2,1 MKkM) U BBITSHYTON (OpPMBI, paBHOMEpPHBIE U HE COJEpXAIIUe EHIPHUTOB,
TOJIy4aIuCh MPU MIOTHOCTAX Toka 0,25-0,5 A/nm?. Tlpudem ONOBSHHBIN CIIOM
MOJTyYaJICs CTUIONTHBIM IIPU OCAXKJIEHUU B TeueHue 60 MUHYT u 60Jee (pucyHOK 1,
a u 0). Pe3ynbrarhl uCCIEIOBaHMI TMOKa3ajdd, YTO CKOPOCTh POCTa IIJICHKH
C YBEJIMUYCHHEM TUIOTHOCTH TOKA BO3pacTalia JITHEHHO (PUCYHOK 1, 6).

[Ipu momyyeHnr MOKPBHITUN U3 AIEKTPOIUTA ¢ JOOABKOM dTUIICHINAMUHA
ONTUMANBHBIA PE3yJIbTaT B BHUJIC IMPOYHBIX, PABHOMEPHBIX, 03 OJIOBSHHBIX
«YyCOB» U WHBIX HEOJIAronpusTHHIX MOPGOIOTUYECKUX SBJICHUN TIJIEHOK
tonmuHor 0,11-0,30 MKM OB BBISIBJIEH B CIEAYIOIIMX PEXUMAaX: JAUANa30H
KoHIleHTparui  stuneHauamuaa C=20-60 1/m I TJIOTHOCTH — TOKa
j=0,25A/mm®>u C =60 r/n mia j = 0,50 A/nm? (pucynok 2, a: C = 20 r/m,
j = 0,25 A/nm?, Bpems ocaxaerus t = 30 MunyT, pazmep dactun 1,0-2,1 MKm).
[Mpu C > 60 r/m mnst Bceil uccnemayeMoit 0071acTH | BBISIBICHO WHTCHCHUBHOE
BBIJICJICHUE BOJIOPO/IA, YXYAIIAIOIIEE KAYECTBO MOKPBITUH.

00 01 02 03 04 05 06 07 08

ILaornocts Toka, j, A/am?

a 1]

Pucynok 1 — Mopdosiorus noBepxHocTH (@) U 3aBUCUMOCTb CKOPOCTH POCTa
OT TJIOTHOCTH TOKa (6) OJIOBSIHHOTO MOKPBITHS, TTOTy4aeMOTO
MIPU 3IEKTPOOCAKICHUH U3 UCXOTHOTO pacTBopa
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IIpu ocaxmernn ¢ C < 60 r/m u j > 0,5 A/nm?, a takxke ¢ C = 60 r/xn
u j = 0,75 A/nm? HaOMIONANOCh OTCIAMBAHME CBEKEOCAKICHHBIX MOKPBITHIA
B KOHIE nporecca ocaxueHus. CkopocTs ocaxaeHuss i | = 0,50 A/gm?
oputa omuHakoBa npu 0—40 1/nm sTEieHAMamMuHAa W cocTaBisia 0,60 Mxm/d,
3areM IIaBHO NoHmkanachk v npu C = 118 /i magana g0 Hyns (pPUCYHOK 2, 0).

& £ Fd
N n [=>
L A L

Ckopocrs pocra, V, Mxem/d
=4
[#%)
A

0,0 T r T T T T
0 20 40 60 80 100 120

Konnenrpanus stanenanamuna, C, r/a

a | §)

Pucynok 2 — Mopdonorus moBepxHOCTH (a) ¥ 3aBUCUMOCTb CKOPOCTH POCTa
OT IUIOTHOCTHU TOKa (6) U1l OJIOBIHHOTO MOKPBITHS, IOJy4aeMOro
IIPU 3JIEKTPOOCAKACHUN U3 pacTBopa ¢ J0OaBICHUEM STUIICHIUaMUHA

[Ipu ucnonb30BaHUM B KauecTBE MOOABKM aHUIMHA HEOOXOJAUMBIE MPOU-
HOCTh M PAaBHOMEPHOCTb IIJICHOK, TOJIIMHA KOTOpbIX cocTaBisieT 0,16—0,30 Mk,
JOCTUTAIIMCH MPHU KoHIeHTpaluu jauradga C = 60 r/1 u miotHoctsx toka | 0,25
1 0,50 A/nqm? (pucynok 3, a: C =60 /1, j = 0,50 A/mm?, pazsMepsl OKPYIJIBIX 3epeH
1,1-2,0 mMxm). B ocTanpHBIX cllydasx MOKPBITHS OTCIAMBAINCh Cpaszy IOCIe
OKOHYaHHUS Tmpolrecca 3jekTpoocaxacHus. C yBEIUYECHHUEM COJIEPKAHUS
amuaa 10 C = 100 /1 CKOPOCTh OCAXICHHUS 3aMETHO MajaeT (PUCYHOK 3, 0).
[TomyyeHHbIe pE3yNbTaThl YKa3bIBAIOT HA OTPAHUYEHHOCTh BO3MOXHOCTH
MPUMEHEHUS aHUJIMHA MPU OCAXKIECHUHU OJIOBA.

AMUHBI, BBICTYIIasl B KAYECTBE JIMTAHI0B, 00pa3yl0T MPOUHbIE KOMILIEKC-
HbIC COCAMHEHUS] C KaTHOHAMH OJIOBA, TIO3BOJISISI BaphbUPOBATH KOHIIEHTPAIUIO
cBOOOIHBIX Sn?* M peryaMpoBaTh CKOPOCTH POCTA M TOJILIMHY MOKPBITHIL. TaKoke
3a CYET HEMOJICJICHHON JICKTPOHHOM Maphl aMUHOTPYIINBI MPOSBIISIIOT CBONCTBA
JIOHOpA DdJIEKTPOHOB 10 OTHOIIEHUIO K METaUly W, SBISSACH TJIABHBIM
aZICOPOIIMOHHBIM IIEHTPOM, 00pa3ylOT 3allUTHYIO IUICHKY. HakoHer, aMuHBI
MOTYT OJIOKMPOBAaTh AKTUBHBIE IEHTPHI HYKJICAUH M TOPMO3UTH JIUHEUHBIN
POCT KPUCTAJLIOB 110 ipuunHe o0pa3oBanust —NH;* rpymm B mporecce ruaposusa.

Takum oOpa3zoM, 100aBJICHUE B SJICKTPOJUT ITHJICHANAMHUHA B HEOOJIBIIINX
xoHuenTpamusax (C < 60 r/n) npu muoTHOCTAX Toka 0,25-0,50 A/nm? no3BomnseT
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MOJIy4aTh MOKPBITUS C OKPYTJILIMU 3epHamMu pazmepamu 1,0-2,1 MKM, KOTOpbIe
XapaKTePHU3yIOTCs BbICOKOU anre3uent. Coxeprxanue anwmmHaa 60 T/ IpU Takux
K€ MJIOTHOCTAX TOKAa MPUBOJUT K MOJTYUYECHUIO IICHOK C OKPYTJIBIMU YaCTUILIAMU
1,1-2,0 mxm. IlpennoxkeHHble aBa TUMa J00aBOK IMO3BOJSIOT 3HAYUTEIHHO
YMEHBIIUTh BpeMs, HEOOXOAUMOE JUIsl TOJyYEeHHs] CIUIOLIHBIX TOKPBITHH,
a HapaBHE C TIOJIyYEHHEM TIOKPBITUA U3 TMEPBOHAYAIBHOTO PacTBOpa
CIIOCOOCTBYIOT BBICOKOM CTETEHH CILIETNIEHUSI C OCHOBOM U 1IEJIOCTHOCTH TUJICHOK.

0,60 -

0,55 <

V, mm/u

0,50 <

0,45 -

0,40 =

Cxopocte pocra,

0,35 4

0,30 T T T T T
0 20 40 60 80 100

Konnentpauus anuanna, C, r/ix

0

Pucynox 3 — Mopdosorus noBepxHocTH (@) ¥ 3aBUCUMOCTh CKOPOCTH pOCTa
OT IJIOTHOCTH TOKA () OJIOBIHHOTO MOKPBITHSL, MTOTYy4aEMOTO
MIPH DJIEKTPOOCAKIECHUHN U3 PACTBOPA C J0OABJICHUEM aHUITMHA
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A. B. BACUWIEBCKASL, H. 10. KOJIBAC! 2
Benapycs, Bpect, BpI'Y umenu A. C. [lymkuna

’benapycsk, bpecr, ITonecckuii arpapHO-3K0JI0THYECKUI HHCTUTYT
HAH benapycu

CAXAPO-KHUCJIOTHBIA UHJEKC CTOJOBBIX COPTOB
BUHOI'PAJIA, KYJIBTUBUPYEMBIX B YCJIOBUSAX I'. BPECTA

BuHorpan, u3BeCTHBII CBOMMHU MHUTATEIbHBIMU CBOMCTBAMH W Pa3HO-
oOpa3ueM COpPTOB, SIBJISIETCS BaXXHBIM MPOJAYKTOM TIHUTAHHUS U CHIPhEM JJIs
Pa3JIMUHBIX OTpaciel MPOMBIILICHHOCTH ((hapMaKoIOTHYECKOM, KOCMETUYECKOM
u ap.). OgHUM U3 KIIOYEBBIX IOKa3aTesiel, XapaKTEpHU3YIOMIMX KadecTBO
BUHOTPAJIA, SIBIIIETCA CaXapO-KUCIOTHBIA HHAEKC. J[aHHBIN MapamMeTp OKa3bIBaeT
3HAUYUTEJILHOE BIUSHUE HA BKYCOBBIE XapaKTEPUCTHUKU U TOTPEOUTEIIbCKUE
CBOMCTBa BUHOTPAJIa, 4YTO UMEET HAaUOOJIbIIIEe 3HAYEHUE ISl CTOJIOBBIX COPTOB —
3TO COpTa BUHOTPAJA, SroAbl KOTOPBIX MpPEeIHA3HAYCHBI I yHOTPEOJICHUS
B CBEIKEM BHJIE.

B kauectBe 00BEKTOB HCCIEAOBaHUS ObUIM BBIOPAHBI YETHIPE CTOJIOBBIX
cCOpTa BHHOIpaZa, KOTOpbIE KYyJIbTUBUPYIOTCS Ha TeppuTopun T. bpecra:
Banepus, apes, Pyauk u Cenarop bypnaka. [lanHble copTa OTHOCATCA
K CpPEHEpaHHUM COPTaM, CO3PEBAIOIINM B KOHIIE aBTyCTa WJIM HadaJie CEHTIOPS,
XapakTepU3yrTCsl XOpOIIed YyCTOWYMBOCTbIO K OCHOBHBIM T'PUOKOBBIM
3a0051eBaHUSIM (MHJIIBIO, OUJIUYM), & TAK)KE YCTOMYHMBBI K MOPO3aM, YTO JEJIAET
UX TOAXOMSIIMMH K BBIPALIMBAHHUIO B yMepeHHOM kiumate [1]. Coop minomoB
OCYILECTBIISUICS. TIPU JIOCTMXKEHUM UMU (PEHOTUIIUYECKOM crienoctu. B neHb
cobopa 111 OTOOpaHHBIX COPTOB BUHOTpaja ObUIM OMpeAesieHbl ammenorpadu-
YECKHE II0Ka3aTeld, JAAJIe€ SroAbl TOMOTCHE3MPOBAIA M IMOJIy4Yalld COK.
Jlo 3amMopo3ku coka (BO M30€KaHWE TOTPEIIHOCTH PE3yJIbTaTOB) OBLIM TaKXKe
OTpeJIeICHbl TaKue TMapaMeTphl, KaK TUTpyeMas KHCIOTHOCTh W oO0Iee
COZIep’KaHHE PACTBOPUMBIX caxapoB. Turpyemyro KuUcIOTHOCTH (manee — TK)
onpenensiu cornmacHo CTh T'OCT P 51434-2006 [2], pe3yabTaThl BbIpakasin
B TpaMMax BUHHON KucioThl Ha jutp coka (r BK/m). O6mee conmepkanue
pactBopumMbix caxapoB (OCPC) ompenemnsuin pedpakTOMETPUIECKHUM METO0M
cormacho CTb T'OCT P 51433/T1IP [3] ¢ npumeHeHueMm pedpakToMeTpa
(MP®-454b, P®), pe3ynbTarhl BhIpaxkaiu B °bpUKC ¢ ydeToM TeMIepaTypHbIX
nonpaBok. Caxapo-KHCIOTHBIA WHAEKC Ui IUIOJOB BHUHOIPAAA ONPEACIISUIN
kak otHomeHue mnokazareneir OCPC x TK [4]. [Ipo6omoaroToBky Kaxaoro
U3  COpPTOOOpa3LOB MPOBOAMIM B  TPEXKpaTHOM  moBTOpHOCTH.  Jlns
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CTaTUCTUYECKOr0 aHaJh3a MOJYYEHHBIX pE3yJbTaTOB MPUMEHSJIA MaKET
nporpammel Microsoft Office Excel.

3HauYEHHE Caxapo-KUCIOTHOTO MHJEKCA HAXOAUTCS B MPSAMOM 3aBUCHUMOCTH
or OCPC u o6partnoit ot TK. AHanu3 pe3ynbTaToB MOKa3aj, YTO 3HAUYECHUE
TK nna uccnemyembix coptoB BapsupoBai oT 0,74 no 0,86 r BK/m (2022 r.)
u ot 0,7 mo 0,882 r BK/n (2023 r.) (tabmuua). OCPC Bapwsupyer ot 13,2 1o
18,8 °bpuxc (2022 r.) u ot 13,8 10 19,2 °bpukc (2023 r). JI)1s1 TAKUX COPTOB, KaK
Banepus, Pynuk u Cenarop bypnaka, B 2023 r. oTME4aEeTCsl CHUYKEHHE 3HAYEHUS
TK B cpaBHEHHH C MOJIy4YCHHBIMU 3HaueHussMHU B 2022 1. (B cpeaHeM Ha 5,6 %),
a nis copra apbs mokazatens TK yBenuuuBaercs He3HauuTenbHO (2,5 %
10 cpaBHEHHMIO ¢ noka3arenem 2022 r.). Takxke uisl BCEX UCCIEAYyEMbIX COPTOB
ormevaercs ecrecTBeHHbIM pocT OCPC B 2023 1. 110 CpaBHEHUIO CO 3HAYECHUSMHU
mapamerpa B 2022r.: gma  copra Bamepus mnokasarenb  yBEIWYHIICS
Ha 4,2 %, coprta Japes — Ha 2,13 %, copta Pyaux — na 4,14 % u copta Cenatop
bypnaka — Ha 4,5 %.

Tabnuna — M3menenne tutpyemoii kuciotHocTd (TK) u obirero congeprxkanus
pactBopumbix caxapoB (OCPC) ninst ucciaemnyeMbIx COPTOB BUHOTPaIa Mo rojam

Vceneyemie copra TK, r BK/n OCPC, °bpukc

2022 2023 2022 2023
Banepus 0,74 £ 0,007 0,705 +£0,0054 | 16,8 £0,165 17,5+0,23
Japbs 0,86 + 0,006 0,882 +£0,0067 | 18,8+0,176 19,2+ 0,2
Pymux 0,729 + 0,0056 0,7+ 0,0074 13,9+0,1 14,5+ 0,16
Cenarop bypnaka 0,845 +0,0034 | 0,782 + 0,0087 13,2+ 0,134 13,8+ 0,187

N3menenns mnoxkaszarens TK m OCPC mnpennonoXuTenbHO CBS3aHBI
C POCTOM CpeIHEMECAYHOM Temmeparypel B 2023 1. 1O CpaBHEHMIO
C TeMmmepaTypHbIMU mokazatensimMu 2022 r.: Tak, s ceHtsiops 2023 r. (aus
KJIMMaTHYE€CKOr0 PErMoHa I'. bpecTta 310 caMblii BayKHBIM MECAL] AJIs1 HAKOIUJICHUS
caxapoB ArojaMy BUHOIPaaa) OTMEYAETCA POCT CPEAHEMECSIUHOU TEMIIEPATyPhbl
Ha 37,3 % no cpaBHeHuto ¢ 2022 T.

[TonoxurenbHass AMHaAMKKA B CHUKEHUH moka3arener TK u yBenmueHuun
OCPC HaxomWT CBOE OTpPaXEHUE B E€CTECTBEHHOM POCTE 3HAYEHHI caxapo-
KHCIIOTHOTO WHJAEKCAa JJisi HCCIEAYyEeMbIX COPTOB BHHOTpaaa (PUCYHOK).
Jlnst copra Banepust ormewaercss poct mapamerpa Ha 9,3 % B cpaBHEHUU
c mokazareneM 2022 r., mua copra Pynuk 3HadeHue Bo3pactaeT Ha 8,56 %
u copra Cenarop bypmaka — Ha 12,9 %. Jlns Bcex NEpeUMCICHHBIX COPTOB
pocT mapaMmeTpa cBA3aH ¢ ymeHbleHuem 3HaueHus: TK u Bo3pactannem OCPC.
Hms copra [lapesd 3HaueHHs Caxapo-KUCIOTHOIO WHICKCA HE3HAYUTEIBHO
pa3IMyaKOTCA IO FOAaM, YTO CBSI3aHO C HE3HAYUTEIIbHBIM MOBBIIIICHUEM 3HAUYCHUS
TK u OCPC.
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uc, 30
orH.en. 25

copt Banepust copt Japes  copt Pyaux copt Cenatop
bypnaka

2022 @2023

PI/ICYHOK — 3meHeHue CaxapoO-KHUCJIIOTHOI'O HHACKCA
HCCIICAYCMBIX COPTOB BUHOI'paja 1o roaam

Takum oOpazoM, pe3yabTaThl pabOThl AEMOHCTPUPYIOT MOJOKUTEIbHYIO
JUHAMHUKY B pOCTE€ €axapo-KHUCIOTHOIO MHJEKCAa HCCIENyeEMBIX IUIOIOB
BuHOrpaja (B cpenneM Ha 10,25 %), 94TO CBUAETENBCTBYET O MOJOKHUTEIbHBIX
NEpPCHEeKTUBAaX pa3BUTUSA BHUHOIpajgapcTBa B T. bpecte. [l moaTBepkaeHHs
JAHHOM THUINOTE3bl IJIAHUPYETCAd OLEHUTh WHAMHKY HW3MEHEHHS U JPYyruX
OMOXMMHMYECKHUX MapaMEeTPOB CHEJIOCTH BHUHOTPaAa, a TaKXkKe YBEIUYUTD
KOJIMYECTBO UCCIEAYEMBIX COPTOB.

CIIMCOK MCITIOJIb30BAHHOU JTUTEPATYPbI

1. Bunorpan. HWadopmammss o coprax BuHorpaga. — URL:
https://vinograd.info/sorta/sorta-vinograda (mata ooparmenus: 01.02.2025).

2. Cokn (¢pyKTOBBIE W OBOIIHBIE. METON OIpeneseHusl TUTPYEMOH
kucinotaoctu: CTB T'OCT P 51434-2006. — Bsen. 01.06.07. — MuHuck
['oc. koM. no cranpapruzannu Pecn. bemapycs, 2007. — 12 c.

3. Coku (ppyKTOBBIE M OBOIIHEIE. MeTOT OMpeAeTICHHUS PACTBOPUMBIX CYXHX
BerectB pedpakromerpom : CTh 'OCT P 51433/I1P-2008. — Been. 01.07.08. —
Munck : I'oc. koM. o ctagmaptusanuu Pecn. bemapycs, 2008. — 12 c.

4. Kader, A.A. Fruit maturity, ripening, and quality relationships /
A. A. Kader // International Symposium on Effect of Preharvest and Postharvest
Factors on Storage of Fruit/ ed. L. Michalczuk. — Warsawa : International Society
for Horticultural Science, 1999. — P. 203-208.

K conepxanuio




37
YK 547.514.4+547.786.3

E. A. BACWIEBCKHI1!, 1. B. MUHEEBA?
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’benapych, Munck, HUM ©XII BI'Y

CHUHTE3 BEPBEHOHA W3 o-TIMHEHA C UCIIOJb30BAHUEM
N-TUAPOKCUPTATUMUIA

B Pecnybnuke benapych mnocnegHue JBa JECATUIICTHS HaOMIOAacTCs
MacCOBOE€ YCBIXaHHE€ XBOWHBIX JI€PEBBEB, BBI3BAHHOE PACIPOCTPAHCHHEM
KopoesioB (mojcemMerictBo Scolytinae) [1]. TpaauIMOHHBIM M YPE3BBIYANHO
TPYJIOEMKHM CIOCOOOM OOpbOBI € 3THUMH KyKaMu SIBJISIETCS BbIpyOKa
3apaKEHHBIX JIEPEBbEB, TAKXKE MHOTA MPUMEHSIOTCA MHCEKTHLIMABL. OJIHaKO
CKPBITHBI 00pa3 JKU3HM HACEKOMBIX, MPOBOJSAIIMX OCHOBHYIO YacTh >KU3HU
B TOJIILE JIPEBECUHBI, OTPAHUYUBAET BOZMOXHOCTH HCIOJIb30BAHUS XUMUYECKUX
CPEICTB I NPOTUBOACHCTBUS MM, K TOMY JK€ TaKW€ BELIECTBA 3a4aCTYIO
SIBJIIFOTCSI OIIACHBIMH ISl YEJIOBEKA U OKPYIKAOIIEH CPEBI.

B kadectBe anbTepHaTHBBI MHCEKTULUIAM i1 OOpbOBI C KOpoedamu
OPEJJIOKEHO HCIO0JIb30BaTh (pepoMOHBL. [laHHBIE COEIMHEHUs 3a CueT
CHEeLM(PHUUECKOr0 B3aUMOJAECUCTBUSA C pelenTopaMu MOAU(PUIMPYIOT MTOBEACHNE
KYKOB, a UMEHHO NPUBIEKAIOT MUX WJIU. HAa00OpOT, OTTankuBaioT. OCOOEHHO
IIPOCTHI B HCTIOJIB30BAHUH ABTOHOMHBIE JIOBYILIKH, B KOTOPBIX JJIs1 IPUMAaHUBAaHHUS
KOPOEJIOB UCIIOJIb3YIOTCS CMECH Ha OCHOBE arperaiMoHHbIX (epoMOHOB. Takum
oOpa3zoM, (hepoMOHHBIE TMpenaparbl SBIASIOTCS d(PGHEKTUBHON M HKOJOTHUECKU
0e30macHO| anbTEPHATUBON MPUMEHEHHIO NHCEKTULIUIOB.

C 2000 r. na xuMHuuyeckoM ¢akyapTeTe benopycckoro rocy1apcTBEHHOTO
YHUBEPCUTETAa BEAYTCA HUCCIENOBaHMS 1O  pa3paboTke 3(PPEeKTUBHBIX
U DKOHOMHMYECKH BBITOJHBIX METOJOB MOJy4YeHUS (PEPOMOHOB KOPOEIOB.
B ux uyucno BXoasaT BepOEHON, YHICIUIOKCUITAHOI, UTICEHOJ, UIICTUEHOI [2].
Ha ocHoBanuu cMecelt JTaHHBIX COSUHEHUN Ha Kadeape OpraHudecKOd XUMUU
pa3zpabotanbl  mpemnaparbl  cepun  «MmncBaGom»  AIS MCHOJIb30BaHUS
B (EpPOMOHHBIX JIOBYIIKaX C II€JIbI0 KOHTPOJISI YHUCIECHHOCTH KOPOEIOB
Ha ONPEJEICHHON TEPPUTOPHH, a TAXKE OTIOBA OCHOBHBIX BUJIOB BPEIUTENEH.

KirroueBbIM KOMIIOHEHTOM BCEX IPENapaToB SBISIETCS arperanMoHHbBIN
dbepoMoH Kopoea0oB BepOeHOJT (prucyHOK 1). MIcXoaHBIM BEIIECTBOM JIJIsi CHHTE3a
JTAHHOTO COCIMHEHUS SIBJISETCS O-MHUHEH, KOTOPBIM MOJy4aroT MEePEeroHKOM
ckunuaapa. Jlanee ero oKUCISIOT 0 BepOCHOHA, TOCPEICTBOM BOCCTAHOBIIEHUS
KOTOpPOTO B MTOre TMOJYyYarOT HCKOMBbIM mpoaykr. Haubonee crnoxHOU
MPAKTUYECKA PEeaM3yeMON CTaJuell CHUHTe3a SIBISIETCS OKUCICHUE O-TIMHEHA
B BEpOEHOH.
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3amMeTuM, 4TO BEpOCHOH OKa3bIBaCT KOMIUIEKCHOE BJIMSIHHE Ha KOPOEIOB
U MOXET OBITh OXapaKTepHU30BaH KaK aHTHATrPEralliOHHbINA (PEPOMOH MPEICTaBU-
Tenel mojaceMeiicTBa Scolytinae. braromapsi BbIpaXCHHOMY OTITYTHBAIOIIEMY
3¢ deKTy, Ha CEeTOAHALIHUIN JeHb BEPOCHOH MPHUHATO CYUTATh YHUBEPCATHHBIM
peneuieHTOM OT KOopoeioB [3].

Lenpto manHOW paboThl sBiIAETCA pa3paboTka 3((HEKTHBHONW METOAUKH
CUHTEe3a BepOCHOHA, KOTOpash MOXKET OBbITh peaiu30BaHa B MPOMBIILIEHHBIX
Mmacmrtabax. BepOeHOH mOMy4yaroT MOCPEACTBOM B3aMMOJCHCTBHS O-IMHEHA
C Pa3IMYHBIMM OKHUCIUTEISIMU, TAKUMHU KakK TpeT-OyTuiruiaponepokcun [4],
TeTpauerar cBuHia u coeguHenus xpoma (VI) [5]. IlpemnoxkeHHble METOIUKH
CUHTE3a B OOJIBIIUHCTBE XapaKTEPU3YIOTCS HEOOIBIION CEIeKTUBHOCTHIO
U HU3KUMHU BBIXOJAMH, KOTOPbIE MOTYT OBITh YBEIUYEHBI JIUIIb MPHU MOMOIIU
cnenupUYeCcKuX U, Kak MPaBUIIO, TOPOTMX KaTaIU3aTOPOB.

0 O

N—OH

H.C CH;

H, 0

Pucynox 1 — CtpykTypbl BepoeHoHa u N-Tuapokcudramumuia

Cpenun Hux BbIrogHO BblmensieTcss N-runpokcudramumun (NHPI) —
JEEBbId U HETOKCHUYHBIA PEAreHT, KOTOPBIA MPUMEHSAETCS B OPraHUYECKOM
CUHTE3€¢ B KadyecTBe I(P(EKTHUBHOTO AKTUBATOPA PA3MYHBIX OKHCIUTEIHHBIX
poIECCOB. JlaHHOE COeNMHEHUE O IEUCTBUEM OKHCIMTENEHN 3a CYET OTphIBA
BOJIOPO/1a OT TUJIPOKCHIIBHON TPYTIIBI B MSTKUX YCIOBHUSAX 00pa3yeT yCTONYHMBBIIA
N-oxkcudpramumunnbeii pagukan (PINO), xoTopelii KaTanu3upyeT OKUCIEHUE
[UKJIMYECKUX aJIKCHOB TI0 aQ/UIMJIBHOMY TIOJIOKEHHI0 C 0Opa3oBaHUEM
0.,3-HEHACHIIIEHHBIX KapOOHWIHHBIX COSTMHEHUN. Peakiius npoTekaeT B pacTBOPE
IO/ IEVCTBUEM CHJIBHBIX OKHCJIMTEIIEH, a MATKUE YCIIOBHS €€ OCYIIECTBICHUS
(20 °C, maBnenue 1 aTM.) CIOCOOCTBYIOT CEIEKTUBHOCTH IPOIECCa OKUCICHHMS.

B kauectBe okucnurenet B komiuiekce ¢ NHPI npumensitor xuciaopon
C KaraiuM3aTopamMH, a TaKxke pasziuyHble coenuHeHuss xpoma (VI) [6].
[Ipu Kcnosib30BaHUM TPUOKCHJIA XpOMa BEPOCHOH yIaeTCs MOJYyUYUTh C 3aMETHO
pa3nyarImUMUCs BeixogamMu — oT 44 no 62 % [7; 8]. Ilporecc oxkucieHus
O-TTMHEHAa XPOMOBOW KHCJIOTOH MOXET OBITh OXapaKTepHU30BaH CIIEIYIOIIUM
MEXaHU3MOM (PUCYHOK 2).

Jlns cuHTe3a BepOCHOHA B KAUECTBE OCHOBBI HaMHU OblLiIa B3siTa METOJUKA
C 3asBJICHHBIM BBIXOAOM Tpoaykra 70 %, KOTOpbhIH OBLT JOCTHUTHYT 3a CYUET
MPOJOJKUTEILHOCTH TIPOLIECCa OKHUCIEHHST M HEOJHOKPATHOro J00aBiEHUs
okucnutens [9]. NHPI 61 mostyden u3 ¢raneBoro aHruapuaa, THAPOXIOPHIA
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rugpokcuiamMuia u EtsN 1Mo omucaHHoW B Jdreparype MeToauke [9]
¢ BBEIX0A0M 65,9 %.

eV \
NHPI —— PINO O/Cr\\

crv)

PINO HCrO4~ H30+

- NHPI -H- H0
H.C CH, H.C CH,  HC CH,

CH, o CH, o CH,
\\ OH _OH

o/ \
HQO \'H
» H30+ HCrOG
H.C
CH,

Pucynoxk 2 — MexaHu3M OKHCIIEHU o-TTMHEHa oKkcuoM xpoma (V1)

st cunte3a BepOeHona B 545,0 mu ametona u 84,5 M1 BonbI IpHU
nepeMenMBanud Ob10 pactBopeHo 24,3 r a-nuHeHa (1 eq.) u 14,7 v NHPI
(0,5 eq.). [Tocie oxnaxkaeHus Ha JICASHON OaHe K cMeCH HEOOIBIIUMU ITOPLASIMU
obw10 pubasieHo 18,0 r CrOz (1 eq.). CMech nepeMenmBanach Npyu KOMHATHOU
TeMIiepaType B TeueHue 24 4acoB, 10 UCTEYECHUH KOTOPHIX ObLI BHOBB J100aBJICH
CrOsz B xommuectBe 9,0 r (0,5 eq.). [Ipouenypy moBTopmim coycts 24 daca
Y MIPOJIOJIKAIM IEPEMENTUBAHME €€ B TeUeHUE 24 4acoB.

[TonyyeHHYIO peakKIMOHHYIO CMECh YITAPHIIN TP TIOHMKEHHOM JaBJICHUN
10 1/3 ucxonnoro oowvema, pazdoasuiu CH,Cl, u oTaenuam oT XpoMOBBIX COJICH.
Jlanee pactBop oOpabGoramu 5 %-m BomHbIM pacTtBopoM HSOs m oTaenumu
oprannueckuii  cinoit. [Ipomykr mBaxknaer  mposkctparupoamn  CHoCly.
[Monyuennsiit pactBop Bepoenona B CH2Cl, cymmnu 6e3BoaubiM NapSO4, mociie
Yero ymapwiv TpW TOHWKCHHOM JaBJICHUM O TIOJIHOTO HCTIapCHHUS
pactBoputensi. Pesynbrar mpenctaBiss co00M TPO3PAYHYH0 MACISHHUCTYIO
CyOCTaHIIMIO JKENTO-Oyporo ILBETa, U3 KOTOPOW NpPH OXJAXKIACHWUU BbINAAIN
oenple kpuctamabl. Metogom ['X-MC ObUIO yCTaHOBIIGHO, YTO JaHHAas
cyOcTaHIus sBisiia coboit cMech BepoeHoHa u NHPI.

Ounctka BepOEHOHA OCYIIECTBISUIACH IyTeM MpeoOpa3oBaHUs €ro
B BOJOpPAacTBOpUMOE OUCYIb(UTHOE MPOU3BOJHOE, THUIPOIU3OM KOTOPOIO
BIIOCJICACTBUHM OBbUI TIONYyYEeH YHCTBHIA TpoAykT. K pactBopy, cocrosiemy
n3 78,0r Na,SO3 u 340,0 mi Bonpl, Mo KamiaMm ObLIO goOaBiaeHo 31,2 M
KOHIIGHTPUPOBAHHOW COJITHOM KHCJIOTHI, MOCJE 4Yero Tynaa Oblaa MepeHeceHa
noiyyeHHass cMecb BepOeHoHa u NHPI. IlepememmBanue mnpoAoxKanu
B TeueHue 18 yacos.
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[Tomy4deHHbI BOJHBIN PACTBOP OYMCTWIN OT OCAJKa ACKAHTALMEN, MOCIIE
9ero mocae0BaTelbHo TPKAbI dkcTparupoBau CH,Cly v Tprk bl — TeKcaHoM.
Jlanee k BomHOMY pactBopy mgobGaBwiu 27,3 T NaCOs; mna rupposmsa
OUCYIB(OUTHOTO TPOU3BOJHOIO, TOCIE YEro PEaklMOHHYI0 CMECh MEePEroHsUIN
C BOASHBIM TapoM. [lodyueHHyI0 BOJHYIO SMYJIbCHUI0 BEpOECHOHA HACHITHIIU
NaCl, mpoaykr mate pa3 skcrparupoBamu CH2Cly, moGaBnss B mporecce
sKCTpakuuu fonogHuTenbHbie nopiuu NaCl. O0beAMHEHHBIE BBITSXKKH CYITHIN
Hax Oe3BomHbIM NapSO4, mocne yero ynmapwiu CH2Cl, mpu monmwkeHHOM
JABJICHUH, B pe3yJbTaTe 4ero Oblia MOJydeHa >KeNTo-Oypast TycTas *KUIKOCTb.
Ananu3 npu nomomu metona I'X-MC moarBepauin TOT (akT, YTO JdaHHAsS
cyOCTaHIIUS TPEACTABISIET CO00M BEpOCHOH BBICOKOW CTEIMEHHW YHUCTOTHI 0e€3
NPU3HAKOB MPUMECH HUCXOJHOro BemiectBa. Bcero Owwio momywyeno 0,8 T
BEepOEHOHA, UTO COCTABIISIET MeHEE 3 % OT TEOPETUYECKOTO KOJIMYECTBA MPOIYKTA.

Huskuii BbIxon BepOCHOHA B MEPBYHO OdYepellb OOYCIOBJIEH CTaauei
OUYMCTKH, Ha KOTOPOU TEPSIETCS CYLECTBEHHAsI YacTh MPOayKTa. bbuio oOHapy-
JKEHO, 4TO TpH 00pa3oBaHUU OUCYJIb(PUTHOIO MPOU3BOJHOIO 3HAYUTEIHLHAS
4yacTb BepOEHOHa, HaxoJsch B cBsizaHHOM ¢ NHPI cocrosiHum, He Bcrymaer
B peakuuto. [TomyuenHslil mocne obpazoBaHusi OUCYJIb(YUTHOTO MPOU3BOIHOTO
0cajoKk 00paboTanu aleToHOM, KOTOPbIM 3aTeM OTICNUIN JeKaHTaluel
U ynapuin. PacTBop MeperoHsyiv ¢ BOASHBIM MapOM, MOCIE YEro MOJyYEHHYIO
BOJIHYO 3MyJbento HackiTii NaCl u Tprkasl skctparupoBanmu CH,Cly. Tocne
ynapuBaHUsi pacTBOpuUTeNs ObLIo moiydeHo 1,1 T BepOeHOHA, YTpaueHHOIO
Ha cTagud O4MCTKH. C y4eToM JaHHOTO KOJWUYECTBA CYMMApPHBIA BBIXOJ
BepOeHoHa coctasui 7,0 %.

BTopeiM  00OCTOSTENHCTBOM, OKAa3bIBAIOIIMM CYLIECTBEHHOE BIIMSHUE
Ha BBIXOJ] BEpOCHOHA, SIBJIIETCS €r0 CIOCOOHOCTh 0OPa30BbIBATh a3€0TPOIHYIO
cmechk ¢ CH,Cly, B pesynbraTe 4ero 3Ha4MTENIbHAs 4YacTh MPOJYKTa OCTACTCS
B [IEPErHAHHOM PacTBOPUTEIIE.

JlocTOMHCTBaMH TaHHOTO METO/1a MOJTY4YEHUsI BEpOSCHOHA SIBISIOTCA

— OTHOCUTEJbHAS MPOCTOTAa OPraHM3aLMU TEXHOJIOTMYECKOro Ipolecca
(oTCyTCTBUE CTaaui, MPOTEKAIOIIUX B TE€TEPOTCHHBIX YCIOBUSIX, MPU BBICOKOU
TeMIiepaType);

— BO3MOKHOCTb pPEreHepali OpraHMuYeCKUX pacTBOpUTENEH (B TEXHOJIO-
TUYECKUU ITPOLECC YAAETCS BEPHYTh IPAKTUYECKU BECh ATaHOJ OT cuHTe3a NHPI
u CHCl,, a takke 6onee yem 80 % M3pacxoM0BaAaHHOTO HA OJMH IMKJI CHHTE3a
aleToHa);

— CEJICKTUBHOCTh PEAKLMM OKUCJIEHHS M BBICOKAsl YMCTOTA MOIYy4aeMOTO
MPOYKTA;

— BCE MCIOJIb3yEMbI€ JaHHOM METOAUKOW pEareHTbl U PACTBOPUTEIIH,
32 HUCKIIOYEHHEM TPHUOKCHUAA XpOMa, TMPOU3BOJAATCS Ha XMMHYECKHUX
npeanpusatuax Pecryonuku benapyce.
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OCHOBHBIMH HETOCTATKAMM METOJA SIBIISIOTCSL:

— UCIOJIb30BAaHUE TOKCHUYHBIX U IOKAPOOMACHBIX BELIECTB B KayECTBE
peareHTOB U paCTBOPUTEIIEH;

— HU3KHAW BBIXOJ IPOIYKTA.

[IpoGnemMHOE TmOJE CHHTE3a ONpENENsieT HalpaBleHHE OyIyIux
uccienoBaHuii mo ero wmonudukanuu. IlpuopureTHON 3amayeil  sABIsAETCA
YBEJIMUEHUE BBIXO/A MPOAYKTA PEaKlUU, KOTOPOE MOXKET ObITh PEaIn30BAHO
3a CUET HCIOJb30BaHUS WHOM METOJIMKH OYMCTKU BepOeHoHa. Taxke JaHHBIMI
METO/JI IMOJIy4eHHUs BEpOECHOHA MOXET ObITh YCOBEPIIEHCTBOBAH IOCPEICTBOM
3aMEeHbI TPUOKCHIa XpoMa Ha OoJiee 6e30macHbIi, 3 (HEKTUBHBIN U SKOJOTHYHBIHI
OKHCJIUTEIIb.
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I'. A.TOPAYHOB"? U. B. MUHEEBA®?
'Benapycn, Munck, BI'Y
’benapych, Munck, HUM OXII BI'Y

CHUHTE3 HOBBIX HUKJIOITPOITAHCOJAEPKALIUX
IF'ETEPOLIUKIUMYECKUX COENUHEHUN 1 AHAJIN3
X MIOTEHIIMAJIBHOU BUOAKTHUBHOCTM IN SILICO

Pa3zpaboTka HOBBIX METOAUK IMONydeHUs 3,4-auruapornupumuana-2(1H)-
OHOB(THOHOB) IPEJICTABIISIET COOOM OOJBIION HHTEPEC, T. K. OHU UTPAIOT BAXKHYIO
pOJIb KaK OCHOBHBIE cTpouteibHbie 0J10ku B cuHTe3e JIHK u PHK [1], a Tonkue
U3MEHEHUSI B UX CTPYKType 0OECHEeUMBAIOT IMIMPOKHM CIIEKTP OMOJIOTMYECKUX
aKTUBHOCTEH, TAaKMX Kak MPOTUBOrpUOKOBas [2], mpoTuBopakoBas [3] u mp.
Peakiust bumxunemn gBisieTcsl KJIACCUYECKUM IMOAXOAOM K CHHTE3Y TaKUX
reTePOLUKINYECKUX CTPYKTYp, OJHAKO pa3HOOOpa3ue NPOAYKTOB IPU 3TOM
CTpaJlaeT OT HEKOTOPBIX O'PAHUYEHUHN, BEIb TAKOE KOJIMYECTBO (PYHKIIMOHAIU3U-
POBAaHHBIX COCIWHEHUI HAKIAAbIBACT OIPEACICHHBIE OrPAHMYECHHUS HA UX
3¢ (HEeKTUBHOE CUHTETUYECKOE MOJTyUYEHUE.

B 1O ke Bpems mpOHU3BOJHBIE IUKIONPONAHA BbI3BIBAIOT MOBBIIICHHBIN
HAay4YHBII HWHTEpPEC, TMOCKOJbKY TaKHE «Malble» CTPYKTYPHBIE MOTHUBBI
MOBCEMECTHO pacnpocTpaHeHbl B npupoje [4]. [lomumo 3TOro, peakiuoHHas
CIIOCOOHOCTh IUKJIOMPONAHOB IMO3BOJSIET HCIHOJNb30BaTh HMX B KayecTBe
YHUBEPCAIbHBIX MPOMEXYTOUHBIX MPOIYKTOB MPU CUHTE3€ OO0Jee CIOKHBIX
MOJIEKYJI, @ TAK)KE YAaCTO MPUMEHSTh B KAU€CTBE YHUBEPCAIBbHBIX CTPOUTENIbHBIX
0JIoKOB B opranuueckux cuHTe3ax [4]. Ilo 3Toil mpuurMHE CO3/aHHE TaKUX
TPEXATOMHBIX LIUKIMYECKUX (ParMeHTOB, KOTOPbIE C BBICOKOW a(pMHHOCTHIO U
CEJICKTUBHOCTBIO CBS3BIBAIOTCS C TEPANEBTUUYECKH BAXKHBIMU OHMOJIOTMYECKUMU
MUILICHSIMHU,  SBJSIETCA  OJHOM W3  OCHOBHBIX  3aJad  COBPEMEHHOM
OMOOPraHUYECKOW M MEIUITUHCKON XUMHH [4].

[{ens paGoTHI HAIIIEH HCCIEAOBATEILCKOM IPYIITIBI 3aKITI0YaIach B CHHTE3€
anmn(paTUIECKUX alIbJIETHIOB, COJAEPXKAIIMX [UKJIOMPOMAHOBBINA (parMeHT,
M TIOJIyYEHHE Ha HUX OCHOBE paHEe HE OINHUCAHHBIX B JUTEpaType
JUTUAPOTNUPUMUANH(THO)OHOB IyTEM peAU3alUd  MYJIbTUKOMIIOHEHTHOM
peakuuu BuKUHENTM B KHUCIOTHO-OCHOBHBIX YCJIOBHUSIX € MOCIETYIOUUM
MPOBEICHUEM KOMITLIOTEPHOTO MoiearpoBanus in Silico mis mporno3upoBanus,
aHaJIM3a U JaJdbHEUIIIEN OLIEHKUA UX BO3MOYKHOM OMOJIOTMYECKO aKTHUBHOCTH.

Hamu ObLTH MOJTyYEeHBI YeThIpe LUKJIONPOIaHCOAEPKaALTUX
amudartndeckux anpaernga la-r. CunHte3 coeauHeHus la ObUT MpeJIOKEH
U B JaJIbHEHIIIEM OCYIIECTBIIEH ABYMS Pa3HbIMH CIocoO0amMu (pUCYHOK 1).
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Cnoco6 1.

NaBH,, H3BO
QO OH 4, F3bUs3
O\)\/f\(\ NalO, Q Ph3p\)koa Q NiCl,6H,0 0
: 0 - O
OH o@ MeCN-H,0 o\)\fo CH,Cly, 20°C OM(OEt Tro-H,0, 20°C 4M0Et
20°C 3

505, 27% o} 77% O
0

1. EtMgBr, Ti(O/-Pr), Q Q
Tro, 20°C 3 0 MsCl, NEt3 Nalo,
2. NH,CI, H,0 \)\/\A Et,0, 0°C M MeCN- H20 MeCN-H,0

68% 5 OH 949, Ms  2pec 7 Ms  20°c
50% 62%
(6]
H
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Cnoco6 2.

1. EtMgBr, Ti(Oi-Pr), O et N
sCl, t3

1. MeOH, EtsN, 20°C 0 Trd, 20°C
[}:o o~ e Trno\/\/v

o  2.0rn, AnTC, CHCl, 2. NH,CI, H,0 10 Et,0, 0°C

8 60°C 9 70% 96%

73%
OMs OMs O
nnTc XX

Mo HO )K/\@

AT MeOH, 20°C 12\/W CHyClp, 20°C | Mg L

n 91% 82%

Pucynok 1 — JIBe cxembl IoIydeHus anbaeruaa la

CTouT OTMETHUTD, YTO B 000X CIy4asiX B KaueCTBE UCXOAHBIX CyOCTPaTOB
BBICTYNAJIM KOMMEPYECKHU JIOCTYMHbIE coeauHeHus (mpou3BoaHoe D-mannuTa 1
u  y-OytuponaktoH 8), OgHaKO BTOpOM cmoco0  sBisieTcs  Oomee
OPEINOYTUTENBHBIM KaK [0 TMpUYMHE OOJIBIIETO CYMMapHOTO BBIXOJa
1-(3-okcompornun)-ukionponuiameTancyinbponara la (36 % mnporus 4 %),
TaK Y 10 BO3MOXXHOCTH BapHallK BHIOOPA UCXOIHOTO JAKTOHA (O-BajepOJaKTOH
U T. J1.) C IOJYYEHUEM MPOJIyKTa ¢ O0Jiee JJIMHHOMN YIIeBOJAOPOIHOM LENbIO.

JlpyruMu pOACTBEHHBIMH IO CTPYKTYype anu(aTudecKuMu albIeruaaMu
saBisitorcs 10 1 1B, CHHTE3 KOTOPBIX MPEICTaBICH Ha cxeMe (PUCYHOK 2).

1. EtMgBr, Ti(Oi-Pr),

OEt O TFCD, 20°C OEt OH A(;CL Py OEt OAc CUC|22H20 (@] OAc
EtO OMe 5 NH,CI, H,0 EtO CH,Cl,, 20°C EtO15 MeCN, 20°C H15
13 95% 14 85% 85%
MOMCI, PhMe OEt OMOM  nmnTC O OMOM
DIPEA, TBAI EtO H,0-aueToH |HYo
CH,Cl,, 20°C 16 60°C
86% 85%

Pucynox 2 — CxeMbl mofTydeHus anbaeruioB 16 u 18
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O0e CUHTETHYECKHE CXEMBI TIO3BOJIIOT MOJYYHTh 3a 3 CTaAWH U3 JIETKO
JIOCTYITHOTO B TPaMMOBBIX KOJUYECTBAX METHII-3,3-IUATOKCUIIpomanoara 13
3amenieHHbIe 2-(1-THapOKCUIIMKIONPOIHII)aleTaIbaeruIbl 16 1 1B ¢ BBICOKUM
BbIxoa0M (~70 %).

[Tocnenuuii anpaerun 1r ObUT MOTyYEH MO cxeMe (PUCYHOK 3).

18
17/\iEt NaOH, H,0 '™ '° OEt  Hcl Phi1r o
\ —_—
Ph OEt CHCI;, TOBAX Cle oi Et HyO-aueToH C|j§ H
45°C Cl 60°C Cl
55% 88%

Pucynok 3 — Cxema nostyuenus anpaeruaa Ir

OTauyuTenrHON 0COOEHHOCTBIO MOTYYEHUS 3TOTO alibJIeTUIa SIBISETCS TO,
YTO B HEM IMKJIONPONAHOBOE KOJIBIIO ObLIO CHOPMUPOBAHO B peE3yJIbTATe
PHUCOCIMHCHUS MTOJTYYSHHOTO IN Situ TuxiopkapOeHa K KpaTHOM CBSI3U aIleTajs
KOPUYHOTO anpjeruaa 17, 4to cBsA3aHO ¢ TPYIHOCTHIO MOTYUYEHUS 3aMEIIEHHOTO
UKIJIOnponaH-1-kapbanpaeruaa no peakiuu KynuHkoBuya.

B nanpHeiimeM Bce TMOMy4YEHHBIE aibJCTUIbI OBUIM  BOBJICUEHBI
B MYJIbTUKOMITOHEHTHYIO peakinio bumkuHesnm ¢ BemecTBaMu, BHIOOP KOTOPHIX
BAPbUPOBAJICS B 3aBUCUMOCTH OT YCJIOBUH TOCTAHOBKHU HKCIIEPUMEHTA.

OO6mas cxema, oTpakaromiasi MoJyYeHHE TeTePOLUKINIECKUX COCIUHEHUN
2a—x, IpUBeJIcHA HA cXeMe (PUCYHOK 4).

N o 19 S 20 210 0 22 )XL

NS

S A g * HZNXNHZ 0 OEt T H,N” "NH,
R™H
1a-r

1. K,CO3, EtOH, 80°C
2. AcOH, H,0

MCl56H,0, EtOH, 80°C
X=8,0

OMOM
N s EtO N EtO NH
N S 2B H 2r N/&S

Ms 249 27%(M Eu) 69% (M=Tm), 46% (M=Eu) 55% ( M Eu)
28% (M=Gd)
(c pobaeneHnem DMAP)

ph. O
Cl
O O OAc 0 OMOM
EtO ‘ NH EtO NH  EtO NH
2n N o 2e K
N™ O N™ ~O NSO
H H H
45% (M=Y), 55% (M=Eu) 43% (M=Eu) 62% (M=Eu)
47% (M=Yb)

Pucynok 4 — CxeMbl TOTy4€HUS T€TEPOLMKINYECKUX COCAUHEHNIN 2a—K
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B OCHOBHBIX ycCHnOBHSIX OBUI CHHTE3UPOBAaH THOIMMPUMUIWHOH 2a
B pe3yjibTaTe B3aMMOJCUCTBUS MEXAy Cc00OW sTuiauaHoarietata 19,
tuomoueBuHbl 20, ampaeruga la u KyCOz B 3KBUMOJSPHOM COOTHOILIEHUU
B OTaHOJIC MPU KUIISTYCHUH B TEUYeHHE 5 yacoB. B pesynbrare nociemyromen
KHUCIIOTHOM 00pabOTKHU ObLI MOJYyUEH KeTaeMblid MPOIYKT 2a.

JUist cuHTe3a TeTEepOUUKIMYECKHX COeAUHEHUN 20— B KauyecTBe
katanu3atopoB (15 Moi. %) Obuim BeIOpaHbl KUCTOTHI JIblonca (rekcaruipaTsl
XJIOPUJIOB PEKO3EMENIbHBIX METAJIOB), & UCXOJAHBIMU COSIUHEHUSIMU CITY KN
(Tho)MoueBuHa 22, anieToykcycHbIi 3up 21 u anpaeruasl 16—B. CTOUT TaKxke
OTMETHUTb, YTO B CIy4yae MOJYYEHHUS BEIIECTBA 2B HAMH ObLIO JOMOJHUTEIHHO
IPEUIOKEHO B KauecTBe J00aBKH HCIoiab3oBaTh DMAP (5 mon. %), T. k. paHee
OBLJIO BBISBIICHO, YTO TMPHUCYTCTBHE OCHOBAHUS B CHCTEME IOBBIIIACT BBIXO]
npoaykTa. MeToanka CHHTE3a IMoApa3yMeBaia KUISTYCHUE MCXOIHBIX BEIICCTB
C COOTBETCTBYIONIMM KaTaJdM3aTOpOM B O3TAaHOJE B TEUYCHHUE & UacOB
¢ nocuenywuen skctpakiuenrd EtOAcC u pazaeneHreM ¢ moMoOIIbI0 KOJIOHOYHOU
xpomatorpaduu (cmech EtOAcc/meTposieitabiii 3¢up B cooTHOmeHUH 1 : 5).

CTpyKTypbl BCEX TMOJYYEHHBIX B pe3yJbTaTe HKCICPUMEHTA COCAMHEHUIN
OBLIIY TTOATBEPKIACHBI CIIEKTPOCKOMMMYECKUMH METOAaMHU 'H u B3C IMP.

Jnst  manbHEWIero  MCCleOBaHUST ~ OMOJIOTMYECKUX  CBOWMCTB
CUHTE3UPOBAHHBIX COEIMHEHUMN, OJiaroapsi KOMIBIOTEPHOMY MOJACIUPOBAHUIO
insilico 3D crpykrypbl coenuHeHuii 2a—k Ha cepBuce PerMM [5], ObLia
MIPOBE/ICHa TEOpEeTUYECKasi OIEHKa MX CIOCOOHOCTH MPOHUKATh B KIETKY
MOCPEICTBOM TTacCUBHOM au(dy3un depe3 PocPoauuIHbIN OHucIoi MeMOpaHbl
npu pH=7,4uT =37 °C (Tabnuua).

Tabnuua — 3HaueHus pacCUMTAaHHONW CBOOOIHOM SHEPTUU CBSA3bIBAHUS
1 K03} (ULIMEHTOB MPOHUIIAEMOCTH COEAMHEHUN 2a—K Il pa3IMYHOrO THIA
onomeMOpaH (TJFOK03a U XOJIECTEPUH — KOHTPOJIb)

Crobommas Jlorapupm Jlorapupm Jlorapugpm
. SHEPTHUs
Hcxonusiin CBS3BIBAMILS koa¢pdunrenta | kodpduurenta | kodpduirenTa
cyoctpar ¢ MeMBpaHofi MIPOHUIIAEMOCTH | MPOHUIIAEMOCTH | IPOHUIIAEMOCTH
’ (UJIM) (IT'3B) (Caco-2)
KKaJI/MOJIb
2a -1,40 7,18 —5,43 -5,32
20 —4,90 1,10 -2,51 -3,20
2B -2,13 -1,66 —3,48 -3,90
2r —2,85 0,40 -3,03 —-3,58
2n —4,46 -1,49 -3,42 —-3,86
2e -1,89 —4,52 4,49 —4,64
2K —2,60 3,00 -3,95 —4,25
I'mroko3a -1,82 -10,44 —6.58 -6,15
XoJlecTepHH -9,69 6,03 -0,77 -1,94
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Pacuer moxazan, uyrto norapudmbl Kod3()PHUIMEHTOB MNPOHHUIIAEMOCTH
OOJNBIIMHCTBA COCAMHCHHWI dYepe3 IUTa3MaTHUeCKyl0 MeMOpaHy dYepHOM
HCKYCCTBeHHOU JumuaHon MeMOpansl (YJIM), remaTosHneanmnyeckuii 6apbep
(I'DB) u kierouHyr MeMOpaHy aJeHOKapIMHOMBI ToyicTod kuinku (Caco-2)
MMEIOT 3HaueHuwe, TmpeBblmaromee —4,35 [5], ciemoBarenbHO, JdaHHBIC
COCITMHECHMSI CIIOCOOHBI TPOHUKATH Yepe3 AT MeMOpaHbl W Y4YacTBOBAThH
BO BHYTPHUKJICTOYHBIX B3aUMOJICUCTBUSX.
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H. ®. TPEYAHUK
benapycs, bpect, bpl'Y umenu A. C. Ilymkuna

®OCPOPCOJEPKAIIME KAUHO30MCKHUE OTJIOKEHMSI
TEPPUTOPUH IOTI'O-3AIIAJTHOM YACTH BEJIAPYCH

Tepputopus roro-zanagHo 4actu beslapycu B KaWHO30MCKOE BpEMS
pa3BUBaAJach B pa3IMUHbIX (PU3MKO-reorpapuyeckux o0cTaHOBKaX. OTIOKEHUS
HIWOKHEIO0 — CpEAHEro HS0LEHa IIMPOKO pa3BUThI B IMPEAENax pPEruoHa.
OHU TpeNCTaBICHBl MIHUPOKUM CIIEKTPOM MOPOJ, CPEIu KOTOPHIX OTMEUCHBI
IIPOCIION TIECKOB C JKeJBakaMu U ranbkoi (ochopuros. Kpome 3toro, 3aech
IIMPOKO PacHpOCTPaHEHbl TOHKHE IIACThl  (POCHOPUTOBBIX MMECUYAHUKOB
B MOPCKOM TOJIIIE BEPXHEro 30LE€HA — HUYKHErO OJUIOLEHA. DTO MOCIEAHUE
MOPCKHE OTJIOKEHUS Ha TEPPUTOPUU FOKHOM 4vacth bemapycu. OTioxeHUs
BEPXHETO  OJIMTOIIEHAa AKKyMYJUPOBAIUCh HA  HEOONBIIMX  TUIOMIAJSX
B IPUOPEKHO-MOPCKUX U KOHTHHEHTAIBHBIX YCIOBHSIX — OCTATOYHBIX O3€pax,
00J10Tax, peYHBIX JOJIMHAX W KAPCTOBBIX KOTJIIOBMHAX. B mo37aHEM onuroleHe
Ha TEPPUTOPUHU WHTEHCUBHO IMPOSBISUINCH KAapCTOBBIE MPOLIECCHI, CBSI3aHHBIC
C TIOJI3EMHBIM BBIIIETAYMBAHUEM KapOOHATHBIX MOPOJ MEJIOBOIO BO3pAaCTa.
OT0 mnOpuBOAMIO K (OPMUPOBAHUIO 3aMaJiMH U KOTJIOBUH, B KOTOPBIX
HAKAIUIMBAIUCh  yTIUCTHIE, (HOChHOPUTH3UPOBAHHBIC  AJEBPUTHI,  TJIUHBI
C IPOCIIOSIMU OypoOTO YTJIS.

B Heorene Ha TEppUTOPUN PETMOHA TPOUCXOIUIIO HAKOIIJIEHUE OTJIOKEHU I
B 03€pPHBIX BOJOEMAaX, PEUHBIX JOJIMHAX U Ha 3a00JIOYEHHBIX MPOCTPAHCTBAX.
B Tonme oTnoxkeHUM MHOIIEHA, CI0KEHHOM IECKaMM, TJIMHAMU, HaXOJISITCS
miacTel Oyporo yris, coaepxkaumme QocdarHsie MuHepaibl. B mpouecce
MPOSIBJIICHHS] KapcTa KapOOHATHBIE MOPOJbI MEJIOBOTO BPEMEHU PACTBOPSUIIUCH
U BBIHOCWINCH, @ Ha UX MecTe (HOPMUPOBAIUCH PA3HOITYOMHHBIC 3allauHBI.
[Ipouieccy pacTBopeHusi moasepraiiuch U GochOpHbIE MUHEpaAIbl YTIUCTOU
TOJNIIM, HO B PACTBOPEHHOM BHJIE MHUIPUPOBAIM HE MJAJNEKO, OCAKIAICH
Ha TIOBEPXHOCTH KapOOHATHBIX MOPOJ, YACTHYHO 3aMeliasi X B BUJIE TOHKHUX
IUICEHOYHBIX BbIAeAcHUN MuHepaia mrtaddennta — Cas[PO,CO3;0H]3F.

OTnoxxeHus: 4EeTBEPTHUUYHOW CHUCTEMBI CIUIOIIHBIM YE€XJIOM IOKpPBIBAIOT
oOpa3oBaHus HeoreHa u najneorena. GopmupoBaHre 4YeTBEPTUUHBIX OTIOKEHUN
CBS3aHO C JESTENbHOCTHIO MOUIHBIX TOKPOBHBIX OJIEACHEHUH M MPOLIECCOB
MEXKJICTHUKOBBIX 3MO0X. B MOpPEHHBIX KOMIUIEKCAX TEPPUTOPUH OTMEUYECHBI
OTTOPKEHIIBI JJOUETBEPTUYHBIX (HEOTC€HOBBIX, MAJICOTEHOBBIX, MEJIOBBIX) MTOPO/I
U Kpuctajuimueckux mnopon u3 PenHockanauu. Cpeau MOCIEIHUX YacTo
BCTPEUAIOTCSL TOPOJIbI, coaepkaniue ¢ocdhaTHple MUHEpabl, B pe3yJbTaTe
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pa3pyuIeHus] KOTOPBIX MPOUCXOIUT 00OTallleHUE PHIXJIBIX OTIOKEHUHN KBapTepa
dbochopom.

®ochop saBrsercs MUTOPUIBHBIM, XaTbKOIUTOPUIBHBIM U OMOPUIEHBIM
arieMeHTOM. B mpupojie OH U3BECTEH B BUE KOMIUIEKCHOTO KHCIOPOIHOTO HOHA
[PO,*. Uon P° o6pasyeT ¢ KHCIOPOAOM TETPadApUYECKYI0 AHMOHHYIO
rpynmupoBky [PO4]*~.  Kmapk ¢ocpopa B 3emuoii kope 0,1 %. Comm
TPEXOCHOBHOM PochopHOI KMCIOTHI 00pa3yIOT OHO3AMEIICHHBIE PACTBOPUMBIE
dbocdaTel U TpyAHOPACTBOPUMBIE JIBYX- M Tpex3amelleHHble conu. Hanbonee
pacmpocTpaHeHbl B IpHUpoje coeauHeHus (ocdopa rumnepreHHOro reHesuca.
B npupone uzBectHo 240 munepanoB docdopa, u3 Hux 178 rumpodocdaros,
41 dpochar u 10 cunmukatoB. OCHOBHBIE UYEPTHl €r0 MUTPALUU OMPEICISIIOT
nBa MuHepana — (ochOpHUT U BUBUAHUT.

docdop oTHOCHUTCS K MUKpO3JeMeHTaM. Ero ycpe1HeHHbIN BECOBOM KJIapK
B YETBEPTUYHBIX OTJIOkKEHUsIX benapycu cocrasmnsier 525,7 r/t1. Knapk dochopa
B MOPEHHBIX OTJOXXEHUSIX NPUISATCKOIO TOpU30HTa cocrtaBiger 439 r/T,
oepesunckoro ropuzonta — 300 r/t. IloBblieHHOE conepkanue P B MOpEHHBIX
OTJIOKEHUSIX MPUISITCKOTO TOPU30HTa OOBACHAETCS HAIUYUEM BAIyHHOTO
MaTepuaiga M3 CKaHIUWHABCKOrO IeHTpa oneneHeHus. Kmapk P B BoaHo-
JIEIHUKOBBIX TOJIIIaX cocTaBiseT 515 /T, a B 6epe3nHCKOMN TOJIIIE OH IOCTUTaeT
300 r/t. B 03epHO-JIEIHUKOBBIX OTJIOXKEHUAX Kiapk P cocraBmser 1754 r/T,
a B aumoBUaiIbHBIX 584 1/T. B 03epHBIX OTIOXEHUSX Kiapk P cocrasiser
1008 r/t, a B 6omotHeIx — 875 1/T. Ilnomananoe coaepskanue P 1o cpaBHeHUIO
C KJIAPKOBBIMU COJICPKAHUSMU B OT/ICTbHBIX T€HETUYECKUX TUTIAX YETBEPTUYHBIX
OTJIOXKEHMI mpeBbIaet B 2,25 pa3a u cocrasisiet oT 1100 o 1200 r/t [1].

Ha teppuropuu perroHa B najeoreHOBBIX OTIOKEHUAX Hanbosee 0ObIYHBI
clieyromue TUMbl GocHOpPUTOB: MOPCKHUE KEITBAKOBBIC, TAJICYHBIE U MJIACTOBBIC
IaTOPMEHHOTO  TUMA; TMEPEOTIOKEHHbIE  (POCHOPUTOBBIE  TAIECUHUKH
¥ KOHTJIOMEPATHI — MPOAYKT Pa3MbIBa U MEPEOTIOKEHUS paHee CYIIECTBOBABIINX
3anexxeid (M3 MEeJOBBIX ) OTIIOKEHUH; OCTATOYHBIC — CKOTUICHUS HEPACTBOPEHHOTO
ocTaTka OT BbIIIeNa4yuBaHusg (HOCcHOPUTHIUPOBAHHBIX KApOOHATHBIX TMOPOJ —
U MHQUIbTPALMOHHBIE — 00pa3yloUIrecss B pe3ysibTaTeé BbIHOCA MEHTAOKCHIA
dbochopa TOBEPXHOCTHHIMH BOJAMH TpU  BbIBETpUBaHUU  (HochopuTu-
3UPOBAHHBIX MOPOJ U OTJIOXKEHHUS €ro B HUXKenexamux ciosx. [lo ycimoBusm
3aJieraHdsl  BBIAEJSIOTCS  JKEBJIAKOBbIE  (KOHKPELUMOHHBIE),  TaJleYHble
1 MaJIOMOIITHBIC TIACTOBBIC IMIECYAHUCTHIC (OCHOPHUTHI.

dochopuThl TEPPUTOPUH PETHOHA — CEPOBATHIE, )KENThIC, OyphIe U TIOUYTH
YyepHbIe, OONBIIEH YacThIO MOYKOBHUIHBIC, KOHKPEIMOHHBIC, peXke TpyOdaToi
(GbOpMBI TIOPOJIBI, COCTOSIIIIME W3 BOJIOKHUCTOTO WM AyTHUTEHHOTO IUIOTHOTO
amaThTa ¢ pasIUYHBIMU TpuMecsMH. YacTo conepikaT OCTaTKH KOCTeH, 3yOoB,
PaKkoOBMH WM CJeObl APYTruX OKaMmeHenocTed. LlemMeHToOM B 3THX mopomax
aBisgercss (QocaTHOE BEIIECTBO, NPEJICTABICHHOE MUHEpPAJIaMHU TPYIIIbI
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docdarToB Kampius, pexe ¢GocaToB aTIOMUHUS, MArHUS M MapraHila B BHJE
OOJIUTOB U 00JIUTOUAOB. DPocdaTHbIE OOTUTOUABI — 3TO (HOCHOPUTUINPOBAHHBIE
MEJIKAE KOIPOJUThI — CHEMEHTUPOBAHHBIA OKAaMEHENbI IOMET MOPCKHUX
JKUBOTHBIX 3€JICHOBATO-CEPOM OKpacKu. XHUMHUUYECKH cocTtaB (ochopuTos
U3MEHAETCS B 3aBUCUMOCTH OT IpuUMeced. B 3aBUCHMOCTH OT YCIJIOBHI
oOpa3oBaHHsS MHHEpAJIbl, BXOJdlIMEe B cocTaB (HocHOpUTOB, MOTYT OBITh
NoJIpa3/iefieHbl Ha TPHU TPYIIbI: OOJOMOYHBIE (TEpPPUTCHHBIE), OTBEUAOIINE
COCTaBy OCaJika, B KOTOPOM 00pa3oBalIUCh, — 3TO MPEUMYIIECTBEHHO KBapil,
[JIMHUCTBIE MUHEPAJTbI, TIOJIEBBIE IINATHI U JPYTHUE CUIIMKATHI, MEJIKME OOJIOMKH
NOpoJl; ayTUIE€HHBbIE, CBSI3AHHBIE C OOCTAHOBKaMHU, B KOTOPBIX MPOUCXOJIUIIO
oOpazoBanue ¢ocdara, — rIayKOHUT, MTUPUT, MAPKA3UT, MUHEPAJIbI KpEeMHE3eMa
U KapOOHAThl; MHHEpPabl, CBS3aHHbIE C NPOLECCAMH MOCIEIYIOLIUX
npeBpaieHuii (HochopuToB, yke CPOPMUPOBAHHBIX B MOPOJY U MOJBEPTHYTHIX
OoJee MO3IHUM U3MEHEHMSM B Ipolieccax runpreHesa (Oypble OKHCIbI JKeme3a,
OKHCJIBI MapraHiia, TUIC U amomodocdarsr).

Ha roxuom Oopty Ilommsiccko-bpecTckoil BoaauHbl B KUEBCKOE BpEMs
CYILECTBOBAJIO MEJIKOBOAHOE MOpE €O CHOCOM Marepuana u3 JIyKoBCKoO-
PatHoBckoro ropcra u Ilonecckoil ceanoBuHbl, rae Ha rayOuHax 13-45wm
pacmpocTpaHeHbl 0a3anbThl BoJbiHCKOM TpamnmoBod ¢dopManuu — OCHOBHOM
nepBuYHbIA UCTOYHUK (ocdopa. pyrum ucrounukom P,Os B Mopckoit Boje
SBJIAETCSI PA3JIOKEHHUE IIAHKTOHHBIX OPraHU3MOB. ODTOT IPOLECC IOIOJHSIET
3amnac gochopa B MOPCKOI BOZIE, UTO B KOHEUHOM UTOT'€ IPUBOAUT K OCAXKACHUIO
ero xumuyeckuM mnyTteMm. OcaxaeHue QocaTHbBIX MHUHEPAIOB MPOUCXOIUT
B OCAJIKE€ HAa PAaHHEM JIMareHe3€ U3 WIOBBIX PACTBOPOB, rie KoHueHTpauus P,Os
B 4—5 pa3 BbIllIe, YeM B MOPCKOM Bojze. Bricokoe nmapuumansHoe nasiienne CO;
NPEnsATCTBYET ocaxkAeHUI0 pocdaToB. [Tpu nogbeme Bo1 Ha mienb( mapuuagIbHOe
JABJIEHUE YMEHBIIAETCS U IPOUCXOIUT OCAXKIEHUE CHavana KapOOHATOB, a 3aTeM
u  QocharoB. DochoputoBas MUHEpAIHU3ALUUs NPUYpPOUYEHA K TIUHUCTO-
aJIeBpUTOBO-TIECYaHbIM (pammsim  menkoro 1menbda. DochoputoBas ToIIA
IPOCTUPAETC B CyOIIMPOTHOM HalpaBiieHWH OT J[pormuMHa Ha BOCTOKE [0
rocyapCTBEHHOM IpaHUIlbl Ha 3amaje. B 3anagHoi yactu 3Toi mojiockl B 10 kM
K IOT0-BOCTOKY OT eJe3HOA0pokHOHM cranmuu [lybuma Bpectckoro paitona
HaxoauTcs MecrtopoxkiaeHue llpurpannynoe. 1o naHHBIM OypOBBIX CKBAa)KUH
OKOHTypeHHasi (pochopuTOHOCHAS TOJIIA BKJIKOYAET JiBa IJIACTa >KEBJIAKOBBIX
dbochopuroBbix mopoa. Ha »stoit mmomanu 3aneraet 19,2 muH T docdaTHBIX
nopoJ, coaepxkamux 1,24 miiH T pocdarnoro anruapuaa. CpeaHee coaep:kaHue
P,0s cocraBnsier 6,43 %. [2]. JKeBnakoBble U rajnednble (PocHOpUTOHOCHBIE
NOpOAbl MECTOPOXKJICHUSI TEHETHMYECKH MPUYPOUYEHBbl K IUIAT(HOPMEHHBIM
OTJIOXKEHMSIM, M IO COCTaBy OHM MOJPA3ICISIIOTCS Ha KBaplieBO-TECUaHBIE,
KBapll-aJIeCBpUTOBBIE M TJIAYKOHUTOBO-TiecUanble. B mnumdax BuaHO, YTO
00pa3oBajJuCh OHU B pe3yjibTaTe MECTHOM IIEMEHTAI[MU KBaplieBO-TIECUaHbIX
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U TIAYKOHHUTOBBIX OOJIOMKOB (hochaTHBIM BEHIECTBOM. JTO BEIIECTBO Yallle
BCEr0  MPEJCTABICHO  MHUHEPAIIOM  KYPCKUTOM  WIM  MOJOJIUTOM
(Cas(PO4CO3)3;0H). Hammume »stux  docdopcomepkammx  MUHEPAIOB
nuarHoctupyercst npu nomomu 10 %-i  a30THOM KHCIOTBI M MOPOIIKA
monnoaenoBokucinoro ammonus ((NHy):Mo0O,). Ha wucneiTyembiii oOpaseir
HAaHOCUTCS 4—5 KpYNHMHOK O€oro MopoIika MOJIUOJEHOBOKUCIOTO aMMOHMS
U 3areM 3—4 Kamid a30THOM KUCHOThl. [lpu Hamuuuu B MCHBITYEeMOH mopoje
1,5% u Gonee P,Os uepe3 1-2 MUHYTBHI MOSBISIETCS SPKO-KEITBIM OCAIOK
dbochopro-mommbaenoBoro ammonus ((NH4)3sPO4-12M00O3).

Ha tepputropun Manoputckoro paiioHa B oKpecTHocTH 1. OpexoBo
B Kapbepe Mo pa3pabdOoTKe Mela B pa3pese MajeOTCHOBBIX OTIOXEHUN BCKPBITHI
CJIOM C BKJIIOYEHHEM rajneuHbix (ochoputoB. B maTepuaie oToOpaHHON MpoObI
Maccoit 50 xr BeiienieHo 126 pazHOpa3MepHBIX TaJIeK O0IIe Maccoi 0K0JIo 8 KT.
Takue e TaJlbKU M MAaJOUYUCIICHHBIC >KEJIBaKOBbIC CTshKeHUs Qocdoputa
OOHapy»eHbl B TOJIIE YETBEPTHUUHBIX OTJOXKEHUN B Kapbepe Mo pa3padoTKe
MecYaHoO-TPaBUHHON cMecH Ha 30ypakCKOM IpsJie BO3JIe OTHOUMEHHOM JIEpPEBHMU.

Anomanuu ¢ocdhopa B YETBEPTUUHBIX OTIOKEHUAX PETUOHA TPUYPOUYCHBI
K TOp(MSHBIM MaccuBaM, O€pErOBbBIM O0OphIBaM PEK U 3aTOP(POBAHHBIM YUACTKAM
noiim Scenbasl, [lapel, 3anagnoro byra, Myxasia, JlecHoil, PeiThl, KonaeBku,
[TynbBel, HaxmoBku, OcumnoBku, CepenoBoit Peuku u nip. ®ochopHbie aHoMaInu
npeacTaBieHbl  TopdoBUBHAHUTaAMU. BuBHaHUTHI (TOPGOBUBUAHUTHI) — 3TO
dbochopHokucnas 3akucHas coib kene3a Fesz (POs)2:8H,0. Ouu maxomsTcs
B Tojmie Topda Ha HU3MHHBIX ydacTKaxX OOJOT M 3a00JIOYCHHBIX MOMMEHHBIX
TEPPUTOPUSIX B BHJEC HEOOJBIIMX THE3M, JIMH3 U TOHKUX MPOCIOEB Oesoro,
CBETJIO-CEpPOro IBeTa. B OOPBIBUCTHIX OEpPETOBBIX OOHAKEHUSX OKHCIICHHBIN
BUBUAHUT KOHTPACTHO BBIJEISETCA SIPKUM CUHUM IBETOM. ['a30Bble (opMmbl
coequHenuii pocdopa (PH; — docdun) nposiBisitorcss B OMOT€OXUMUYECKOM
KpyroBOpoTe€ Ha OOJIOTHBIX JaHAmadrax u TadalbHbIX (KJIaJIOUIIEHCKUX)
naHamadTax XxapakTepuzyemMou TeppuTopur. B mouyBax peruoHa yCTaHOBJIECHO
Hajnuuue Tpex rpynn (ochaTtHbIXx MUHEpanoB: (ochaTbl KaiblHUs U MarHus,
dbocdaTel MOTYTOPHBIX OKUCIOB W KOMIUIEKCHBIC (ocdaThl, a TaKKe OCTATKH
docdopcoaepkaux HUHCEKTUIIUIOB, TMPUMEHSIEMBIX JUISI  YHUUYTOXKECHUS
BPEIUTENEH CEIIbCKOXO3SIMCTBEHHBIX PACTEHUM. B IMOA30JIMCTHIX MMOYBAaX Yallle
BcTpevaroTcsi (ocdarsl amromuHusg, a B 3a00J04eHHBIX — (pocdarsl xenesa.
B atux rtpynmax mnpenctaBieHbl (GOPMBI, XapaKTEPU3YIOIMIMECS Pa3IndHOM
pactBopuMocTbio. PactBopumocTh (ochaToB BapbUpyeT B 3aBUCUMOCTH
OT YCIOBUM cpenbl, GOpM COEAUHEHUM M CTENEeHU OKPUCTALIM30BAHHOCTU
dbocdaroB, TemmepaTrypbl, OWOTEHHOCTH CpE€Ibl, HAJIUYMUSI YTJIEKUCIOTHI.
MHorokpaTHoe BoO37eHCTBUE BOJABI pacTBopsieT 10 9 % P,0s. IlpucyrctBue
CnabbIX OpPraHMYECKHX KHUCIOT, a TeM O0oJjieeé CEpPHOM KHCJIOTHI IOBBIIIACT
pPacTBOPUMOCTh JI0 JIECATKOB U COT€H MWUIUTpaMMOB B juTpe. OOpa3zoBaHue
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docdara kene3za (BUBHAHWUTA) — CIOXKHBIM Tporiecc. [[ns aToro obsi3aTenbHO
HEO0OXOAMMO, YTOOBI KHCJIOPOJa W YTOJBHOW KHCJIOTHI OBLIO HEJO0CTATOYHO
JUISL TIOJTHOTO OCaXJIEHHMs kene3a. Takue ycimoBUs HAOJIOMAOTCS B HU3WHHBIX
OomnoTtax u nomMax pek. Cpenu 60710THBIX (PochaToB perrnoHa BblIeNIEHbI YEThIpEe
MUHEpalIbHbIE PA3HOBUIHOCTH, OTJIMYAIOIIMECS JPYr OT JApyra BHEIIHUMHU
O0COOEHHOCTSIMHU, BHYTPEHHUM CTPOCHUEM M XUMUYECKUM cocTaBoM. Yaiie Bcero
HOBOOOpa3zoBaHusi (pocdopa MpeacTaBlIeHbl CKOIJICHUSIMU BOAHOTO (Qocdara
’Kene3a — BUBUAHUTA B BHUJE TMOYKOBUAHOW, THE3J0BOM, 3EMIIMCTOM MACCHI,
pexe B BUJE PaAUaIbHO-TYUYUCTBIX arperatoB. MuHepaa OKpalleH B CBETJIbIC
TOHA, HHOrAa OH OecuBeTHbIM. TBepaocte 1,5-2. VYaensHblli Bec 2,95.
OOpasyeTcss B DK30T€HHBIX YCJIOBHUSX B BOCCTAaHOBUTEIBHOU cpene. MuHepan
CMEIIaH WM TepeMekaeTcss ¢ TophoM U C OcCaJKaMH OKHCIIOB >Keje3a
WU OOJIOTHOTO Mepreis.

Bropast pa3HOBHIHOCTH 0Opa3zyercsi MpH JIOCTYNE KHUCIOPOAA U3 BO3IyXa.
[Ipo3paunble nam OenoBaTbie MEJIKUE MOPOIIKOBHUIHBIE arperaTbl BABUAHUTA OBICTPO
cuHeloT, npespamasick B anb(a-kepueHuT ((Fes? Fes® (OH)s(PO4)s -18H,0)).
OH sBnsieTCS OTHOCUTEIHHO YCTOMYMBBIM MHUHEPAJIOM B OKHCIUTEIbHBIX
YCJIOBUSIX 1 00pa3yeT psiJi COSAMHEHU M, OTIIMYAIOIIUXCS IPYT OT APYra CTEIEHbIO
okucieHus. [lpu TMOTHOM OKHCIIEHMH Kejle3a MPOUCXOAUT pa3pylIeHUe
KepUYCHUTA U MPEBpAIllEHUE €ro B MUIUT — OCHOBHOM (ocdaT okucia xenes3a
4FePQO4 Fe(OH)3:H,0. D10 TpeThs pazHOoBHIHOCTH GocdaTa.

YerBepToii pPa3HOBUIHOCTBHIO OOJOTHBIX (ocdaToB Kele3a peruoHa
ABJIIETCS] OEpaAyHUT — MUHEPAJI, COCTOAIUHN U3 (pocHOpPHOKUCITON OKHCH Kee3a.
Ero xummueckas popmymna — 3Fe,03 2P,0s-17H20. DToT MUHEpa IpeACTaBISICT
co00¥1 Cepo-KEeNTYIO 3eMIIMCTYIO0 MacCy Ha BHENTHEH MMOBEPXHOCTH SPKO-CHHETO
KepUYCHUTA TIOCNIE JJTUTEIHLHOTO HAXOXKICHHUS TOCIEAHETO B OKHCIHMTEIbHBIX
yciioBusiX. B OepayHuTe moBbIIeHHOE cojepkanue PyO0s (mo 32 %)
10 CPaBHEHHUIO C MCXOJHBIM KEPUCHHUTOM, YTO JIEeJIaeT €ro 0oJjiee YCTONYMBBIM
B YCJIIOBHSX BHEImIHEH cpenbl. TOHKHE IUIGHKHM 3TOTO0 MHHEpaja OTMEUYEHBI
B OeperoBbix 00pbIBax p. Myxasert, Jlecnoit, Acenbabl.

CIIMCOK UCITOJIb30BAHHOM JINTEPATYPHI
1. MatBeeB, A.B. I'eoxumus dYeTBepTHYHBIX OTIOXeHUU bemapycu /
A. B. Matsees, B. E. bopaon. — Munck : benapyc. HaByka, 2013. — 191 c.
2. Ilonesnbie uckomnaemeie benapycu: K 75-neruro benHUI'PU / peaxon.:
I1. 3. Xomud [u np.]. — MuHck : Anykartisis 1 BeixaBanne, 2002. — 528 c.
K conepxkaHuio
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A. B. IEMUJYHUK
benapycs, bpect, bpl'Y umenu A. C. Ilymikuna

PACUET KOHIIEHTPAIIUU U TIOABUKHOCTHU HOCUTEJIEN
3APAJA JJI51 ®OJIbI" CIIJIABA BiogeSbo,11, JETHUPOBAHHOI'O
I'EPMAHHUEM

Tak Kkak CIUTaBbl BHCMYT-CypbMa HaXOJST TNPUMEHEHHE B KadecTBe
TEPMODJIEKTPUUYECKUX MATEPUaAJIOB, TO MPEACTABISIET UHTEPEC UCCIENOBATh UX
ANEKTpUUYECKUe cBoicTBa. CBOMCTBA MOHO- U MOJIMKPUCTAJUIMYECKUX 00pa3IoB
M3Y4YCHBbl B JOCTATOYHOM MEpE, B TO BPEMs KaK 3KCIEPUMEHTAIbHBIX JAHHBIX
0 MaTepuasaM, MOJTYyYEHHbIM B CUJIbHO HEPABHOBECHBIX YCIIOBHSIX, MAJIO.

M3BeCTHO, 4YTO B HCCIEAYEMOM CIUIaBE KOHUEHTpAIMU 3JIEKTPOHOB
U JBIPOK COBMAAAIOT, a TOJABUKHOCTD AJICKTPOHOB | MPEBBIIIAET MOJBUKHOCTD
neipok v [1; 2]. Jlnsa onpenelieHns yKa3aHHBIX apaMeTpOB HOCHUTENEH 3apsiaa
MCIIOJIb30BaNach JIBYX30HHASI U30TPOIHAS MOJEIIb, COTJIACHO KOTOPOU yAEIbHOE
COMPOTHUBJICHUE, MAaTHETOCONPOTHURICHUE U KoddPuimeHT Xosia MOryT ObITh
1 p=Bqv, R=1.VH
ne(u+v) ne v+u
N3 ykazaHHbIX POpMYIT MOKHO BBIPA3UTh HapaMeTpLI HOCUTEJIEH TOKA:

1
HoEs e BbE)
e lp) B2 M2 T T | VT2 0 p) TR

PacueTsl HOcuTEnen 3apsaa MO3BOJIST, B YaCTHOCTH, CHEIATh BBIBOJ
O Ppa3IMYHBIX MEXaHU3MaX pacCcesHUs TPU HUBKUX TeMIlepaTypax U
TeMrepaTrypax, OJIM3KMX K KOMHATHOH, a TakKe 0OBSICHUTD 3HaK Kodduiimenra
Xomna u guddepenumansHoit Tepmo-3/[C 11 uccieryemMoro cjiaa.

OKCIepUMEHTaIbHBIE  TEMIEpaTypHbIE  3aBUCUMOCTH  YJEJIBHOIO
COMPOTHUBJICHUSI, = MAarHETOCOMPOTHBJICHUS W  Koddduiumenta  Xosuia
IpEe/CTaBICHbl Ha pUCYyHKax 1-3. YaenbHOe conmpoTUBIEHUE (POJIBI TPOMHOTO
CIJIaBa HECKOJBKO OOJIbIE 3HAYCHMS JJisi OMHApPHOTO CIIaBa U MOHOTOHHO
YMEHBIIIAETCSI BO BCEM HCCIEIyeMOM TEeMIIEpaTypHOM HHTepBaie [3].
MarnetoconpoTHBIECHUE TPOWHBIX CIUIABOB HA TOPSAOK MEHBINIE, YeM
y OMHapHBIX CIJIAaBOB, U MPAKTUUYECKU HE U3MEHSETCS BO BCEM TeMIIEpaTypHOM
WHTEpBaje, B TO BpeMs Kak i OWHAPHBIX CIUIABOB OHO MOHOTOHHO
yMmenbiasiochk [4]. Koaddunuent Xosna mosoxuTeneH B 00JACTH HU3KHUX
TeMmreparyp, MPUHUMAET OTPUIlATEIbHbIC 3HAUYCHUS, HAUYWHAS C TEMIIEPATYPhI
oonee 100 K (myns OwHaApHBIX CIUIABOB OH OTPHIIATENICH W TPU HUBKHX,
U TIpU BBICOKMX Temreparypax) [4].

BBIPAXEHBI CIIETYIOIIUM 00pazoM: p=
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9,5
8,5 ¢ 0,25 ar. % Ge
g | (,5ar. % Ge

7,5 m R
= n Alar. % Ge
= 6,5 . O2ar.?
2 . ﬁg a at. % Ge

x 4ar. % Ge

= 55 *
6. ¢ N @ g

4,5 om R a

emg
35 o 228 % 96
. *388 088 gqauid
7 127 177 227 2717 T,K

Pucynok 1 — TemnepatypHasi 3aBUCUMOCTb YJI€JIBHOTO 3JIEKTPOCOTPOTUBIICHUS
crutaBa Ha ocHOBE BioggShg 11, mermpoBannoro Ge

o 0,25 ar. % Ge = (0,5 at. %Ge a1 at. % Ge
B
x 2 ar. % Ge ® 4 at. % Ge
0,055A_____..-__
A A A,
e R L LT T PP
0,03 T T T T T T T T T T T T T T T T T T T T T T
77 148 196 239 273 T, K

Pucynok 2 — TemnieparypHast 3aBUCUMOCTb MarHeTOCONPOTHUBIICHUS CILJIaBa
Ha ocHOBe BiggoShg 11, mermposannoro Ge

R, em3/Ka
0,75 ~
+ 0,25 at. % Ge a 0,5 ar. % Ge
= | ar. % Ge a 2 ar. % Ge
0,25 -
e x 4 ar. % Ge
4 ; 2
T T I*I T T T T T T T T T T T T T T T T T 1
7o 9 23 245, AT K
_0,25' l |!.2!!!.00
. " me o .
pptltes
-0,75 -

Pucynok 3 — TemneparypHasi 3aBUCUMOCTb K03 (duiinenTa Xosa crjaBa
Ha ocHOBe BlggoShg 11, meruposannoro Ge
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Tabnuia — PacyeTHbIe 3HAYCHNUS KOHIICHTPAIIUA U TTOABMYKHOCTA HOCUTEIICH
3apsiaa OMHAPHBIX U TPOMHBIX CILIAaBOB Ha 0CHOBE BipgoSho 11

IToaBm>xHOCTE
Cocras, Temneparypa, K KOHuengiuHH, SICKTPOHOB, HOI[BI/I}K;—IOCTB
at. % Ge 10 m v2/(B-c) IBIpoK, M%/(B-c)
0.00 77K 1,04 6,73 2,93
' 280K 11,08 1,51 0,91
0.95 77K 4,05 1,22 1,26
' 280K 10,99 1,28 1,17
0.50 77K 3,35 1,14 1,16
' 280K 9,24 1,15 1,10
100 77K 3,44 1,09 1,11
' 280K 9,42 1,10 1,04
200 77K 3,51 1,05 1,07
’ 280 K 9,44 1,06 1,01
4.00 77K 3,59 1,02 1,03
’ 280 K 9,47 1,03 0,97
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A. 5. JOT'EJIb!, U. B. MUHEEBA®?
'Benapycn, Munck, BI'Y
’benapych, Munck, HUM OXII BI'Y

CHUHTE3 HOBBIX 3-T'MIPOKCH-2-OKCUNHAOJ0B
M IN SILICO TPOTHO3 UX BUOJIOTMYECKHUX MUIIEHEH
N ITOBOYHOTI'O AEUCTBUA

3-THIPOKCH-2-OKCHUHIOJIbHBIM CTPYKTYPHBIA (hparMeHT 0OyCIIOBIMBAET
MOJIe3HbIE OMOJIOTUYECKUE CBOWCTBA psiia MPHUPOAHBIX W CHHTETHUYECKUX
COCIMHEHUW, Takue Kak aHTunpoiudepatuBHble, aHTU-BUY, anTnOaktepu-
anbHble cBoMcTBa [l1]. BBenmenue apyrux ¢dapmMako@opHbIX (parMeHTOoB
B 3-TUAPOKCHU-2-OKCUHIOJICOACPKAIINE COCIUHEHUS TPUBENET K TOSBICHUIO
HOBBIX OMOCBOMCTB HJIM M3MEHEHUIO CylIecTByIonmX. Hampumep, B aurepatype
COOOILIaeTCss O TOM, YTO BBEACHHME LMKJIONPONWIBHOIO (pparMeHTa MOXKET
0o0yCJIOBIMBAaTh MOBBILICHHUE AKTUBHOCTH, CHU)XEHHE IOOOUYHBIX 3(PQEKTOB,
yBEJIMYEHUE METa00IMUECKON CTaOMIIBHOCTH pa3padaThiBAEMbIX JIEKAPCTBEHHBIX
COeIMHEeHUN [2].

Ilenbto paboOTHI SBISIETCS CUHTE3 HOBBIX 3-THAPOKCHU-2-OKCHHMH]IOJIOB,
COJEpKallMX IUKJIONPONAaHOBblE U JApyrue (apmakopopHbele (PparMeHTsl,
U TIporHo3 IN SiliCO GHOJOrHYeCKUX CBOMCTB MOJIYYCHHBIX COCIMHEHUI.

PaccmatpuBaempie  coemuHEHWS OBITM  TOMYyYEHBI B pe3yJbTaTe
B3aMMOJICHCTBHSI SKBUMOJISIPHBIX KOJUYECTB M3aTHHA WM €r0 MPOU3BOIHOTO
C COOTBETCTBYIOIIUM KETOHOM B H3OMPOIMUIOBOM CHHPTE M B MPUCYTCTBHU
IUITUJIAMUHA B KadecTBe Karanmm3atopa. CTPYKTYpel BCeX MOMYyYEHHBIX
COeMHEHMI ObLTHM mokazansl Mertomamu ‘H u BC SIMP. CxeMmbl CHHTE3a
¥ BBIXOJIbI IPOTyKTA MPEACTABICHBI HA PUCYHKE.

In silico mporHo3 6MOTOrHYECKUX CBOMCTB COCTUHEHUH ObLIT OCYIIIECTBIICH
c mnomombio Mmoayns PassOnline. B Tabmume 1 mnpeacrtaBieH MNpPOTHO3
BO3MOXXHOTO B3aUMOJCHCTBUS C MPOTEMHAMH KaK NPSIMbBIMH MHULICHIMHU
coequHenuii 1-16.

CornacHO TOJy4YEHHBIM JAHHBIM, BEPOSTHOM MHILEHBIO COECIUHEHUM
1,7, 10, 15 aBnsieTcss KNHA3a MUTOT€H-aKTUBUPYEMOM MTPOTEMHKUHA3BI IBOMHON
cnerupuynocty 7 (MAP2K7 nnun MKK7). MKK7 y4yacTByeT B akTUBHpPYEMBIX
CTpeccoM Ipolieccax, omocpeaoBaHHbIXx curramom c-Jun N-terminal kinase
(JNK), urpasi pemaroiiyro pojib B pa3iu4HbIX (PU3HOJOTMYECKHX Ipolieccax,
Takux Kak nponudeparus u quddepeHnmanys B pa3IndHbIX TKAHIX U OpraHax.
MKK?7 cnocoObcTByeT BO3HMKHOBEHHIO METAacTa30B IMPEUMYIIECTBEHHO
B crenn(UyYecKkux BUAAX paka, TaKUX KaK paK JIETKOTO C OIpeneleHHBIMU
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TeHEeTUYECKUMHU TMOJMMOp(PHU3MaMH, HJIM B BOCHAJUTEILHOM MHKpOCpPEE,
KOTOpas MOAJNEPKUBAECT MUTpalrio U MHBa3uio kierok. MKK7 crnocobctByer
anonTo3y, INPEXKIE BCETO B OTBET HA KIETOYHBIM CTPECC, U B PANE CIIy4acB
ABJISIETCA YacThbIO MEXAaHU3MOB TIOJABJICHUS pPOCTAa OMYyXOJH, KOTOpPbIE
HaIpaBJIeHbl HA YHUUYTOXKEHHE TTOTEHIIMAJIEHO OMACHBIX KIIETOK. Takum o0pazom,
MKK?7 sBisercss mepcrneKTUBHOM MUIIEHBIO I pa3pabOTKH JIEKapCTBEHHBIX
npemnapatos [3].

i-PrOH
Ry Et2NH (kar.)
3 ;um
1 11
1,2,3,10,11-16: Ry=H; 2,5,8: R,= g ¢l 10:Rp=
4,5,6: R;=Br;
7,8,9: R;1=NOy;
1,4,7: Ry=Ph; S

3,6,9: RZ_ " RZ_ ﬂ
st M < ?

| ~SPh
SPh

13: Ry= —% 14: Ry=—
™sTol

STol

15: Ry= —%QNHZ
(\O
J 1: 78 %, 2: 85 %, 3: 86 %, 4: 79 %, 5: 91 %, 6: 84 %,

S N 7: 58 %, 8: 86 %, 9: 85 %, 10: 78 %, 11: 82 %;
g 12: 84%, 13: 88%, 14: 75%, 15: 55%, 16: 57%
16: Rzz—g \

Pucynok — Cxema cunTe3a
Y BBIXOJIbI 3-3aMEIICHHBIX-3-TUAPOKCU-2-0OKCUHI0I0B 116

CyObenuHuIia NpoTeacoMbl SBISIETCS MUIIEHBIO BCEX PACCMATPUBAEMBIX
coeMHeHui, kpome coeanHeHus 16. [Iporeacoma — 3TO KpymHBIA OEITKOBBIMA
KOMIUIEKC B JYKapUOTMUYECKUX KIIETKAX, KOTOPBIA OTBEYACT 3a PACILCILICHUE
HEHYKHBIX, MOBPEXKICHHBIX WJIM HEMNpPaBUIbHO CGHOPMUPOBAHHBIX OEIKOB.
JucpyHkuss  mpoTeacoM  CBsi3aHa € HEKOTOPHIMH ~ BHUJAMH  paka
U HelipoJiereHepaTUBHBIMU 3a00JI€BaHUSIMU, TAKUMHU Kak 00Je3HU AJblreiimepa,
[Tapkuncona,  XanTtuHrtoHa.  VHruOupoBaHMe  TPOTEACOM  SIBIACTCS
NOTEHIIMAIBHON CTpaTeruel AJid JeUYEeHHs] PAKOBbIX 3a00JI€BaHUI, B TO BpeMs
KaK aKTUBAIMS IPOTEACOM MOXET HAWTH MPUMEHEHUWE B JICYCHUH
HeHpoJIereHepaTUBHBIX 3a00JIeBaHMi [4].
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Tabnuma 1 — PesynberaTst in Silico mporHo3a npsiMbIX OETKOBBIX MUTICHEH

JUTSI ICCIIETyeMBIX CoeTMHEeHM 1-16

[Ipsimbie MutIeHU

[Ipsimbie MulIEHH

S Tun nporenHa P, S Tun nporenHa P,
MKKY 0,7222 CYP2J2 0,6679
CII 0,6468 VEGFR-3 0,5479
1 OXSR1 0,6028 9 CII 0,4961
CYP2J2 0,5750
CaM kunaza IV 0,5513 PDGFRA 0,4565
CYP2J2 0,5847 CYP2J2 0,6713
CII 0,5866
2 5 10 ERK1 0,5644
i 0,5845 PAK2 0,5251
MKK7 0,4715
VEGFR-3 0,5944 CII 0,5689
3 CYP2J2 0,5777 11 OXSR1 0,3741
CII 0,5717 MAPK13 0,3129
PDGFRA 0,5270 CYP2J2 0,2879
Nek11 0,6009 CII 0,5602
4 CII 0,5941 12 CYP2J2 0,5301
CYP2J2 0,5376 STK38L 0,4625
CYP2J2 0,5569 CYP2J2 0,5187
5 CII 0,5218 13 CII 0,5181
Nek11 0,4649 STK38L 0,4627
VEGFR-3 0,6486 CII 0,5484
5 CYP2J2 0,5417 14
CII 0,5196 CYP2J2 0,5084
PDGFRA 0,5127
CYP2J2 0,6800 MKK7 0,6552
CII 0,5848 CII 0,6153
7 ERK1 0,5769 15 CaM kunaza IV 0,5590
PAK?2 0,5464 Nek11 0,5497
MKK7 0,4666 CYP2J2 0,4758
CYP2J2 0,6732 PIP5K1g 0,7314
8 CII 0,5114 16 Nek9 0,6485
PAK?2 0,4374 CYP2J2 0,1293

ITpumedanue —* — ucciaenyeMoe COeJUHEHNUE,

* — CII — cyObenuHuIa IPOTEACOMBI.

Bce wuccnemyeMmble COEIMHEHUSI C pPa3HOW BEPOSITHOCTHIO CIIOCOOHBI

6

— P2 — BeposATHOCTH OBITH AKTUBHBIM,

K B3auMojiericTBrio ¢ muToxpomMom P450 2J2 (CYP2J2), npuuem HanOosnbluas
BEpPOSITHOCTh OBbITh AKTUBHBIMHU BBISIBJIEHA JUIsl COEIMHEHUW, COAEpKalIuX
autporpymmy (7, 8, 9, 10), a Hammenbmas — maIa THODEHCOIAEPIKAIIUX
coequHenuit (11, 16). Luroxpom P450 2J2, Oyayun nepcrneKTUBHOW MUIIEHbBIO
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Ui pa3pabOTKU JIEKAPCTBEHHBIX COCAMHEHMM, YYacTByeT B MeTaboan3Me
JIEKapCTB, SHJOTCHHBIX COCIUHEHUM, A TAaKXKE HWIPACT BAXKHEUIIYID POJb
B IPEBPAILICHUN apPAXUAOHOBOM KHCIIOTHI B SMTOKCUAWKO3ATPUEHOBYIO KHUCIIOTY.
CYP2J2 cBepxakcnpeccupyercs IpHu pa3InvHbIX BUIAX paka [S].

JIJ1s coeTMHEHUH, coieprKaluX OPOMIMKIONPOIIaHOBRIA PparmeHT (3, 6, 9)
ObLIM OmpeneNieHbl OOJbIINE 3HAYCHHS] BEPOSITHOCTEW OBITh AKTUBHBIMU TIO
OTHOIIICHHIO K pereTopy ¢akTopa pocta Backyysiporo suaotenus 3 (VEGFR-3)
u Kk peuentopy (akropa pocta tpombouutoB o (PDGFRA). VEGFR-3 —
pelenTop, UTPAIOIIUNA BaXKHEUIITYIO POJIb B IUM(aHTHOTe€HE3e, CBEPXIKCIIPECCHS
KOTOpOTro HaOMIoAaeTcss MNpU  pas3iudHbIX BUAaX paka. Jlumdanruorenes
B OIYXOJIH CIIOCOOCTBYET €€ POCTY U NEPEIBMKECHHUIO PAKOBBIX KJIETOK. Takum
o0pa3oM, Hu3KoMoJieKyJsipHbIe perysisatopbl VEGFR-3 MoryT ObITh 3 (heKTUBHBI
B oHKoTepanuu [6]. PDGFRA — Tupo3uHKHHA3HBIN pENENTOp, KOTOPBIA UTPAET
BAXHYIO POJib B mpodudepanuu, pocte U auddepeHnranuu KieTok. Takxke
OH BaXKCH ISl pOCTa OIyXOJIEHM W SIBISAECTCS MOTECHIMAIBLHOW TEPaNeBTUYECKON
MUIIEHBIO [7].

C nomomisto Mmoayiisi AdverPRED 6wt ocyiiiecTBiIeH MPOTHO3 MOOOYHOTO
JICUCTBUSI ~ CHHTE3UPOBAHHBIX  COCIMHEHUW HA  CEPACYHO-COCYIUCTYIO
U TeMaTOOMIMApHYIO CUCTeMY. Pe3ynbTaThl MpeACTaBICHBI B TaOIHIIE 2.

Tabnuna 2 — Pesynbratsl in SilicO mporHo3a moOoYHOro ASHCTBUS UCCIICTYEMbIX
coenuHenuii 1-16

CoeMHEeHHE \ BeposITHOCTh OBITh AKTHBHBIM \ BeposITHOCTh OBITh HCAKTHBHBIM
I'enaToTOKCMYHOCTh
14,13,12 0,350; 0,398; 0,440 0,300; 0,260; 0,230
1,2 0,571; 0,583 0,159; 0,153
3,15 0,637; 0,650 0,126; 0,120
4,11 0,694; 0,682 0,103; 0,107
5-10 0,711-0,773 0,070-0,099
Aput™mus
12, 13,15 0,393; 0,367; 0,370 0,191, 0,212; 0,215
1,2,3 14 0,403; 0,413; 0,416; 0,442 0,182; 0,175; 0,173; 0,154
4,5, 6 0,511, 0,514, 0,509 0,101, 0,098; 0,102
Cepnevnasi HEIOCTaTOYHOCTh
11 0,278 0,195
2,3 0,298; 0,305 0,176; 0,167
5,6, 15 0,312 0,160; 0,160; 0,159
12,13, 16 0,497, 0,499; 0,438 0,057; 0,056; 0,087
Wudapkr muokapaa
7,8,9, 10 0,315; 0,317; 0,294; 0,320 0,170; 0,166; 0,214, 0,163
12,13, 14 0,400; 0;399, 0;360 0,070; 0,071; 0,101
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Coenunenuss 1-14 moTeHIMaANBHO O00MAMAIOT TEMATOTOKCHUYHOCTBIO.
CrnenyeT OTMETUTh, UYTO BBEACHHUE CEPOCOACPKAIIMX 3aMECTUTENed B
ITUKJIOTIPOTTAIBHBIN 3aMECTUTEINIb CIOCOOCTBYET CHIYKEHUIO T€MaTOTOKCHYHOCTH.
CoenuHeHus, coiepKaIIre aTOMbI OpoMa B S-TIOJIOKSHUH WHIOJIBHOTO OUIINKIIA,
XapaKTePU3yIOTCS HAMOOJNBIICH BEPOSTHOCTHIO BO3HUKHOBEHHS APUTMHH
B KadecTBe mobouyHoro 3ddexra. Hutporpymnmna B S5-MOJOKEHUH HHIOJIBHOTO
OWIMKIIa W B OPTO-TIOJNIOKEHUU 3-(peHAIMIBHOTO 3aMECTUTENS, a TaKXKe
CepOCOJIepKAINE 3aMECTUTEIH Y IUKJIONPONUIBHOTO (parMeHTa MOTyT
MIPOBOIMPOBATh HHPAPKT MUOKap/1a B KauecTBe MoO0YHOTO A PekTa.

Taxum o0pazom, mpoBeacHHBIE IN SiliCO IPOTrHO3bI TO3BOJIIOT ONPEACTUTh
HaIpaBJICHUS IMOCICAYIOMUX IN Vitr0 wmcciaenoBaHUil COCIMHEHUN W BBISBHUTH
KOPpEJSILIUA ~ «CTPYKTypa — CBOMCTBO» JUIsl JalibHEeWIIed MoAu(pUKALIH
CTPYKTYpPBl COCIMHCHHA C TICJNBI0 YJIYUIICHUS TEPACBTHUYCCKUX CBOWCTB
Y CHOKCHUS] TOKCUIHOCTH.

CIIMCOK MCIOJb30BAHHON JIUTEPATYPbI
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BJIUAHUE [IBYX BUOIIPEITAPATOB B KAYECTBE
IHOYBEHHBIX TOBABOK HA ®PUTOTOKCUYHOCTD ITIOYBbI
B YCJIOBUAX CBUHIHOBOI'O 3AI'PA3HEHUA

Caunern (Pb) npuBiek 3HaunTEIbHOE BHUMAHUE HAYYHBIX HMCCIEIOBAHUIM
BO BCeM Mupe Omnarojmapss CBOEW BBICOKOM TOKCHYHOCTH, CTOMKOCTH
1 TOCTYynHOCTH [ 1]. BeicOKre ypOBHH CBMHIIA B CEIIBCKOXO35MCTBEHHBIX TOYBAX
YIPOXKAIOT 3KOCHCTEMAaM M 3JI0POBBIO KUBBIX OpraHu3MoB. BcienctBue 3Toro
NOMCK TyTel BOCCTAHOBJICHUS 3arpsA3HEHHBIX IIOYB SBJISIETCS BaXKHBIM
HaIllpaBJICHUEM HAy4HBIX HWCCIEAOBaHMM. PekynabTUBaLUUs 3arpsi3HEHHBIX
YYaCTKOB OOBIYHO BKJIIOYAET (PU3MUECKOE YAAICHHUE 3arps3HSIOIMX BEIIECTB,
YTO SIBJSIETCSI HE TOJIBKO JOPOTOCTOSIIIMM U HECHEIU(PUUYECKUM IPOLIECCOM,
HO M 4YacTO JeNaeT MOYBY HENPUTIOJHOW I CEIbCKOro Xo3siicTBa. Takum
o0pa3oM, MOSBUIACH HEOOXOIMMOCTb HCIIOJIb30BAHUSA 0o0Jiee 3KOJOTUYHBIX
CHOCOOOB CHM)KEHHSI TOKCHMYHOCTH IIOYB, TaKUX Kak (urocTaOuiamnszanus,
¢uTopemennanus 1 GuTopuUIbTPALUS JJIs1 OUUCTKH 3arpsI3HEHHBIX YYaCTKOB [2].
bbu10 omnpeneneHo, 4To Kak >kKMBasi, Tak U MepTBas OakTepuanbHas [3] u rpubHast
[4; 5] Guomacca oOmagacT 3HAYMTEILHBIMU CIIOCOOHOCTSIMHM K ITOTJIOMIECHHUIO Pb,
B CBS3M C YEM HaMM CJieJlaHa TMIONbITKAa HCIOJIb30BaHUs OHOIpenapaToB
IS CHHPKEHMSI TOKCHYHOCTH MOYBEI, 00YCIOBJIEHHOM IIpUcyTcTBUEM Pb?*,

B kauecTBe MOYBEHHBIX J100ABOK MCMOJIB30BAIM JIPOXIKEBOW Mpernapar
«PoctmMOMeHT» W cyOcTpaT AJid MOYB HAa OCHOBE II€0JIMTA, OOOrallleHHOIO
Kommo3uiued rpudos poxa Trichoderma sp., «Profit tpuxonepmar. IIpenapatsr
TOTOBUJIM COTJIACHO MpUJIaraéMoll K HUM MHCTPYKUMU B BapUaHTE ISl MOJMBA
pacrenuil. Cojiep’)kaHue JICMCTBYIOLIETO BEHIECTBA B  MPUTOTOBJICHHBIX
npenapaTtax NpUHUMaIU 3a pekomeHayemyo a03y (1,0). Takxke ucnonb3oBaiu
CHIKEHHYIO M TIOBBIIIIEHHYIO J03Y MpenaparoB oT pekoMmenayemoit (0,5 u 1,5).

st onieHku 3(h(HEKTUBHOCTH TMOYBEHHBIX JOOABOK B KAaueCTBE MPOTEK-
TOPOB TNPHU CBUHUOBOM 3arpsi3HEHHWH HCIIOJIB30BAJIACH I10YBA, OTHOCSILASACS
K arpo3emy KyJbTYpHOMY, 3arpsi3HeHHas CBUHLIOBOM 30i10i1 (5 % mo macce).
B kadecTBe TeCT-KyJIBTYpBI UCIIOJIb30BaH Kpecc-canar (Lepidium sativum L.).

Hagecky 3arpsiznennoit moussl (100 r) momeniaiy B MIaCTUKOBBIE EMKOCTH
(xroBeThl) pazmepoM 22 x 15 x 5 cm. K HaBecke NMpUIMBaIM COOTBETCTBYIOIINN
pPacTBOP WJIK OTCTOSIBIIYIOCS BOAOMPOBOIHYIO BOY AJis POPMUPOBAHUS PABHOI
YBIIQXKHEHHOCTH 00pa31ioB. Ha moBepXHOCTh MOYBEHHOM IMJIACTUHKU TOMEIIAIH
cio (UIBTPOBAILHOW OyMar W paBHOMEPHO pacHpeiessuii CeMeHa TecCT-
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KyJIbTYpbI B KonnuecTBe S0 mwt. [1o ncredenun Tpex CyToK ONPEAETsIIA SHEPTUIO
npopactanus (nanee — JII) cemsiH, yepe3 MATh CYTOK OMPEAEISUIM BCXOXKECTh
(mamee — BC). Ha 5-e cyTkn y IpOpOCTKOB ONPEISISUIA CPEAHIOI0 JITTHHY  MacCy
KOpHel (Kop) u cTebeit (CT), a Takke cpeaHior maccy 1 Mm kopHed (M 1 mm).

B pesynbpraTe npoBeneHHON paOOThl OBUIO BBISIBICHO, YTO MPUMEHEHUE
npoxokeBoro mpemnapata «PoctMoment» (manee — PM) cmocoOctBoBalio
CTUMYJIUPOBAHUIO POCTOBBIX MPOIIECCOB B OTHOIIEHUH MPOPOCTKOB Kpecc-
canmara. Jluime MuUHUMAaNIbHAs /1032 JPOAGKEBOTO Ipernapara OKas3blBasa
UHTHOUpYIOlee BIUSHUE HA pocT crebns B mauHy (—12,2 %) (pucynok 1).
YBenuuenue 10361 PM cTUMYIIHpOBaio poCTOBbIE XapaKTEPUCTUKH KaK cTeOs,
Tak ¥ KopHs. Tak, y)ke Mpu BHECEHHMHM PEKOMEHIyeMO#l 03bl pacTBopa PM
OTMEUYEHO HE3HAYMTEIHHOE MPEBBIIICHUE CPeIHEN MITUHBI CTeOs Kpecc-canaTta
B CPAaBHEHMH C 3arpsI3HEHHBIM KOHTPOJIEM, a B BapuaHTe 1,5 PM stoT nokazarens
IpEeBBIIIAI JTUHY cTebsel B konTpoie — +4,9 %.

40 15 13,15 11,89
9,81
30 © 10 7,57
220 g
S 8,23 5 ° 1,54
£10 285066 491" a ’
o 2,11 ’ T 0 |
; 0 — 1 |_| S
+ :
-10 -5
20 1220 10 6,45
Pb 0,5PM Pb 1PM Pb 1,5PM Pb 0,5Pr Pb 1Pr Pb 1,5Pr
ocr OKop OCr OKop
Pocmmomenm Profit

Pucynox 1 — 3menenue mopdomMeTpruieckux mokasareseil Kpecc-canara
B YCJIOBUSIX CBUHIIOBOTO 3arpsi3HEHUS MPU MPUMEHEHUU TTOYBEHHBIX JO00ABOK

[TonoxxurenbHOE BIMSHUE OPOACGKEBOIO Mpenapara Ha MoKas3aresb JJINHBI
KOpHs ObLI ewie 0osee BoIpaKeHHBIM. Tak, y’ke B MUHUMAaJIbHOM 103€ OTMEUEHO
HE3HAUNUTEJIbHOE INOBBIIICHUE JJIMHBI KOPHS OTHOCHUTEIBHO 3arpsi3HEHHOIO
CBUHIIOM KOHTpoJis (+2,1 %). bosiee BricOkME 103bI TIpenapara crnocoOCTBOBAIN
YBEJIMYECHHUIO JJIMHBI KOPHS B CpaBHEHUMM C KOHTpoiem Ha 6,7 u 82 %
B BapuanTax 1PM u 1,5PM cooTBeTCTBEHHO.

Bnusnue mouBeHHor moOaBku «Profit Tpuxomepma» (mamee — Tr)
Ha MopdoMeTpuUecKue MmoKa3aTesid Kpecc-cajgaTa OblIo 00Jiee HEOTHO3HAYHBIM,
OJIHAKO HCIIOJIb30BaHUE OHoOIpenapaTa Ha OCHOBE IIE€0JIMTA B LEJIOM HEUTpau-
30BAJI0 TOKCHUYHOE JEHWCTBHE HOHOB CBHMHIIA HAa NPOPOCTKU TECT-KYJbTYPHI,
BCJIEICTBHE YET0 CPEHss JUIMHA cTe0el Obliia BhIllIe TAKOBOM B 3arpsi3HEHHOM
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koHTpousie. [lonoxxkurenpHoe AeiicTBre Ouompenapara paclpoCTpaHsIIOCh U Ha
NOKa3aTellb JJIMHBI KOPHEW TeCT-KynbTyphl. Tak, yxke npu qo3ze npenapata 0,5 Tr
MBI OTMEUajH MPEBBIIICHUE CPEAHEeH TIMHBI KOopHEeH Ha 7,6 % OTHOCHUTENBHO
3arpsi3HeHHOro KOoHTpoJisi. [loBbimenue mo3bl 10 1 Tr crocoOcTBOBaNO yBEIU-
YEHUIO CpeaHel qiuHbl KopHel 1o +13,2 %. B ycnoBusx BapuanTa 1,5 Tr cpen-
HSl IJIMHA KOPHSI HEOKUIAHHO CHMKAJIACh HE TOJIBKO B CPABHEHUM C JAPYTUMU
BapUaHTaMU C JAHHBIM IIPEMAPATOM, HO U OTHOCHUTEIIBHO 3arPsI3HEHHOTO KOHTPOJIS.

CBUHIIOBOE 3arps3HEHUE CIIOCOOCTBOBAJIO CHJIBHOMY HWHTHOMPOBAHUIO
MPOIIECCOB MpopacTaHusa cemsiH. [Ipu 3TOM ecin [0Js MPOPOCHIUX CEMSH Ha
3-ii neHb onbiTa coctaBuiia 72 %, To K S-My THIO OTMEYEHO MaCCOBOE OTMHUPAHUE
IIPOPOCTKOB TECT-KYJbTYpbl. TakuMm 00pa3oM, MOKa3aTellb BCXOXKECTU Kpecc-
cajata B YCJIOBHUSIX CBHHIIOBOIO 3arpsi3HeHHs cocTaBui Becero 46 %, uto cBuje-
TEJIBCTBYET O 3HAYUTEIbHON TOKCUYHOCTH CBUHLIOBOM 30JIbI JJI TECT-00BEKTA.

B pesynbpraTre mpoBeneHMs OMNbITa OBLIO BBISIBIEHO, YTO JIPOKKEBON
npenapar o0Jajal  BBIPAXKEHHBIM CTUMYJHPYIOUIMM  BO3JCHCTBHEM HA
CIIOCOOHOCTh CEMSIH Kpecc-cajlaTa K MHpOpacTaHUIO0 B YCIOBHUSAX CBHUHIIOBOTO
3arps3HeHus 1noyB. Tak, Ha 3-i IeHb OMbITA B BAPUAHTE C MUHUMAJIbHOW 10301
PM oTMedeHO NOBBINIEHUE JOJM MTPOPOCIIMX ceMsiH Oojee ueMm Ha 5,5 %
OTHOCHUTEJILHO 3arpsi3HEHHOT0 KOHTPOJIS (PUCYHOK 2).
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PucyHok 2 — MI3MeHeHne NOCEBHBIX KaYECTB CEMSIH Kpecc-canaTa B yCIOBHUAX
CBMHLIOBOT'O 3arpsi3HEHUSI PU TPUMEHEHUHU TTOUBEHHBIX 100aBOK

[ToBbImIeHHE T03BI 0 PEKOMEHIyEMOUM COMIPOBOXKAAIOCH M TMTOBHITIICHUEM
nokazarens OI1 o 88 % (+22,7 % k KOHTPOJI0), YTO OBLIO HAHOOJIee BHICOKUM
MOKa3aTesieM CPeI BCEeX MPEACTaBICHHBIX BAPUAHTOB B OMbITE. MakcuMalibHas
no3a mpenapara (1,5 PM) taxke oOnamana crumynupyronmMm 3dQexTom
B OTHOIIEeHUU TokazaTenss DI, oMHaKo KOJIWYECTBO MPOPOCIINX CEMSH 371eCh
B cpaBHeHHH ¢ BapuaHToM | PM Obio moutu Ha 7 % Hmke. [lonoxkurensHoe
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BIIMSIHUE JIPOKKEBOTO MperaparTa Ha BCXOKECTh CEMSIH Kpecc-caliaTa ObLJIo OUYEHb
cyuiectBeHHbIM. Tak, B Bapuantax 0,5 PM u 1,5 PM 3nauenus 3Toro nokasaress
obun Hanbosiee BbICOKUMH — 90 u 88 %, uTO B CBOIO OYepeap OBLJIO BBIIIE
3HaueHu B koHTpoje Ha 95,7 u 91,3 % coorBercTBeHHO. Takum oOpasowm,
B OTHOIICHHUH TTOKA3aTesl BCXOXKECTH LIeJIECO00pa3HO UCII0JIb30BaHUE MTpenapara
«PocTMOMEHTY.

Bhecenne B 3arps3HEHHYI0 CBHUHIIOM [IOYBY MHUHUMAJIbHOM 103bI
ouomnpenapara Profit cmocoOCTBOBaIO yBEIMYEHHUIO JIOJM MPOPOCHIMX CEMSH
Ha 3-i1 JeHb B CpaBHEHHM C KOHTposieM Ha 16,7 %. Crnenyer OTMETUTh, UTO
B JIAHHOM BapHaHTe 3auKCUpoBaHa U HaubobIIas (cpeau BapuaHToB ¢ Tr) noss
NPOPOCIINX Ha 5-U JeHb CeMsH TeCT-KynbTyphl — 82 % (+78,3 % oTHOCHUTENHHO
KOHTpoJIs1). BHeceHue B mouBy OoJiee BBICOKMX J03 IMpernapara Mpu 3TOM
CIIOCOOCTBOBAJIO CHUKEHHUIO CIIOCOOHOCTH CEMSIH K IPOPACTaHUIO (PUCYHOK 2).
Takum o00pa3oM, B OTHOIICHUU T[OKAa3aTeJe TMOCEBHBIX KAayeCTB CEMSH
B YCIOBHUSIX CBHHIIOBOIO 3arps3HEHUs 1eJ1ecO00pa3HO  HCIOJIb30BAHUE
B KauecTBe MOYBEHHOM 100aBku npemnapata Profit B mo3e 0,5 Tr.

JleiicTBue TOYBEHHBIX J00ABOK B OTHOIICHWM TMOKa3aTejel OnomMacchbl
MIPOPOCTKOB Kpecc-canara Obuio cxoxuM. Tak, u «PoctmomenTt», u Profit
B MUHUMAJILHOM J103€ MHTUOUPOBAIIA MPUPOCT OMOMACChl MPOPOCTKOB. [1pu aTOM
CpedHsisi Macca Kak HaJ3€MHOM, TaK M TOA3EMHOM YacTH pacTEeHUU
IIPY UCIIOJIb30BAaHUU APOAOGKEBOTO IIpernapaTta B MUHUMAIBLHOM /103€ Oblla HUXE,
YeM B BapUaHTE C TOM jke KOHIIeHTpaluen mpenapara Profit (pucyHok 3).
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Pucynok 3 — MI3mMeHeHne Macchl IPOPOCTKOB KPECC-caaTa B YCIOBUAX
CBMHILIOBOT'O 3arpsiI3HEHUSI IPU TPUMEHEHUU TTOUBEHHBIX 100aBOK

Buecenne B mouBy Oojiee BBICOKOM [103bI JPOXKKEBOTO Ipernapara
CrocoOCTBOBAJIO 3HAYUTEIBLHOMY POCTY Macchl cTedsst (+23 %) u ocobeHHO
kopHs (+112,8 %), yTo y>ke ObuIO BhIlIE 3HAaUeHUI B KOoHTpoje Ha 7,3 u 30,5 %



64

COOTBETCTBEHHO. JlanmpHellee MOBBIIEHUE 03Bl JPOXIKEBOrO Ipenapara
CYIIIECTBEHHOT'O U3MEHEHUS Ha MOKa3aTesb CPeHENH MacChl HU KOPHSI, HU CTEOJIs
HE OKa3bIBAJIO.

[Ipumenenue npemnapata Profit B pekoMeHayeMoil MPOU3BOAUTENIEM J03€
CIoco0CTBOBAIO (HOPMUPOBAHKUIO OMOMACCHI MMPOPOCTKOB, JIUIIb COMOCTABUMOM
C TaKkOBOM B 3arpsi3HEHHOM KoHTpoJie. OJHAKO BHECEHHE B MOYBY Hambosee
BbICOKOM J103b1 (1,5 Tr) oka3pIBajio 3HAYMMBIH CTUMYyJIUpyrOnmid 3ddekT
Ha Maccy kopHs (+5,4 %) u cTebns (+22,1 %) B cpaBHEeHUHU ¢ KOHTposeM. Taxxke
CJIelyeT OTMETUTh YBEJIMUEHHUE TT0Ka3arelisi Macchl 1 MM kopHs. Takum o0pazom,
oTMe4YeHO (opmupoBaHue ©Oolee MOIIHBIX M 370POBBIX KOpHEH IMpH
UCIIOJIb30BAaHUU 00Jiee BBICOKMX [103 TIOYBEHHBIX J00AaBOK B YCIOBUSX
CBHHIIOBOTO 3arpsi3HeHus. Tak, B Bapuantax [,5PM m 1,5 Tr aror mokasarens
npeBbilan 3HayeHuss B KoHtposie Ha 20,7 u 12,7 % cOOTBETCTBEHHO, YTO
MO3BOJISIET PEKOMEHI0BATh MCIOJb30BAHUE JAHHBIX MPENapaToOB B ATUX J03aX
JUTSL CHYDKEHHST (PUTOTOKCHUYHOCTH TIOYB, BEI3BAHHOM CBUHIIOBBIM 3arpsSi3HEHUEM.

Takum o00Opa3oM, MOKa3aHO HEOAHO3HAYHOE, HO MPEUMYLIECTBEHHO
MOJIOKUTEIIBHOE BIMSHUE HCCIEJOBAaHHBIX OHOMpernapaToB B  KauecTBE
MOYBEHHBIX TOOABOK Ha MOKA3aTeNId TECT-KyJIbTYyphl HA PaHHEM 3Tare Pa3BUTHUS
B YCJIOBUSIX CBHHIIOBOTO 3arpsi3HEHUS.

Hccneoosanue ewvinonneno 6 pamxax HHUP «Oyenka 2ymycosozo
COCMOAHUA U OUOJIO2UHECKOU AKMUBHOCMU NOY8 YPOAHUBUPOBAHHLIX Meppu-
Mopuil ¢ pa3udHol mexro2eHHou Hazpyskouy (Ne I'P 20211453 om 20.05.2021).

CIIMCOK HCIIOJBb30BAHHON JTUTEPATYPbI

1. Metal contamination and bioremediation of agricultural soils for food
safety and sustainability. Nature Rev / D. Hou, D. O’Connor, A. D. Igalavithana
[et al.] // Nature Reviews Earth & Environment. — 2020. — Nr. 1. — P. 366-38L1.

2. Wuana, R. A. Heavy Metals in Contaminated Soils : A Review of
Sources, Chemistry, Risks and Best Available Strategies for Remediation /
R. A. Wuana, F. E. Okieimen // ISRN Ecology. — 2011. — V. 2011, iss. 1. — P. 1-20.

3. Li, M. Heavy metal removal by biomineralization of urease producing
bacteria isolated from soil / M. Li, X.Cheng, H.Guo // International
Biodeterioration and Biodegradation. — 2013. — Vol. 76, nr. 1. — P. 81-85.

4. Removal of Pb?" ions from contaminated solutions by microbial
composite: combined action of a soilborne fungus Mucor plumbeus and alunite
matrix / T.Akar, S.Celik, A.G. Ari,S.T. Akar // Chemical Engineering
Journal. — 2013. — Vol. 215-216. — P. 626-634.

5. Lee, S. W. Chromosomal locus for cadmium resistance in Pseudomonas
putida consisting of a cadmium-transporting ATPase and a MerR family response
requlator / S.W. Lee, E.Glickmann, D.A.Cooksey // Applied and
Environmental Microbiology. — 2001. — Vol. 67. — P. 1437-1444,

K conep:xanuio




65
VIIK 574.587(28)

A. A. 10POHIYK
benapycs, bpect, bpl'Y umenu A. C. Ilymikuna

AHAJIMTUYECKOE UCCJIEAJOBAHUE COAEPKAHUA
HE3UA-137 B PAIMOAKTUBHBIX ADPO30JISAX I'. IMHCKA
3A IIEPUO/ 20202024 IT'.

AKTYaJIbHOCThb. AJMUHHCTPATHUBHBIE palioHBl bemapycu UMEIOT
HACEJICHHBIE ITYHKTBI, KOTOPBIE MOABEPTIINCH 3HAYUTEIBHOMY PaJUOAKTUBHOMY
3arpsasHeHn0. OOHMM W3 Takux paioHOB sBisieTcs [IuHckui. Pe3ynbraTs
PaIAAMOHHOTO KOHTPOJIA JUKOPACTYIIMX JOapoB jeca B I[IMHCKOM palioHe
ITOKA3bIBAIOT NPEBBIIIEHUE TONMYCTUMBIX HOpPM Le3usA-137, KOTOpBIM NOTJIO-
IaeTcsl pacTeHWsIMH W3 NO4YBbL. l[le3mii-137 sgBmgeTcs OAHUM W3 TJIABHBIX
KOMIIOHEHTOB  TE€XHOT€HHOTO PaJMOAaKTHUBHOIO 3arpsi3HeHUs Ouocdepsl.
[IpuunHamu 3arpsi3HEHUs 1e3ueM-137  SIBISAIOTCA aBapud Ha aTOMHBIX
AJIEKTPOCTAHLUAX. BBIAENAIOT 3arpsA3HEHNs 4YepHOOBUIBCKOIO U HEUYEPHOOBLIb-
ckoro mnpoucxoxzacHus. [locne B3ppiBa Ha @PykKycuMe Ha BCeX IyHKTax
HaOMIOICHU OBUIO 3a(UKCHUPOBAHO HE3HAUYMTENILHOE yBEJIWYeHHUE me3usi-137.
[Tpubopsl MOHUTOPUHTA 3aUKCUPOBATIN YBEIUUYCHHE (DOHA U BO BPEMSI MOKAPOB
Ha 4YepHOOBUIbCKOUN Tepputopuu. [lpuunHamu 3arpsi3HEHHsS] a’dpO30JieH TaKxKe
SBJITFOTCSI COPOCHI 3aBOJIOB, KOTOPBIE TiepepadaThiBatoT siaepHbie oTxoabl ADC,
BBIOPOCHI HA AaTOMHBIX MOJBOAHBIX JIOJIKaX, MCIBITAHUS PAKET C SAJIEPHOU
DHEPreTUYECKON YCTaHOBKOM.

He3nii-137 sABnsieTcs MNPOAYKTOM JEJIIEHWS YpaHa W IPEACTaBISIET
HauOOJIbIIIEE HETATUBHOE BO3/ICHCTBUE HA OpPraHU3M 4YesoBeka. JloirocpouHas
OMAacHOCTh 1e3us-137 cBsizaHa C €ro JIMTEIbHBIM MEPHOIOM IMOJypacraia,
coctapisitonuM 30 sjer. OCHOBHast €ro JoJisi HAaXOOUTCS B BEPXHEM
KOpHeoOuTaeMoM ciioe MouBhl. [loTpeliisist 3arpsi3HEHHbIE MPOAYKTHI MUTAHMUS,
YeJIOBEK IMOJIydaeT J03y OOJyueHUs M HakaluiMBaeT Le3uii-137 B opraHusme.
["amma-u3ayueHue omacHO MJisi 4esloBeKa: B OOJBIIMX J03aX OHO IMPUBOIMT
K JTy4eBO 00JIE3HU, OHKOJIOTUHU U BHI3BIBAET MYTAIIHH.

Heab — ocymiecTBUTh MOHHUTOPUHT JIUHAMUKH BBIOPOCOB 11e3usi-137
(Cs-137) B adpo3omsx mpu3eMHOro ciios armocdepst I. [Tuacka 3a 2020-2024 rr.

Martepuanbl M Meroabl. B KayecTBe MarepualioB UCCIEI0BAHUSA
UCIOJI30BAIMCH JIaHHbIE ['ocynapcTBeHHOTO yupexaeHus «PecmyOnukaHckuii
LEHTP MO TUAPOMETEOPOJIOTUH, KOHTPOJIKO PAJUOAKTUBHOIO 3arps3HEHUs
¥ MOHHUTOPHUHIY OKpy:Xatouieil cpeasl» Munnpuponasl PecnyOnuku benapych
3a 2020-2024 rr. MeToabl — aHaJIU3 U CTaTUCTUUYECKass 00paboTKa TaHHBIX.
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Pesyabrarbl ucciaenoBanuil. s €XEOHEBHOTO W3MEPEHHUS PAJHUO-
aKTUBHBIX a’p030Jiel B IPU3EMHOM cjioe aTMocdepsl B I. [IuHCKe ucnonpiyercs
NYHKT HaOJIo/IeHusl, 000pYI0BaHHBINH (PHIBTPOBEHTUISIIIMOHHON yCTaHOBKOM.
C ee moMoIIpI0 NPOKAYMBAIOT OOJbIIME O0BEMBI BO3JyXa 4epe3 (QuibTp,
cocTosAuMii u3 Tkanu IleTpsiHOBa, KOTOPYIO 3aTEM BHIHUMAIOT U B JIA0OPATOPHBIX
YCIIOBUSIX U3MEPSIOT cosepkanue ne3usi-137. Conepxkanue uesus-137 B ronoBoi
npobe a’po3oieil B mpu3eMHOM ciioe atMocdepsl B I. [IMHCKe mpencTaBiieHO
B Tabmmie [1].

Tabmuna — Coaeprxanue ne3us-137 B rogoBoi npoode aspozosneii B 2020-2024 rr.,
3auKCHUpOBaHHOE (PUIHTPOBEHTUIISIIMOHHON ycTaHOBKOM T. [TMHCKa

HaumeHnoBanue MaxkcruMaabHOE CPEIHEr0I0BOE 3HAUCHHE,
[oKa3aTeis x107° bx/m®
2020 r. 2021 r. 2022 r. 2023 r. 2024 r.
e3uii-137
(Cs-137) 0,86 1,03 0,72 0,70 0,66

AHanM3 pe3ynbTaTOB M3MEpeHUs Le3usA-137 mokasan, 4YTO 3a BECh
aHAIM3UPYEMbIN TEpUOJ1 JaHHBIN MOKa3aTellb B MPoOe a’dpo30Jeit B MPU3EMHOM
cinoe armocdepsl T. [IMHCKAa COOTBETCTBOBAJ YCTAHOBUBIIUMCS CPEIHUM
MHOTOJIETHUM 3HAUYE€HUSIM, YTO CBUIETEIILCTBYET O CTA0OMILHOCTH PaIalliOHHOM
obcraHoBku (Tabmmma). C 2021 r. HaOMIOMAeTCs €XKEroJHOE CHHIKECHHE
coAepkaHus maHHoro rmokazatens. B 2024 r. coxepxanue 1e3usi-137 B
npu3zeMHOM ciioe armocepsr coctaBuno 0,66 x 107 Bbx/m3, uyto sBiIsercs
HanOoJiee HU3KUM TTOKa3aTesIeM 3a BECh MepUo;] HaOII0IeHN (PUCYHOK).

MakcuMalIbHOE CPETHETOJOBOE 3HAYEHUE
Cs-137, X107 bx/m?

2020 rox
2021 roxg
2022 rox

2023 ron
=2024 rox

Pucynok — Conepxanue Cs-137 3a 2020-2024 rr.
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[lepuonpl ¢ MOBBILIEHHBIMU YPOBHSMU cojepxkaHus uesus-137 B npodax
a’po30Jiei ObUTM KPATKOBPEMEHHBIMH M HE OKa3bIBaJIM HETaTUBHOTO BIIUSHUSA
Ha paaualMoOHHYI0 OOCTAaHOBKY OKpyXKaromei cpeapl. B ampeme 2020 r.
HaO0JIIOIAJIOCh YBEIMYEHUE CPEAHEMECSYHOTO cojepKaHus 1e3us-137 B npobe
asposoner. Ilokasarens cocraBun 1,51 x 10°  Bk/M?, dTo  CBSI3aHO
C BO3HMKHOBEHHUEM JIECHBIX MOXKapoB B YepHOOBUILCKOW 30HE OTYYKIEHUS
1 BeTpeHou noroaoi. Kpome noxapos, Korja B pe3yJibTaTe rOpeHUs IPEBECUHBI
BbIOpachiBaeTcss B aTMoc(epy HaKOIJIEHHBIM el 1ne3uii-137, mnpuyuHaMu
3arpsi3HEHHUs] MOTYT OBbITh TOPU3OHTAJILHBIE MHIPAIlMU MPU BETPOBOU IPO3UU
nouBbl. B 2021-2024 r1r. KpymHBIX TI0XKapOB, CIIOCOOHBIX IIPUBECTH
K TOBBIINICHUIO ypoBHs me3us-137, He 3adukcupoBano. [luHCKOMY paiioHy
IIPUCYIIE U BEPTUKAIBHOE MUTPALIMOHHOE 3arpsA3HEHHE Le3ueM-137, cBs3aHHOe
C TeM, 4YTO OoJiblllas 4acTh palioHa HaxoAWTCAs B TpaHunax IlpumnsTckoro
[Tonmechsi. BeptukanbHas murpanusa nesus-137 cBsizaHa ¢ NIEPEHOCOM HYKJIUIA
TOKaMU BOJBl M  BBIHOCOM  3arpsi3HSIONIETO  BEIIECTBA  PACTCHUSMHU
13 KOPHEOOMTAeMOro Cjosl MOYBbl B HA3eMHYIO 4yacTh pacteHuil. Haumbosee
HU3KUW TIOKa3aTellb CPEIHEMECSYHOro cojepxaHus 1e3us-137 B mpobde
a’po30Jiell MPU3EMHOTro cliosi atMochepbl B  aHAIM3UPYEMOM  IEPUOJIE
sapukcuposan B wurone 2024 r. Ilokasarens cocraBun 0,24 x 10° Br/m>.
[IpeBbllieHHT KOHTPOJILHOTO YpPOBHA CyMMapHOW OeTa-aKTUBHOCTU IS
adpososieil mpuszemuoro cuosi armocdepsr (3700 x 10° Br/M?) B Iluncke
3a aHAJIM3UPYEMBIN Mepro/1 He 3aUKCUPOBAHO.

3akuawyvenune. B xone aHanmuza coxepxanus 1e3us-137 B aspo30iisix
npu3zeMHoro ciosi atmocdeps! r. [Inuncka 3a 2020-2024 rr. yCTaHOBJIEHO, YTO
€ro YPOBEHb HE SIBJISIETCS MOCTOSIHHBIM, HA0II0/1a€TCsI TOJIOKUTENbHAS TUHAMUKA
CHIDKEHUd. B 1einom ypoBeHb 1e3usd-137 B aHanmu3upyeMoM MEPHUOJE
COOTBETCTBOBAJI YCTAHOBUBIIMMCS IS KOHKPETHOTO IYHKTa HaOIIOAeHUN
MHOTOJICTHUM 3HAQ4Y€HUSIM W ObUI 3HAYUTENIbHO HMXKE YPOBHSI, IPU KOTOPOM
HEOOXOMMO OO0eCIleueHUe paJUualMOHHON O€30MacHOCTU. DTO TI03BOJISET
C/IeNIaTh BBIBOJI, UTO OOIIEe COCTOSTHUE adPO30JIei MPU3EMHOTO CJI0S aTMOC(hEphI
M0 COJIEPKaHmIO 11e3us-137 1ocTaToyHO GIaronoIy4Hoe.

CIIMCOK UCITOJIb30BAHHOM JINTEPATYPHI
1. Harmonanbubiit ipaBoBori MuTepHeT-noptan Pecnyonuku benapycs :
[caiiT]. — Munck, 2003-2025. — URL: http://www.pravo.by (mara oOpaiieHus:
10.01.2025).
K coaep:kanuio
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H. 1. IPO31OBA
benapyce, ['omens, I'TY umenn ®. CkopuHbl

AHAJIM3 AHUOHHOI'O COCTABA BO/J{
HEINEHTPAJIM30BAHHOI'O BOAOCHABKEHUA

B HACEJIEHHBIX ITYHKTAX B PAMOHE PASMEIIIEHUA
IHOJIUI'OHA TBEPJAbBIX KOMMYHAJIBHBIX OTXOA0B
I'. TOMEJIA

B Hacrosiiee BpeMs ocTaeTcs akTyaldbHOM MpobsiemMa oOecreyeHus
IIATHEBOM BOJOM  COOTBETCTBYIOIIETO KAau4eCTBA HACEJIEHHBIX ITyHKTOB
C HEUEHTPAJIU30BaHHBIM BOJOCHA0XKEHUEM. 3HAHUS O COCTOSIHUM MOJ3EMHBIX
BOJ HEOOXOOUMBI IJIs HM3Y4YEHHUS NpoueccoB (HOPMHUPOBAHMUS HMX KadyecTBa
B ECTECTBEHHBIX M CJIA0OHApYIIEHHBIX YCIOBUAX, JUIsl aHajlu3a TEeKyIIeu
CUTyalldd W BBISIBJICHUS BO3MOKHBIX HEraTUBHBIX W3MEHEHHUM B IMOA3EMHBIX
BOJIaX HAa TEPPUTOPUSX, UCIBITHIBAIOUIMX AaHTPONOTEeHHYI0 Harpy3ky. Ocolyro
aKTyaJIbHOCTh JAaHHBIC HCCJIENIOBAaHUS NMPUOOPETAIOT B HACEJIEHHBIX IyHKTaXx,
JMILIEHHBIX LEHTPATU30BAaHHOW CHCTEMbl BOJOCHAOXKEHUS W HaXOJSAIIMXCS
B 30HE NOTEHUUAIbHOIO BIUSHUS Pa3IMYHBIX OOBEKTOB XO35AHCTBOBAHMS,
r7le MOJA3EMHbIE BOJABI HEIrNTyOOKOTO 3ajJieraHus HCIOJIb3YIOTCS HACEJICHUEM
JUISL XO3SIICTBEHHO-ITUTHEBOT'O BOJOCHA0XKEHNS.

OCHOBHBIE MCTOYHMKH 3arpsi3HEHUS BOJ IIAXTHBIX KOJIOAUEB MOKHO
pa3eNUTh Ha JIBE TPYIIIBL: 3arps3HEHNS, CBS3aAHHBIE C IESITENBHOCTBIO YEJIOBEKA
M HENPAaBWIBHOM DJKCIUTyaTalMEW KOJOIALA, M 3arpsA3HEHUsT €CTECTBEHHOTO
NPOUCXOXKJEeHUA. YacTol NpPUYMHON  3arpsi3HEHUS  SIBISIIOTCA  OJU3KOE
PACIIOJIOKEHUE JKUBOTHOBOJUECKUX KOMIUIEKCOB; HE3AUIUIIEHHOCTh BEPXHUX
BOJOHOCHBIX TOPH30HTOB; AKTUBHOE BEIEHHUE  CEJIbCKOIO  XO3SMCTBA
C HCIIOJIb30BAHMEM OPraHMYECKUX M MUHEPANBHBIX YIOOpeHMi; OJn3Koe
pacrojoXkeH’e K KOJIOALAM XO3SHCTBEHHBIX IMOCTPOEK (capaeB, BBIIPEOHBIX
TyaJIeTOB); BIIUSHUE IOJIMTOHOB TBEPJBIX KOMMYHAJIbHBIX OTXOAOB (Hajiee —
TKO) u nosneii punbrparuu.

[Mlupokuii CHeKTp XUMHUYECKUX COCIUHEHUH, oO0pasyloumxcs Ha
nojauronax TKO, MoxkeT oka3biBaTh BIUSHHUE HAa BCE KOMIOHEHTHI MPUPOTHOU
Cpeabl, B TOM YHCJIE U Ha COCTaB MOJA3EMHBIX BOA. KaXaplii MOJUTOH UMEET
Pa3IMYHYI0 JNAIBHOCTHh JEUCTBUSA, KOTOpas MOXKET HM3MEHATHCS C TEUYCHHEM
BPEMEHHU M 3aBUCHUT OT T'HJIPOTEOJOTHUYECKUX YCIOBHWM Pa3MEIICHUS MOJUIOHA
n xapakrepa 3arpsizHeHus. llomuron TKO r. 'omenss pacnosiokeH B 4 Km
K foro-3anaay ot r. 'omens. Ha rore moimros rpaHuyuT ¢ NOJAMUA QUITBTPALIMH
TOPOACKHX OYHUCTHBIX coopyxeHui. [lomuron skcrumyarupyercss ¢ 1968 r.
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MomHocTs nomurona cocrtasuser 870 Teic. M3/rox  (MONUTOH  BBICOKOM
MOIITHOCTH). DKCIUTyaTalusl MOJUWIroOHAa Hadauach J0 MPUHSATHS HOPMATUBHBIX
JIOKYMEHTOB, PETNIAMEHTUPYIOUIUX JEATEIIbHOCTh COBPEMEHHBIX MOJUTOHOB [1].
VY nosuroHa oTcyTCTBYET MPOTUBOGUIBTPALIMOHHBIN 3KpaH, KOTOPHIA MOT OBl
MPENsSTCTBOBATh MPOHUKHOBEHUIO 3arps3HSIONIMX BEIECTB B MMOA3EMHBIE BO/IBI;
MOJIUTOH YaCTUYHO 00BaJIOBaH, OTCYTCTBYET OOBOJAHOM KaHajl, YTO CLIOCOOCTBYET
pacnpocTpaHeHuIo (pUIbTpaTa BMECTE C MABOJKOBBIMU U JOKJEBBIMU BOJIAMHU,
MPOHUKHOBEHUIO UX B TMOYBHI U TPYHTHI; MOJMIOH PACHOJOKEH B MOHMKEHUU
penseda [2].

C y4eToM OrpaHUYeHHOCTH OOIIMX 3aMlacoB MUTHEBOM BOJIBI U €€ BaXKHOTO
CTPATETMYECKOTO 3HAYEHUS [JIi COXPAHEHHS] BO3MOYKHOCTH HCIIOJIb30BaHUS
B XO3SMCTBEHHO-NIUTHEBBIX IEJISIX HEOOXOJAUM CHUCTEMAaTHYECKUM KOHTPOJIb
KaueCcTBa MUTHEBOM BOJIBI.

MOHUTOPUHT KadyecTBa BOJbI M3 IIAXTHBIX KOJIOAIEB B H.II. ¥Y3a
1 H. 1. COCHOBKa OCyIIeCTBIUICS Ha PoTshKeHnH 2021-2024 rT., 4TO O3BOJINAIIO
[IPOAHAIM3UPOBATh BO3MOXKHYIO CE30HHYK) BAapUATUBHOCTH IOKa3aTesei.
[Ipn oOlLIECHKE COOTBETCTBUS MHUTHEBBIX BOJ TUTMEHUYECKUM HOpPMAaTHUBaM
PYKOBOJICTBOBAJIMCH NMOKA3aTEIIMU O€30MaCHOCTH MUTHEBOM BOJIBI [3].

3HaueHUsI KUCIOTHOCTU BOJBI BapbUpOBaMCh B mpenenax 7,50-8,62
U COOTBETCTBOBAJIM MOKA3aTENsIM KayecTBa. AHaJIM3 aHHOHHOTO COCTaBa BOJbI
BBISIBUJI HECOOTBETCTBHE TUTHEHUYECKUM TPEOOBAHMSIM TaKUX IOKa3aTesei,
KaK coJiepaHue XJOpuaoB, GocdaroB u HUTPATOB B OTIEIBHBIX OOBEKTaX
npobooTOopa (tabmuma 1). JlomycTuMble 3HAYCHHS COACP)KAHHUS XJIOPHUJIOB
ObLIM npeBbilIeHsbl B 1,1-1,9 pasa, cogepkanue ¢pochaTtoB B 3MMHHIM U BECEHHUIA
nepuonasl npesbiianu [IJIK B 1,3—1,5 pasza. B mpobGax 2024 r. otbopa
€UHUYHBIC TPEBBIIMICHUS HOPMATHUBOB IO a30TCOJEPIKAIIMM KOMIIOHEHTaM
BBISIBJICHBI TOJILKO B OTHOIIEHWW HHUTPAT-MOHOB, 4YTO, BEPOSTHO, CBS3AHO
C CEJIbCKOXO3AMCTBEHHOM NEeATEIbHOCThIO HacesleHHs (OIM3KOpacnooKEeHHbIE
CEeIbX03YyTO/Ibs, BEICHUE TPUYCaJeOHOT0 X035 UCTBA).

Conepxanue cyiab(haToB B BOJI€ IMIAXTHBIX KOJOJIEB BapbHUPOBAIOCH
or 14 mo 343 wmr/mm® Ges mpesbimenus IIJIK. HauGonblme 3HaueHHs
nokasatesiel (PMKCUpPOBaU B 3MMHUIN 1 BECEHHUI TIepHo/ibl. BbII0 ycTaHOBIIEHO,
YTO 0OBEKTHI BOJI03a00pa 3HAYMMO OTJIMYUCH IO COJIECPKAHUIO CYJIb(paT-HOHOB
(mo 24,5 paza). [ns OIEGHKM CBS3M MEXKIYy 3HAUYCHUSAMU OTICIBHBIX
THAPOXUMHYCCKUX TIOKa3aTesiel W yNaJeHHOCThIO OOBEKTOB BOJI00TOOpA
OT TpaHMI] TeJa MOJIUTOHA MPOU3BEIEH pacueT KOI(PPUIMEHTOB KOPPEISALHUU.
OOGpaTHas Koppemsuus oT ci1aboii 10 cpeHel CUIIbI BBISIBJICHA JJIsl COACP KaHUs
cyibdaros (r =-0,69) u hocdaros (r =-0,39).

OueHka (U3MOIOrMYEeCKON MOJTHOLIEHHOCTH BOABI HELEHTPAIU30BAHHOTO
BOJIOCHA0KEHHUS KaK MUTHEBOI0 MCTOYHUKA MPOBOAMIACHE HAMU Ha OCHOBAaHUU
aHajgu3a CoOJEp)KaHUsl CyXOro ocTaTka, OukapOoHaToB W (TopumoB [4].
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Conepxanue OukapOOHATOB B Boje cocTaBmsuio 1159-2782  wmr/am®
U COOTBETCTBOBAJIO  MOKa3aTeat0  (U3UOJOTUYECKOW  TOJHOIEHHOCTH
(30,0-400,0 wmr/mm®). Huskue 3Hauenus (GTOPHA-MOHOB B JUANA30HE
0,14+0,86 mr/am® u 0,11+0,15 mMr/am® B H. 1. ¥Y3a u COCHOBKA COOTBETCTBEHHO
YKa3bIBalOT Ha WX HEJOCTAaTOYHOE COJIepKaHWe B OOJBIIMHCTBE OOBEKTOB
BOJI0OTOOpa, YTO COIJIaCyeTCs C MPUBOJUMBIMH B JIUTEpaType JIaHHBIMU
0 HU3KOM COJIep)KaHUM MOJIUJIOB U (PTOPUIOB B MOJ3EMHBIX BOIaX OOJIBIITMHCTBA
peruonoB bemapycu.

Tabnuua 1 — KonmuyecTBeHHast OIleHKa OCHOBHBIX MTOKa3aTesiel BOJ U3 MIaXTHBIX
KostoAreB, HecoorBercTBYIoNMX THITA (o manusiM 2024 T.)

[TapameTpsl XJmopubt ®docpatbr Hurpatsr

Paiion I'omenbckoro nosaurona TKO, H. n. ¥3a (1200-1400 M ot moJyiMrona)

min — max 10 — 678 0,01 — 4,76 3,02—-71,0
cpeZiHee CoJlepXKaHue 235 1,93 11,87
Kpatnocts nipesbiienus [TJIK 1,1-2,3 1,3-15 1o 1,58
Uacrora npesbimenus 1K, % 18,8 25 6,25
XapaKTepucTuKa .

HEyCTOWYMBas eIMHUYHAS

3arpsA3HCHHOCTU BOJIbI
Paiion I'omenbckoro mosurona TKO, H. . CocnoBka (2500 M oT moJiurona)

min —max 96 — 187 0,026 — 0,058 10,5 — 55,6
CpesiHee cojiepKaHHe © 155 0,042 32,6
Kpatnocts npesbienns [1IJIK — — 1,1-1,2
Yacrora npessienus 11K, % - — 50
XapakTepucTuka B B XApAKTEpHAT
3arpsi3HEHHOCTH BOJIBI

I'pynTOBBIE BO/ABI B 30HE BiausHUs nojurona TKO r. ['omens He 3alUILIEHBI
OT TPOHUKHOBEHUS 3arpsi3HEHUs C 3€MHOM MOBEPXHOCTU. PacmpocTpaHeHue
oyara 3arps3HEHMs] MO IUIOHIAJUM TPYHTOBOIO BOJOHOCHOTO TOPHU30HTA
MPOUCXOJIUT BecbMa OBICTpO. OJIHAKO HW3BECTHO TAaKXe€, YTO MPOUCXOJUT
WHTCHCUBHOE  pa30aBie€HHE  CTOKOB  YHCTHIMU  HMHQUIBTPALIMOHHBIMU
Y TPYHTOBBIMH BOJIaMH 32 MpeJiejaMu MOJIUTOHA.

Il BBISIBICGHHST BO3MOXHOW CBSA3M MEXKAY THAPOXUMHYECKUMU
nokazarensiMu, Ha nporsbkeHun 2021-2024 rr. npesbimatrommmu 11K,
U OCOOCHHOCTAMM 3arps3HCHHS] TOYBBI TEPPUTOPHM, COMpPEACTHHBIX
C caHuTapHO-3amMTHON 30HOUM (manee — C33) mommrona TKO r. 'omens,
IPOAHAM3UPOBAHO COJIEP)KAaHUE B HUX HUTPATOB, XJOPUIIOB U (ocdaTos.
¥YcranoBieHo, 4to Toibko B 2021 r. comepxanue HUTpaT-uoHoB B 35,3-57,1 %
MpOAHANMM3UPOBAHHBIX Mpo0 mouBkl mnpeBbimano [IJIK ¢ wmakcumanbHOMN
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KpaTHOCThIO TpeBbimeHus 1,30—-1,95 pasza. Conmepxanue B mouse ¢ocdaToB
u cynb(daTtoB 3a Bech mepwoj HabmromeHuit octaBaioch Hike [IJIK. Taxum
oOpa3oM, TIpSIMOM CBSI3W MEXKIYy 3arps3HEHUEM TIOYBBl  TEPPUTOPHH,
HernocpencTBeHHo mnpumbikaromet k C33 (500-1000 M oT rpanui Teia
MIOJIUTOHA), U 3arPSI3HEHUEM BOJI IIAXTHBIX KOJIOJIEB HE BBISABIICHO.

OmarM w3  (aKTOpPOB 3arpsA3HEHUS BOJ BOJOHOCHBIX TOPHU30HTOB
HETTTyOOKOTO 3ajieTaHus MOXKET CIY)KHTh 3arps3HEHHE TOYBEHHOTO IMOKPOBa
HETNIOCPE/ICTBEHHO B paillOHE pACIONOKCHHs KOJOMIEB. B 3Toit cBsizu ObLI
IpOM3BeNIeH O0TOOp MPOO MOUYBHI B HEMOCPEACTBEHHOW OJIM30CTH OT OOBEKTOB
BO/I03a00pa W TPOBENEH aHalU3 COJCPKaHWsS B HUX HUTPATOB, XJIOPUIOB,
docdatoB u cynbdhaToB. Pe3ynbTarel nccieo0BaHu MPeCTaBICHBI B TA0IHIIE 2.

Tabnuua 2 — Pe3ynprarel aHa/in3a MOYB B pallOHE pa3MEIICHUS IaXTHBIX
KOJIOAIIEB B H. I1. Y3a

o6 NOs ", cl, P20s, SO47,
BEKT MI/KT MI/KD mr/100 T 1ouBbI MTI/KI [IOYBBI

Komonern 1 314,3 14,94 2,47 23,36
307,3 13,62 2,83 22,46
Kosomerr 2 295,3 16,20 2,81 25,33
289,3 15,73 3,27 24,81
Komnopen 3 2947 14,71 2,57 26,28
288,0 13,76 2,90 25,49
Kosonen 4 271,7 13,73 2,73 22,43
264,0 12,82 3,25 21,51

ITJIK 130 160

HpI/IMe‘laHI/Ie — B 4wucnourene MMPEACTaBJIICHBI PE3YJIbTATBI JICTHETO OHpO6OBaHI/I$I,
B 3HAMCHATCJIC — BECCHHETO.

Bo Bcex oOpa3nax MOYBBI YCTaHOBJIEHO MPEBBIIIEHUE JOMYCTHUMbIX
KOHIICHTPAIlM HUTpaT-uoHOB B cpenHeMm B 1,90-2,40 paza. Copepkanue
XJIOPUA-UOHOB, KAaK U Cyib(paToB, HAXOIWIOCh B MpeAeNiax IOMYyCTUMBbIX
KOHLeHTpanuil. [louBbl BO3JIEe KOJOALIEB MMENM OYEHb HHU3KYI0 U HHU3KYIO
obecrneuyeHHOCTh P20s.

VYcTaHOBIEHHOE NPEBBIICHUE MPEAETbHO TOMYCTUMBIX KOHLIEHTpAlUl
HUTPAT-UOHOB B MOYBE, BEPOSITHO, MOKET OKa3bIBAaTh BIMSAHHUE HA COJECP)KAHUE
HUTPAT-UOHOB B NMUTHEBOM BOJIE IIAXTHBIX KOJOJUEB. JIOKanbHOE 3arpsi3HEHHE
IIOYBBl B pailOHE pa3MENICHUs IIAXTHBIX KOJOJLUEB CBS3aHO, BEPOSTHO,
C OJM3KUM pACIOJIOKEHUEM YacCTHBIX MOJABOPUN U XO3IUCTBEHHBIX MOCTPOEK
(capaeB, BBITPEOHBIX SIM, TyaJleTOB, OTOPOJAOB), YTO MPH HE3ALIUIICHHOCTH
BEPXHUX BOJIOHOCHBIX TOPU30HTOB MOXKET CTaTh MIPUUYMHON ITOBBIIIEHUS YPOBHS
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a30TCOJIEPKAIMX COCAMHECHHUM, OCOOCHHO B TIEPHUOABI TMOJAbEMAa YPOBHS
TPYHTOBBIX BOJI, OOMJIBHBIX OCAJIKOB, ITABOIKOB.

J171s1 BBISIBJIICHUS XapaKTepa U CTETICHU CBSI3U MEXY 3arps3HEHUEM MTOYBBI
U COJEp’KaHUEM OJHOMMEHHBIX KOMIIOHEHTOB B BOJaX HIaXTHBIX KOJOJIEB
BBINIOJIHEH KOPPEISIUOHHBIN aHanu3. [lpsMas koppensiust cpelHel CHUJIbl
YCTaHOBJICHA ISl cojiep:kanusi GocdaToB B MoyBe U Boje ¢ KodhPuimeHToM
koppessituu 1t = 0,67. g Apyrux aHalIU3UpyeMbIX MapameTpoM 3a IMEepUoj
HaOmoeHnit 2024 r. JOCTOBEPHOM KOPPEIISIIMK HE BBISBIICHO.

Takum 00pa3oM, W3ydeHUE COCTOSIHUSA BOJ M3 HEUEHTPAIU30BAHHOTO
BOJIOCHA0EHUS B HACEJICHHBIX MTyHKTaX, HAXOASIIUXCS B 30HE MOTEHIIUAIBHOTO
BnusHUsT noguroHoB TKO, wuMeeTr BaXHYI0 COLUAIBHO-NPAKTUYECKYIO
3HAYMMOCTh, MIO3BOJISIET BBISIBJISITh HECOOTBETCTBUSI UX KaU€CTBA THTUEHUYECKUM
HOpPMAaTHBaM U OIOBEIIATh HACEJIICHUE O HEOOXOIUMOCTH JOTOJHUTEIIBHBIX MEP
10 OYKCTKE BOJ| IEPE] UX UCTIOIb30BAHUEM B XO35UCTBEHHO-TIUTHEBBIX LIEIISIX.

Paboma evinonnena 6 pamxax I'IIHU «IIpupoonvie pecypcol u oKpycaro-
wasn cpeoay na 2021-2025 ze., noonpoepamma «Paouayus u 6uonoeuuecxue
cucmemuly, 3a0anue 3.04.05.
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M. O. KAMJTAJIOBA' 2, H. 10. KOJIBAC"?, A. I1. KOJIBAC*®
'Benapycs, Bpecr, ITonecckuii arpapHO-3KOJIOTHYECKHIA HHCTUTYT
HAH benapycu

benapych, bpect, BpI'Y umenu A. C. Ilymkuna

3Benapyck, Munck, MacTutyT npupogonons3osanus HAH Benapycu

BJAUAHUE SKOJOI'O-COBMECTUMBbIX TEXHQHOFHﬁ
BBIPAINUBAHUSA MAJIMHBI OBBIKHOBEHHOU
HA COJAEPKAHUE ®EHOJIbHBIX COEJUHEHUMN B IJIOJAX

CucreMa arpOXMMHYECKOTO 3€MIIEICNINS C NPUMEHEHUEM MHUHEPAIbHBIX
yAOOpPEHU U NMECTULUAOB MPUBETA K 3PO3UU TOYBBI, YXYJIUIEHUIO COCTOSHHUS
3eMelb, PaclpOCTPaHEHUIO OO0JIE3HEH W BPEAUTENCH CEIbCKOXO035UCTBEHHBIX
KYJIbTYp, BCJIEACTBUE 4YEro yTPAauMBAIOTCA JOCTUTHYTHIE IIPEMMYLIECTBA
B TEXHOJOTMH W OpraHu3allMd I[POU3BOACTBA. B pesynbrare nosyyeHue
BBICOKOI'0 YPO’Kasi CTAJI0 BO3MOYKHO TOJIBKO IIPU MCIIOJIb30BAHUN MHUHEPAIbHBIX
ynoopenuit u nectuaoB. Kak ciencraue, Hab1t01a€TCs HE TOJIBKO 3arpsi3HEHUE
II0YB ¥ BOJOEMOB OCTaTKaMU XMMHUKATOB, HO U MX IIOBBILIEHHOE COJIEPKAHUE
B CEIBCKOXO35MCTBEHHON MPOAYKLMH, YTO HETaTUBHO BJIUSAET HA 310pPOBbE
yenoBeka. Takum o0pa3oB, BOCCTAaHOBJIEHUE IPUPOIHBIX PECYPCOB CTAJI0 OJIHOM
U3 OCHOBHBIX NMPOOJIEM CEILCKOTO X03sIMCTBA, HA PEllIEeHNEe KOTOPOM N3HAYaJIbHO
U OBLJIO HAMpaBlIieHO opraHudeckoe 3emienenue. Co BpeMEHEM K PEIICHHUIO
3aJlayu M0 OXpaHe MOYBbI JOOABUIMCH U MPOOJIEeMbl 0€30MACHOCTH MPOAYKTOB
NUTaHUs, COXpaHEHHWE OHOpa3HOOOpa3usi U  NPUPOAHBIX  DKOCHCTEM,
IpenoTBpalleHue NapHUKOBOro 3ddexra u T. 1. [1].

[Tepexon Ha OpPraHUYECKOE 3EMIICNICIIUE SIBJISIETCSI MUPOBOUM TEHJICHIUEH,
B HEKOTOPBIX CTpaHax MCCICAOBAHUS IPOBOAATCA HAa TOCYJAPCTBEHHOM
YpOBHE, B TOM uuciie u B bemapycu. [Ipu oprannyeckom 3emiuenenuu oTaaercs
IIPUOPUTET MAPTHEPCKUX OTHOLICHUM MEXIy YEIOBEKOM W MPUPOIOH,
UCIOJIb3YIOTCS. OPraHMYECKHE CpEICTBAa 3alllUThl, HMCKYCCTBEHHBbIE T0OaBKH
MOJHOCTBIO 3aMEHSIOT MPUPOAHbIMU aHanoramu [2]. B PecnyOimke bemapych
c 2019 r. meiictByer 3akoH «O TPOU3BOACTBE U OOpaIeHUH OPTaHUYECKOU
IIPOAYKLMW», U B HACTOSLIEE BPEMS IIPOU3BOJACTBOM OPraHUYECKON MPOLYKIIMH
B CTpaHe 3aHuMaeTcs 27 cyObeKTOB X035UCTBOBaHUs. Pa3paboTaHbl HEKOTOPKIE
NPUHIUIBL BEJEHUST OPraHMYECKOTO CEeIbCKOrO XO3SCTBAa, B OCOOEHHOCTH
OBOIIHBIX KYJIbTYp, IPU 3TOM HEJOCTATOYHO BHUMAHUS YJIEISAETCS ILIOJ0BO-
ATOJTHBIM.

BaxxHpIM CBOMCTBOM, ONPEACIAIOIINM KAa4eCTBO IUIOAOBO-SATOJHOU
NPOAYKUMHU, SIBIIAETCA €€ Oumoxumuueckuil cocraB. Cpeau OHOJOTHYECKH
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aKTUBHBIX BEIIECTB, O0OJAMAIONUX JIeYeOHO-MPOPUITAKTUICCKAM JICHCTBHEM,
BEIICISIOT (eHoNbHBIE coenuaeHus (nainee — OC). OTMeTuM, 9TO ConeprKaHue
OMOJIOTUYECKH AKTUBHBIX OINPEACISIETCS KaK TEeHETHUYCCKUMHU OCOOCHHOCTSIMHU
pacTeHuM, Tak U JKOJIOTMUECKUMHU (haKTOpaMu, B TOM YHUCJIE OCOOCHHOCTSIMU
KYJIbTUBUPOBAHUS.

Ilens uccnenoBanust — oueHuTh odiiee coaepkanue OC (B ToMm uucie
(beHonKapOOHOBBIX KHUCIOT, (PJIABOHOJIOB M aHTOIMAHOB) B IUIOJAX MAaJMHBI
obosikHOBeHHOH (Rubus idaeus L.) copra Mereop mpu pa3HBIX CTpaTEerusax
00pabOTKH B YCIOBUSX MEPEX0/ia K OPraHUYECKOMY BBIPAIIMBAHHUIO.

[ToneBoit skcnepumeHT mpoBeAeH B 2024 r. s ucciegoBaHus ObLIH
BBIOpaHbI npenaparsl « JHToJEK», «IIpodur», «butokcudbanmmmey (Tadmuua 1).
B TedeHue BereTalluOHHOTO CE€30HA IpoBeAcHa 00paboTka OuorpenapaTamu
COTJIACHO OOIIECTPUHATON METOAMKE JUIsl YJYYIICHUS COCTOSHUS TOYBbI
u  OOpbOBI C BpeauTesIMH W OONE3HSAMH MalWHBL. J[7 BBIABICHUS
3¢ dexTuBHOCTH OHONpenaparoB ObLIM OTOOpaHbl IUIOABI C PACTEHH 0e3
00paboTOK (KOHTPOJIb) U KOHBEHIIMOHHOTO (TPAIUIIMOHHOI0) KyJIbTUBUPOBAHUS.

Tabmuna 1 — Kpatkas xapakTepuctuka Ouornpenaparon

HasBanue ITpon3BOAUTEIH Cocras
1. BuTtokCcHOAIMILINH Cub66uodapm, Poccuiickas Bacillus thuringiensis var.
Deneparust thuringiensis
2. [Ipodur (M+b) 00O «IIpodur-TI'apaen», Metarhizium, Beauveria
Pecniy6nka benapych
3. DHTONEK PVIIIT «3ammura pacTeHuin», Lecanicillium lecanii
Pecniy6nka benapych

[1noapl MalMHBI 3arOTaBIMBAIM B CTaJMM TOTPEOUTETHCKOM 3PENIOCTH,
nopuun 1o 100t mmopummsupoBanu u usmenpuanu; OC sxcTparupoBaiu
70 %-m stanonom. Coxaepxxanne ®C ompenensiiu CreKTpoPOTOMETPUIECCKIMHE
METOJlaMU, OMHCAaHHBIMU HaMu paHee [3]. Bce omnbIThl OBUIM BBITTOJTHEHBI
B TpEXKpaTHOW MOBTOPHOCTU. CTAaTHUCTHYECKYI0 OOpabOTKYy TMOJyYEHHBIX
JTAHHBIX TIPOBOJIUJIY C UCTIOJIB30BaHMEM MporpamMmel R software.

Brixop coka u3 o108 MmaiauHbl BapbupoBai ot 41,1 1o 46 %, cogepxanue
cyxoro BemectBa — oT 16,39 no 18,7 %. B koHTposbHBIX OOpa3iax MajuHbI
obmee coxepxkanue DPC cocraBmno 15,64 0,34 Mr ramioBOM KHCIOTBI/T
TMO(PUIM3UPOBAHHBIX TUIONOB, (EHONMKApOOHOBBIX KuUCIOT — 9,2+ 0,86 Mr
KodeitHoi KucaoTel/T, ¢paaBononoB — 1,9 + 0,17 Mr kBepiieTHHa, aHTOIIMAHOB —
2,06 £ 0,04 mr mmmaauauH 3-O-TIFOKO3UIA/T.

[Ipu KOHBEHITMOHHOM KyJnbTHBUpOBaHHH cojaepxkanue ®C u QeHo-
KapOOHOBBIX KHCJIOT B IUTIOIaX MaJUHBI ObLIO HUKE 10 CPABHEHHUIO C KOHTPOJIEM
Ha 12 u 10,3 % COOTBETCTBEHHO, TpPH OTOM coJepkaHue (IaBOHOJIOB
W aHTOIIMaHOB ObLI0 BhIIe HA 20,3 u 46,5 % (Tabnuia 2).
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Tabmuma 2 — Jlunamuka cogepskanust PeHOTbHBIX COSAMHEHUH (OTHOCUTEIIHHO
KOHTPOJISI) B TUIOZaX MaJIMHBI OOBIKHOBEHHOH (copT MeTeop) mpu pa3HbIX
cTpaTerusix oOpadOTKU pacTEHU

Bapuant onbiTa OTHOCHUTENBHOE coiepKaHue (ITPOIICHT K KOHTPOJIIO)
deHOoJIbHEIC ®denonkapOoHOBBIe | DIaBOHONBI | AHTOIMAHBI
COCIMHCHUS KHCJIOTBI

O6paboTka OnonpenapaTaMu:

Buroxcubanuiana -44 3* -14,3* -12,6* -1,3

[Tpodut -13,2* -9,0 61,6** -30,6*

OHTOJICK 2,3 -3,6 29,9* 17,8*

Kousenmonuoe -12,0* -10,3 20,3* 46,5*

BBIpANTBaHUE

[Ipumeuanue — * — OTAMYMS OT KOHTPOJS JOCTOBEPHBI MPH YPOBHE 3HAYUMOCTHU

p <0,05, ** —mpu 0,01< p < 0,001.

CornacHo IuTepaTypHbIM JaHHBIM, OPTaHUYECKHUE 00pa3Ilhl (BhIpAIICHHBIC
0e3 HCIoJIb30BaHMs NeCTUIHIOB) 10108 R. idaeus copros Laszka, Glen Ample,
Glen Fine [4], Polana [5] (ITospma), Willamette (CepOus) [6] comepxanu
3HAYUTEIBHO OOJIBIIIE CYXOro BEIIeCTBa, (DEHONBHBIX KUCIOT U (PIIaBOHOUIOB,
BKJIFOYAsl MUPHIICTHH, KBEPIETHH, JIOTCOJIMH M KBEPIETUH-3-O-pyTHHO3MU/IL.
Hns mmomoB pemonTanTHOro copta Polka (ocennuit cbop ypoxas) [4]
pa3nuuusl 3HAYCHUH BBINICYKAa3aHHBIX MapaMeTpoOB HE OBbUIM CTAaTUCTHUYECKHU
JIOCTOBEPHBIMHU.

OTKIMK OMOXMMUYECKHX TMapaMeTpoB IUIOJAOB MajJWUHBI Ha 00pabOTKY
ouornpenaparamu OBLIT Pa3INYHbBIM. [Tpu HCIIOJIb30BaHUU KakK
OUTOKCHOAIIWIIIINHA, TaK M MPO(PUTa YCTAHOBJICHO JIOCTOBEPHOE CHIKECHUE
obmero coxepxanuss DPC u (DHeHoaKkapOOHOBBIX KHCIOT (Tabnmuma 2).
Conepxanve  (IaBOHOJIOB ~ TMOHWXKAJIOCh  TOJBKO  MpuU  00paboTke
outokcubammImHOM. OTMETHM, YTO D3TOT TMpemnapaT BKIIOYACT KYJIbTYPY
Bacillus thuringiensis var. thuringiensis, kotopas Tipu NonagaHuy B OpraHU3M
HACEKOMBIX BBI3BIBACT Y BPEIUTECH KUIIECYHBIM TOKCHKO3. Uepe3 HECKOJBKO
4acoB Mocjie 00pabOTKH y OOJBHBIX HACEKOMBIX PE3KO CHHUXKAETCS AalIeTHT,
a yepe3 HECKOJIbKO THel oHm morubaroT. B coctaB Gemopycckoro mpemapara
«IIpodut», 006paboTka KOTOpHIM HauOOJEE CHUIBLHO TOBBIIIAET COJEPKAHUE
dbnaBoHOI0B (Ha 61,6 %) B 1UI0/1aX MaJMHBI, BXOAST JBa SHTOMOIIATOTE€HHBIX
rpuba (tabmuma 1).

O06paboTKa pacTeHH MaJMHBI MpernapaToM «DHTOJEK» MPUBENIa K POCTY
conepkadus (pIaBOHOJIOB M aHTOITMAHOB B WX IUIOJAX, MPU STOM JIOCTOBEPHOE
W3MEHEHHE [IBYX JIpyTUX TMapaMeTpoB HE BBIABICHO (Tabmuma 2). OTOT
OMONOTUYECKU TpenapaT WHCEKTUIUIHOTO U aKAPUIIMIHOTO JCHCTBUS
B KaueCTBE JIEHCTBYIOIIET0 KOMIIOHEHTA COJIEPKUT CIIOPHI YHTOMOITATOT€HHOTO
rpuba Lecanicillium lecanii u sHTOMOIMIHBIC META0OIUTHI [7].
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Takum oOpa3om, coaepxkanue B Iogax MaiuHbl @C, B TOM uuncie
(G1aBOHOIOB W AHTOLIMAHOB, M3MEHSETCA TpH 00pabOTKe pacTeHHI
Kak OuompenapaTamMi, TaKk U XUMHUYECKHUMH CpPEIACTBAMH 3aIlUTHl PACTEHUH.
C yyeToM TMONYyYEHHBIX HAMHU JaHHBIX MPU TMEpPEXOoJe K OPraHuYeCKOMY
KyJIbTUBHPOBAHUIO MaJMHBI OOBIKHOBEHHOW Hamboisiee 3(pPEeKTUBHON SABISCTCS
00paboTka pacTeHui dronpenapaToM « JHTOIEK», MO3BOJISIONIAS OCYIIECTBIISATh
00pr0y C HACEKOMBIMHU-BPEIUTEISIMH O€3 CHIDKEHHUS COJEpKaHUs B ILUIOJAX
OMOJIOTMYECKN aKTUBHBIX BEIIECTB (EHOTBHON TIPHPOIBI.

Paboma evinonnena 6 pamxax npoekma bP®DU-bpecm Ne X245-005.
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C. 3. KAPO3A
benapycs, bpect, bpl'Y umenu A. C. Ilymkuna

BJIUSIHUE 24-9IMMKACTACTEPOHA U ET'O KOHBIOTATA
C SHTAPHOUM KNCJIOTON HA HAYAJBHBIN POCT

"N BUOXUMHNYECKHUE MOKA3ATEJIN T'PEYNXU TIOCEBHOM
TETPAIIZIONTHOI'O COPTA OMETI'A

AKTYaJIbHOCTb. DIHUKACTACTEPOH SIBISIETCS MPEACTABUTEIEM JTOBOJIBHO
OOIIUPHOM TPYNIBI OPACCUHOCTEPOUIOB, BKIIIOYAIOIICH B ce0s PUTOTOPMOHBI,
BBIJICJICHHBIE U3 PACTEHUM PA3JIUYHBIX ceMeUCTB. Ha 0CHOBE MHOTrOYMCIEHHBIX
UCCJIEI0BAHUI OBLIIO YCTAHOBJIEHO, YTO OHU KU3HEHHO BayKHBI JUIsl HOPMAJIBHOTO
poCcTa M pPa3BUTHS PACTEHUW, YTO W NPUBEIO K BBIACICHUIO HOBOTO KJlacca
pacTUTENbHBIX TOPMOHOB [1]. OleHKa BIMSHHS 3TUX COCOUHEHUW HA >KUBBIC
OpraHM3Mbl MPOBOAWIACH B Pa3HbIX CTpaHaX, U HauOojee MOJIHBIA 0030p HX
pe3yNbTaToB ONMyOIMKOBaH COTpyIHUKaMU MHCTUTYTa GMOOpraHn4ecKoi XUMUU
HAH benapycu [2]. [lo pe3ynbTaTaM HcCIlI€IOBaHHM, NpoBeAeHHBIX B bpl'Y
umenu A. C. IlymkuHa, ObUIM ompeaeneHbl HauboJiee MEpPCIEeKTUBHBIC IS
IIPUMEHEHUS B pacTeHneBOACTBE npemnapartsl [3]. Ho B 'ocynapcTBeHHBI peectp
CPEICTB 3allUThl pacTeHUl (MECTUIUAOB) M YAOOPEHUMH, pa3pelIeHHbIX
K IPUMEHEHUIo Ha TeppuTopuu Pecnyonuku benapyce, n3 6paccuHocteponioB
BKJIIOYEHBl TOJBKO OINHWH MW OIHWH IUIKOC, COAEPXKAIUE COOTBETCTBEHHO
snubpaccuHonug u romoOpaccunonuy [4]. Corpyanukamu HMHcTUTyTa
ounooprannyeckod xumun HAH benapycu ObUiM CHHTE3MpPOBaHBI KOHBIOTaThI
OpacCHHOCTEPOUJOB C OPTaHUYECKUMH KHUCIOTaMH, KOTOpbIE OTJIMYAKOTCA
Mo (PU3MKO-XUMUYECKUM CBOMCTBaM OT CaMHUX OpacCMHOCTEPOUJIOB, U OIICHKA
X BIMSHUS Ha DPACTEHUs SBJISIETCA BECbMa akTyaldbHOM. OZHUM M3 TaKHX
COCIMHEHUN SIBISICTCS KOHBIOTaT 24-3MUKAcTacTepoHa C SHTAPHOW KUCIOTOM,
KOTOpass cama o0OjajzaeT oOmpeAesieHHOW OHOJIOTMYECKOM aKTUBHOCTBIO
Y JIOBOJIBHO IIMPOKO MCIOJIB3YETCS B PACTEHUEBOJICTBE B KAUECTBE CTUMYJIATOPA
pOCTa U pa3BUTHUS PACTECHUN.

B kauecTBe TecT-00b€KTa MBI HCIIOJIB30BATIN I'PEUHXY MTOCEBHYIO, T. K. OHA
SBIIIETCSL TOMYJISIPHOM KPYISIHOM KyJbTypoil Onarogapss CBOEH BBICOKOM
MUTATEIBHOU IIEHHOCTH U yA0OCTBY B MpUrotosiieHnu. Kpymna-sapuiia conepx ut
12,6 % OenkoB, KOTOpPbHIE XapaKTEPU3YIOTCS XOpolled cOaJaHCUPOBAHHOCTHIO
AMHMHOKHCIJIOTHOTO COCTaBa. B HeW coxepKUTCcs MHOrO BUTaMuHA E, KOTOpBIU
LIEHEH KaK aHTUOKCUAAHT [5]. M3 rpedHeBOl KpyIbl M COJIOMBI BBIJCIICHBI
U Jpyrue BUTAMUHBI: PYTHUH, HUALMH, puOO(IaBUH W QojmeBas KUCIOTA.
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['peunxa Takke COACPKUT MHOTO Kelie3a, Meu, KoOallbTa, Mapratia u Apyrux
MHUKPO3JIEMEHTOB.

Ho, HecMoTps Ha 3T QOCTOMHCTBA, B bemapycn NOCEBHBIE ILIOMIAIA
noJA 3Ty KyJbTypy B Hauane XXI B. MOCTOSSHHO yMEHBIIANIHWCh, U TOJBKO
B IOCJIEHUE TO/Ibl HAYaIu yBelnuuBatbes [6]. OnHa U3 IPUYUH — HEBBICOKAS
ypOXKaWHOCTh 3€pHa, O0YCIIOBIIEHHAS LIETBIM KOMIUJIEKCOM MPUYHH, B TOM YHUCJIE
3aBUCUMOCTBIO OT TMOTOAHBIX YycnoBui. Ilosromy Oenopycckue arpapuu
HE BBIIEPKUBAIOT KOHKYPEHIIMU C 3apyOeKHBIMH, XOTS 3Ta KyJbTypa 00JagaeT
BBICOKMM MOTEHIIUAJIOM MPOIyKTUBHOCTH [7]. [IOBBICUTE €€ MOKHO pa3InyHbIMU
arpOTEXHUYECKUMH  MEPOIPUSATUSMU, HAlpUMEp CTUMYJSIMEH  pocTa,
UMMYHUTETA ¥ YPOKaWHOCTH C TIOMOIIBI0 OMOJIOTHYECKH aKTHUBHBIX BEIIECTB,
B TOM YHCJE€ W KOHBIOTATOB OpPacCHHOCTEPOHUIOB, MOJIOKUTEIHHOE BIUSHHUE
KOTOPBIX HAa POCT W Pa3BUTHE TPEUYMXH ITUIUIOWTHOTO copTa Bmama Hamm
yke ObLIO0 JoKa3aHo paHee [8; 9]. B mocTyHBIX HCTOYHHKAX JAHHBIX O BIMSAHUU
TaKUX COCIWHECHWA HA POCT W Pa3BUTHE TPEUYMXU TOCEBHOM TETPATUIOMTHBIX
COPTOB HAMH OOHAPY’KEHO HE ObLIO, XOTS ceiiuac OHM HAOMPArOT MOMYJISIPHOCTD
B arpapHOM IPOU3BO/JICTBE.

Heanb — npoaHanu3upoBath BIUSHUE 24-3MMMKACTACTEPOHA U €T0 TeTpa-
CYKIIMHATa Ha HAYaJIbHBIA POCT U cojiep:kaHne (POTOCUHTETUUECKUX MUTMEHTOB
B rpeunxe mnoceBHou (Fagopyrum esculentum Moench) TerparionHOTO
copta Omera.

Martepuanbl M MeToabl. B KadecTBe TecT-00bEKTa MCIOJIB30BAIN
rpeuuxy pailoHUpOBaHHOTO JUIsi Bcex oobOmacreir Pecnybnmuku  benapych
TETPATUIONTHOTO JETEPMUHAHTHOTO copTa OMera, OTIMYAOIIETOCS KpPYITHBIM
pa3MepoM IIJI0JI0B M BBICOKOHM YPOXKaWHOCTHIO, BKIIFOUEHHOTO B PEECTp COPTOB
toibko B 2022 r. [10]. B kauecTBe OOBEKTOB HMCCIICAOBAHUS HCIIOJIB30BAIN
24-snmkactacrepon (nanee — IK) u TeTpacykiuHaT 24-3nukactactepona (S439).
[TepBbIil ATam 3KCHIEpUMEHTA 10 OTICHKE MX BIUSHUS HAa OCHOBHBIC ITOKA3aTEIH,
XapaKTEPHU3YIONTUE HadaJdbHBIC ITAlbl POCTAa W PA3BUTHUS TPEUUXH ITOCEBHOM,
MPOBOJMJICS TIO CTaHJAPTHOM METOJMKE MPOpAIIUBAaHUS B PyJIOHAX (PUIBTPO-
BanbHOM Oymarn mo ['OCT 12038-84 [11]. IlepBoHauyanbHO Ji BBIABICHHS
HauOosiee A((PEKTUBHBIX 103 MPENapaToB MPOBOJAWIOCH 3aMauyMBAHHUE CEMSH
Ha 5 4acoB B pacTBOPax B INMPOKOM CIieKTpe KoHueHTpauii or 107 mo 107 M.
Ha BTOpOM 3Tame uConb30Bajid TOJBKO Tpu HamOojee d()PeKTUBHBIC JT03BI.
Pactenus rpeunxu BeIpanuBajif B rOpIIKax ¢ MOYBOTPYHTOM, PacCIpeeICHHbBIX
PaHIOMHU3UPOBAHHO, B YETHIPEXKPATHON TOBTOPHOCTH, OOIIEEe KOJIUYECTBO
pacteHuil B BapuaHTe cocTaBisuio 20 mrTyk. [ns SKCTpakuuu MHUTMEHTOB
WCITOJIB30BAIM  BBICEYKH JTUAMETPOM | CM |3 CpeaHEl dYacTH JIHCTHEB.
JInst yBEeTUYEHHMS TOYHOCTH WM3MEPEHUH M JOCTOBEPHOCTH PE3YJIbTATOB IS
onHOHM TIpoObI aemamu 10 BeIceUek, OOBCAMHSUIM WX M YCTAHABIMBAJIA MacCy
HaBecku. M3 kaxzgoro ropuika oTOMpanu JBe MNpoObl, U TaKUM O00pa3oM
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MOBTOPHOCTh OIbITA OBbLIa BOCHBMHUKpPATHOW. Maccy BBICEUEK OMPEISIIsITH
Ha OJIEKTPOHHBIX Becax. OKCTPAKIHUIO XJIOPOPWILIOB H KapOTHHOUIOB
npousBogmin 100 %-m aneronom. I[IpoObl HacTauBamM B XOJNOAWIBHHUKE IPH
+4 °C B TeyeHHe ABYX CyTOK. ONTHUYECKYIO IJIOTHOCTh SKCTPAKTa OMpPEACIIsIn
Ha cniekTpodoromerpe SOLAR CM2203 npu njmHax BOJIH, COOTBETCTBYIOIITUX
MaKCUMyMaM TOTJIOIIEHHUS ONpeIeIIeMbIX MTUTMEHTOB B JAHHOM PAaCTBOPUTEIIE:
A = 662, 644 u 440,5 HM B TpeXKpaTHOW MOBTOPHOCTU JJIs Ka)KJOTO 0Opaslia.
ConeprkaHre MUTMEHTOB PACCYMTHIBAIIM 110 popmysiam Berrireitna [12].

Pesyabrarel M o00cy:kaeHue. OHepruro npopactanus OK moBbICHI
B TpeX M3 MSATH MCIoNb3yeMblXx KoHueHtpammii (107, 10° u 108 M)
Ha 0,9, 7,5 u 12,1 %, a S439 — ma 13,5, 16,3 u 7,7 % COOTBETCTBEHHO.
Ha BcxokecTh 00a mpemapara OKa3ald HE3HAUYUTEIbHOE M HEJOCTOBEPHOE
BIIMSIHUE, YTO OOBSICHICTCS OOJIBIICH CTAOMIBHOCTBIO TOTO MOKA3aTeIs.

Ha BricoTy npopoctkoB DK oka3an HEOJHO3HAYHOE BIUsHUE (TaONHIA).
Hcnonb3oBanue pacTBopos ¢ konmenTpausamu 107, 10° u 10 M ysennuuno
ATOT TOKa3arenb Ha 2,6, 8,6 u 6,1 % COOTBETCTBEHHO, HO JOCTOBEPHO TOJBKO
B CpeIHEM HCIONb3yeMoM BapuanTe. Ilpumenenme 103 107° m 100 M
yMmeHnbimio ero Ha 2,6 u 1,0 % coorBercTtBenHo. Terpacykuumnar DK okazan
Ha BBICOTY MPOPOCTKOB OoJjiee cnaboe BIUSHUE, YEM Ha SHEPIHIO MPOPACTAHMUS,
HO OoJiee CUIIBHOE, YeM Ha BCXOXKecTh (Tabmuna). [IpumeHeHue pacTBOpoOB
¢ konmeHTpammamMu 1070 um 10°M yeBenmumno ee ma 92 u 1,4 %,
a B KOHIICHTpaLMAX 10, 10%u 10’M He3HAUUTETBHO W HEJI0CTOBEPHO
MTOHW3MIIO TI0 CPaBHEHHMIO ¢ KOHTposeM Ha 1,5, 0,8 u 2,8 % cooTBETCTBEHHO.

Tabnuna — Bousiaue 9K u S439 Ha BRICOTY MPOPOCTKOB U JUTHHY KOPEIIKOB
rpeuuxu MoceBHOM copta OmMera B 1a00pPaTOPHOM IKCIIEPUMEHTE

[Tokaszarenn BeIcoTa npopocTka JlnuHa xopemka
Konuentpanus, M MM ‘ % K KOHTPOJIIO MM ‘ % K KOHTPOJIIO
CoenuHeHue 24->mMKacTacTepoH
KoHtposb 72,2+2,11 100,0 30,3 +0,97 100,0
10 74,1+ 1,27 102,6 29,8 + 0,88 98,3
10710 70,3 + 1,89 97,4 31,7+ 1,06 104, 6
10°° 78,4 £221% 108,6 33,4+ 0,83*%* 110,2
108 76,6 +£2.17 106,1 28,9 +1,13 95,4
10~ 71,5+ 1,86 99,0 28,1 + 1,45% 92,7
CoenuHenune TerpacykuuHaT 24-30MKacTacTEPOH
KoHtpoub 74,3 + 1,68 100,0 44,7 + 0,89 100,0
10~ 73,2+ 1,71 98,5 453+ 1,16 101,2
1010 81,1 +£2,05% 109,2 433+ 1,27 96,8
10°° 75,3 +£2,01 101,4 51,8+ 1,31%* 115,7
108 73,7 +2,03 99,2 48,9 +1,16* 109,4
10”7 72,2+ 1,74 97,2 39,9 +0,97* 89,1
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Bmusiane DK Ha anwHY KOpEmkoB ObLIO OoJiee JIOTMYHBIM (TaOiuIa).
PactBopsl ¢ konneHTpamusamu 107 u 10° M ysenuuusamu ee na 4,6 u 10,2 %
coorBeTcTBeHHO. [Ipumenenue 103 107, 108 u 107" M BBI3BIBaIO yMEHBIIEHUE
sToro nokaszaress Ha 1,7, 4,6 u 7,3 % cooTBeTCTBEHHO. TeTpacyKIUHAT B IIEJIOM
OKazaJl Ha JTOT IOKa3aTeldb pa3HOHANpPABIECHHOE BIMSHUE (CM. TaOJUILY).
IIpy HMCHONB30BAHMM PAcTBOPOB ¢ KoHueHTpauusamMu 1071, 10°u 108 M
npoucxoaunao ero yBeauuenue Ha 1,2, 15,7 m 9,4 % COOTBETCTBEHHO,
B TOCJIEHUX JIBYX BapHaHTaX C JOCTOBEPHBIMU OTJIMYUSMU OT KOHTPOJIS.
IIpu wucnonszoBanuu 103 107°m 107 M mnpoucXomusno ero yMmeHbLICHHE
Ha 3,2 1 10,9 % COOTBETCTBEHHO.

Biusinue pactBopoB DK Ha Maccy MpopoCTKOB HE COBIAIANIO MTOJTHOCTHIO
C BIMSHMEM Ha MX BbIcoTy. OHa yBenmuummach B Tpex Bapuanrtax (1071° 10°°
u 108M) ma 0,7, 11,2 u 7,8 % COOTBETCTBEHHO, HO JOCTOBEPHOI pa3HHUIA
C KOHTpPOJIEM OblIIa TOJBKO B cpefHeM BapuanTe, a 10361 107 u 10”7 M BrI3Bamm
YMEHBIIIEHUE ATOTO Moka3arens Ha 2,1 u 9,6 % COOTBETCTBEHHO, B MOCJIECIHEM
cllydae pa3HHUIla C KOHTpoJieM ObuTa TOCTOBepHOH. BimsHue pactBopoB S439
Ha 3TOT MOKa3aTelib B II€JIOM ObLJIO aHAJOTUYHBIM HMX BIUSHUIO HAa BBICOTY
MIPOPOCTKOB, HO KOJUYECTBEHHO PE3yJbTAaThl OTJIMYAIUCh. Macca Haa3eMHOM
YacTH YBEJIMYWIACh B TpPEX BapHaHTaX, HO JOCTOBEPHO IO CPaBHEHUIO
¢ konTponeM (Ha 10,2 %) Tonbko npu npumenennu 1036l 10° M, a mocToBepHOE
YBEJIUYECHHE  BBICOTHI  HAOIIOJAIOCh MpPU  KCIOJIB30BAHUM  pPacTBOpa
¢ konmeHTpanmeii 107 M. Bo Bcex OCTalbHBIX BapUaHTaX JIOCTOBEPHBIX
OTIIMYHUI OT KOHTPOJISI HE HAOIIOAANIOCH.

Bmusane DK n S439 Ha comepxanue (OTOCHHTETHYCCKUX IMHUTMEHTOB
B I1€JIOM OBLJIO TTOJIOKUTEIbHBIM, HO BRIPaKEHHBIM CPAaBHUTEIIBHO cJ1a00. PacTBOp
DK Tonbko B 1o3e 1071° M HenocToBEpHO yMEHbIIAT coepkanne XIopoduiuia a
Ha 3,2%, OJHOBPEMEHHO KOMIIEHCUPYS 3TO CHI)KEHHE YBEIMYECHHEM
conepsxkanus xnopoduina b va 4,4 %. B no3e 108 M DK BbI3bIBa MOBLIIEHUE
comepkanuss u xymopopwmia a, 1 b (ma 6,4 u 2,1 % COOTBETCTBEHHO),
HO JIOCTOBEPHOE TOJILKO s Xjopodumia a. B konnentpauuu 10° M piausuue
OK 0bLI0 MONMOKUTETBHBIM, HO HeTOCTOBEpHBIM (12,1 1 1,3 % cOOTBETCTBEHHO).
Ucnons3oBanue pacteopa S439 B moze 10°M  10OCTOBEPHO IOBBICHIIO
coaepkanne xjopodmia a Ha 8,2 %, oJHOBpEMEHHO HEAOCTOBEPHO IOHU3UB
cogepxkanre ximopodpumia b ma 2,5%. Jloza 10° M okaseBana cnaGoe
MOJIOKUTEIIBHOE BO3/IeHCTBUE HA 00a mokaszaTens (+5,7 u 3 % cooTBETCTBEHHO),
HO JIOCTOBEPHOE TOJILKO JuIsi xjopoduina a. Pacteop B koHuentpamuu 108 M
HEJOCTOBEPHO CHIKAN cojepikanue xyopoduuia a Ha 2,4 %, a xjaopodumia b
TaKke HeJJOCTOBEPHO MoBkbImat Ha 4,1 %.

3axiouenue. [IpoBeneHHbIC HCCIEIOBAaHUS TTO3BOJUIIN ClIE€JIaTh OOIIUIA
BBIBO/I, YTO TETpaIUiouHas rpeunxa copra Omera, o CpaBHEHUIO C JUTLIIOU-
HbBIM copToM Biana, o0nagaeT MeHee BBIPAKEHHONW YYBCTBUTEIBLHOCTHIO
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K ICUCTBUIO 24-3MUKAcTacTepOHa MW €ro TETPACyKIMHATa, 4YTO MOXKET
OO0BSCHATHCS OONBINIEH CTAOMIHLHOCTHIO HA HAYAJIBHBIX dTallaX pOCTa U Pa3BUTHS
3a cuerT OOJIbIIETO 3amaca IMUTATENIbHBIX BEIIECTB U 00Jie€ BBICOKOU
YCTOMUYMBOCTU 3a cueT Oojiee KPYMHBIX pa3sMepoB IUIOAOB y copTa Owmera.
[Io BceMy KOMIUIEKCY TIOKa3zaTesied TeTpacyKIMHAT 24-3muKacTacTepoHa
POSIBIJI HanOoJiee BBIPAKEHHBIE CTUMYJIHMPYIOIIME CBOMCTBA B OTHOIICHHUH
000uX COpPTOB B 00Jiee HU3KOH J103€ 10° M, mo cpaBHeHUIO ¢ camuM OK, rie
MaKCUMaJibHasl MOJOKUTEIbHAs aKTUBHOCTh HA0JI01al1ach IPU UCTOJIb30BAHUU
pacTBopa B KoHLeHTpaiuu 1078 M.

Hccneoosanusi nposoounuce 8 pamkax 6blNOJHEHUS (QUHAHCUPYEeMOUL
memvl [TIHU «Oyenxa 6uuanusi npupoouvix OpacCUHOCMEPOUO8 U UX
KOH®BI02aMo8 ¢  KUCIlomamu Ha  Mmopgomempuueckue U  Qu3U0I020-
ouoxumuueckue napamempuvl  CeNbCKOXO3AUCMEEHHbIX U O0eKOPAMUBHBIX
pacmenuiiy (2021-2025 22.).
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K coaepxkanuio

VJIK 691.3

J. 1. KACTOPHBIX, A. B. KAKJIIOTHH, 1O. 10. IEMYEB
Poccniickas ®enepauus, PoctoB-Ha-/lony, [[JoHCKOM roCcy 1apCTBEHHBIN
TEXHUYECKUU YHUBEPCUTET

IKOJOI'MYECKASA DOOPEKTUBHOCTD PELHUKJIMHI' A
CTPOMTEJIBHbBIX OTXOA0B JJIsA TIPOU3BOJACTBA
BETOHHBIX CMECEH

JIns COBpEMEHHOW CTPOMTEIBHOU OTPaciii MUPOBBIM TPEHIOM SBJISETCS
«IKOJIOTUYECKOE», WM  «3€JIEHOE»,  CTPOUTENICTBO.  DKOJOTUYECKOE
CTPOUTENIbCTBO KaK HalpaBJIICHUE NPEAIPUHUMATEIBCKOU  JAEATEIbHOCTH
peaycMaTpuBaeT Co3/aHue O0e30MacHOM, 370pOBOM W KOMGMOPTHOW CpEIbI
JUIsL KU3HEAesTenbHOCTH Joned. MccnenoBaHus, MpOBOAWMBIE B 00JIaCTH
CTPOUTENIbHBIX ~ DKOTEXHOJIOTHH,  CBHJETEJIBCTBYIOT 00  aKTyaJbHOCTH
Y TIOCTOSSHHOM PAa3BUTHUU ATOro HampasieHus [1; 2]. OgHuM U3 BaXKHEUIIMX
YCIOBUM JJIsI CO3/aHUsI OE30IMAaCHBIX TEXHOJOTUM CTPOUTEILCTBA SIBISETCS
WCIIOJIb30BAaHUE DKOJIOTUYECKH O€30MacCHBIX CTPOUTENIBHBIX MAaTEPHaJIOB.
K Takum MarepuasaM OTHOCUTCS MHUHEPAIBHOE ChIPhE, MOJIy4aeMoOe IO
TE€XHOJIOTUU PEIUKIINHTa CTPOUTEIBHBIX 0TX010B. D(hPEKTUBHOMY NPUMEHEHHUIO
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OTXOJIOB (HaIpuMep, U3 «CTaporo» O0€TOHA) JOJKHBI MPEIIICCTBOBATH HAYIHBIC
UCCIICIOBAaHUSI, TOATBEPKIAIOMIUE BO3MOXHOCTh HX MPUMEHEHUS B3aMEH
NPUPOTHOTO CHIpbsi 0€3 moTepu KadecTBa. [lodToMy T1IeNbIO0  HAIIETo
MCCJICIOBAHUS SIBUJIOCH YCTAHOBJICHUE BIIMSIHUS MUHEPAJIBHOI'O HAINOJIHUTEIIS
W 3alojIHUATeNII W3 JpoOJieHoro OeToHa Ha CBOMCTBAa MEJIKO3EPHUCTOTO
CaMOYIUIOTHSIIOIIET0oCsl OETOHA, NMPUMEHSIEMOI0 B MOHOJUTHOM CTPOMTEIIHCTBE
J71s1 OETOHUPOBAHUS I'yCTOAPMHUPOBAHHBIX JKEJI€300€TOHHBIX KOHCTPYKIIUM.

B xauecTBe CTPOUTEIBHOTO 0TXO0/1a IPUMEHSUIH TIBLUIH IPOOJICHOr0 OETOHA
(manmee — IIJIB) — TNBUICBUIHYIO COCTABJISAIONIYIO IIPOJYKTOB APOOJICHUS
«cTaporo» 0eToHa ¢ 3epHaMu pazmepom MeHee 0,16 MM: yaenbHas TOBEPXHOCTh
172 m?/xr, ucTUHHAA TWIOTHOCTH 2520 kr/M°, HachImHas MIOTHOCTH 1125 kr/m,
cpenHui auamerp yactun 13,8 MKM.

B wuccnemoBaHusix i NPUTOTOBJICHUS IEMEHTHBIX KOMIIO3UIIUM
U MEJIKO3CPHUCTBHIX OETOHHBIX CMECEHl HCMOJb30BaIU MOPTIAHAILIEMEHT
I[HEM 0 42,5H 3aBona «CebpsxoBllement»: aktuBHOCTh 50,6 MIla, HopmanbHas
I'yCTOTa LEMEHTHOTO TecTa 26,75 %, yaenbHas NOBEPXHOCTH 364 M%/KT, Havaso
cxBaTbhIBaHUs 135 MuH.

JIJist IpUTOTOBIIEHUSI OETOHHBIX CMECE B COCTABE MEJIKOIO 3alOJIHUTENS
MIPUMEH SN

— IPUPOJIHBIA KBapUEBbI IMECOK: MOAYJb KpymHOcTH 1,57, ucTUHHas
miaotHocTh 2650 kr/m3, HaceimHas moTtHocTh 1540 kr/m3, comepikanue
MBUICBUIHBIX U TIUHUCTHIX yactull 1,2 %, coaepskanue riauabl B koMmkax 0,1 %,
mycToTHOCTH 41,9 %);

— MIECOK U3 JPOOJICHOTO «CTaporo» OETOHA: MOJYJb KpymHOCTU 2,94,
nyctoTHOCTh 44,6 %, uctuHHas mwioTHOCTL 2500 kr/M3, HAchIIHAA MIOTHOCTH
1385 xr/m3, CoJiepKaHue MbUICBUAHBIX YacTull 9,7 %, BOIOMOTIIONIEHUE CMECH
dbpaknuii 1,25-5,0 mm — 12,2 %.

JIns macTuUIMpOBaHUs IEMEHTHBIX KOMITO3UIIUN U MEJIKO3EPHUCTHIX
OCTOHHBIX CMECEM TPUMEHSUIM  KOMIUIEKCHBIC  CyHepIuiacTU(UKATOPHI
Ha ocHOBE 3(upoB nonmkapookcunaTo (ganee — CII) B BUaE ®KUIKOTO MPOAYKTA:
[Tommmnact 1K u [omumnact I1IK tum R.

Ha nepBom stame wuccienoBaHuid ONPEAECSId ONTUMAIBHBIA PACXO]l
MMHEPAJILHOTO HAMOJHUTENS B COCTABE LIEMEHTHBIX KOMITO3UIMKI. {151 OLleHKH
BIUSHUAS  JIO3UPOBKUA TMbUIM  JpoOjeHoro OeToHa Ha  PacTeKaeMoCTh
U PEOJIOTUYECKHE CBOMCTBA IEMEHTHBIX KOMIO3UILIMK TOTOBWUJIM CYCIEH3UU
C OJIMHAKOBBIM BOJIOBSKYIIMM oOTHomeHueM B/Bsx =0,5 u pacxoaom
MUHEpaJibHOU 1006aBku ot 0 70 25 %.

Peonorudeckyro xapakTepUCTUKY [IEMEHTHBIX KOMITO3UIIMHN — MpeIeIbHbIe
HaNpsHKEHUsI CIBHMIa 7,, H/M? paccumTeiBanmu 1o (opmyJe, anpoOupOBaHHOIM
uccienoBarensamu [3; 4]:

7,=(hd?/kD?) p,
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rae h, d — BeIcOTa M AUMaMeTp MUIWHApPA COOTBETCTBEHHO, M; K = 2 (1o [3]);
D — nmuameTtp paciibiBa KOMIO3HUITUH, M; p — CPEIHSS TJIOTHOCTh KOMIIO3HUIINH,
KT/MC.

CBolicTBa IIEMEHTHBIX KOMIIO3MIIMM C MHUHEPAIbHOM W XUMHUUYECKOH
no0aBKaMU MIPUBEICHBI B TabuIie 1.

Tabmuna 1 — CBoiicTBa IEMEHTHBIX KOMIIO3UIIHH ¢ JoOaBKaMU

HaunmenoBanmue Jo3upoBka Hunametp Cpeusist IIpenenbHbie
1100aBOK n00aBoK, % PACILIBIBA, CM | IJIOTHOCTB, KI/M Hanpﬂn(eHm;
casura, H/m
be3 n106aBok — 15,7 1883 105.0
10,0 15,0 1890 95,5
IT1b 15,0 18,0 1884 82,7
25,0 15,3 1853 80,9
1,0 + 10,0 42,5 1869 13,0
??[IEEMT IIK + 1.0+ 15.0 3.0 s 26
1,0 + 25,0 43,5 1914 12,0

Bnusuue JO3HUPOBKH U B4 IIO6aBOK Ha IIPCACIbHBIC HAIIPAXKCHUS CABUIA
OCMCHTHBIX KOMHO3HHHﬁ IMPUBCACHLI HAa PUCYHKC 1.

120
100
20 l;-—_-_‘-—-—L.
60
40
20

5 10 15 20 25

Ipenenpuble HanpsHKeHus casura, H/m?

Hosuposka [1]1b, %

Pucynok 1 — Biustnue 103upoBKH U BU1a JOOABOK

Ha NPEEIbHBIC HAIIPSHKEHUS CIBUTA IEMEHTHBIX KOMITO3UIINI
1 — xomnozunust IIEM-IIIB, 2 — kommosurus [IEM+CIT+I1J1b
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BrInmonHeHHBbIE MCHBITAHUS TTOKa3aiad, 4yTo B Kommno3uuusax LHEMA+II/1b
C 3aMEHOM IIEMEHTAa TOHKOJHUCIEPCHBIM MHHEPAJIbHBIM  HAMOJHUTEIEM
HAOIOMAeTCsl HE3HAYUTEIHHOE CHIDKCHHE TMPEICTbHBIX HAMPSHKCHUN CHOBUTA.
B LleMEHTHBIX KOMIO3UIUAX [JIs1 CAMOYIUIOTHSIIOIIMXCS CMECEU, COAep Kallnux
cynepmiactudukatop (LIEM+CII+II/IB), xapakTepHo CyIIeCTBEHHOE MOHMKE-
HHUE HAIPSDKCHUW CIIBUTA, BBI3BIBAEMOE MPOCTPAHCTBEHHBIM OTTAJIKUBAHUEM
MUHEPaIbHBIX YACTHUIl B MPUCYTCTBUU 2PUPOB MOIUKapOOKcUnaToB. s Takux
KOMITO3UIIMA MaKCUMaJbHOE CHW)KEHHE HaNpsDKeHWM caBura 0e3 Mpu3HaKOB
BoZ0OTACHeHUS 3adukcupoBano nipu pacxose [1/1b B kommgectre 10 %.

Ha BTOpOM 3Tamne uccnenoBaHuil Uisi ONPEACIEHUST BIUSHUS MUHEPab-
Horo HanonHuTens [[JIb Ha cBOMCTBAa MEIKO3EPHUCTBHIX CaMOYIUIOTHSIOIIUXCS
OCTOHHBIX CMecCel TOTOBUJIM CMECH OJHOW Mapku Mo yA000YyKIaAbIBAEMOCTHU
PK1 (muametp pacrsiBa cmecu 55—-65 cm) o I'OCT P 59714-2021. Jo3upoBKy
MuHepanbHoU no6asku [1/1b BapsupoBanu B mpeaenax ot 7,5 no 12,5 % maccer
nemenTta. Pacxon cynepriacTu@uKaTtopoB MNPUHUMAIM Ha OCHOBE paHee
BBITIOJIHEHHBIX HccnenaoBanuil [4]. [lecok u3 npobiaeHoro 0eToHa B KOJIMYECTBE
20 % wucronp30BaiM B KayeCTBE YKPYHHSIOIICH M00aBKU IS ONTHMM3AIUH
IPAaHYJOMETPUN MEJKOro npupoaHoro mnecka [5]. CocTaB OETOHHBIX CMecei
npuUBEAEH B Tabauue 2.

Ta6muma 2 — CocTaB MEIIKO3EpPHUCTHIX OCTOHHBIX CMECEH

Pacxoy1 MaTepuanos Ha IM°, kT
m = = 2 o &
Buz cynep- = | a22g8 o | g2 (%8¢ E¢
S wiactuduraropa, % g 22 2 3 oo |8 22| EE
9 = w0 = =~
@) 5y =S o = Y o O3 o )
. 2 TElEge] BF
Sq = g o' =
1D |Homumaact IIK tum R 490 - 246 1127 282 4.9
2D | Homummact IIK tunm R 417 59 265 1095 275 4,8
3D | Iomumnact ITK 462 38 239 1121 280 8,0
4D | IMonumnact ITK 445 50 244 1108 277 7,9
5D | Iomumnact ITK 439 62 245 1124 281 8,0

XapakTep Habopa NIPOYHOCTH MEJKO3EPHUCTHIX OETOHOB B paHHUE
Y HOPMAaTHUBHBIC CPOKHU TBEPJICHHUS MPEIACTABICH HA PUCYHKE 2.

B Xxome wuccnenoBaHui yYCTAaHOBJIEHO, YTO JJISI  MEIKO3EPHHUCTOTO
CaMOYIUIOTHSIFOIIIETOCS OETOHA JO3MPOBKA TOHKOIUCIIEPCHOTO HAIOJIHHUTENS
OB JpoOJIeHOTOo OeToHa He Jo/bKHA mnpeBbimath 7,5 %. [lpu 3amene
NOpTIaHAIIEMEHTa MBUIBI0 ApoOsieHoro OeToHa B konmuectBe 12,5 % maxke
B TMPUCYTCTBUU dS(PPEKTUBHBIX CyNEpIuiacTU(PUKATOPOB BOJONOTPEOHOCTH
MEJIKO3EpHUCTON OCTOHHON CMECH TOBBIIIACTCS, YTO MPUBOAUT K MOHUKEHUIO
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NpOYHOCTH O€TOHa B paHHEM U MPOEKTHOM Bo3pacte. OnTuMuzanus
IPAHYyJOMETPUYECKOIO COCTaBa MPUPOJHOIO MEJIKOTO 3aIllOJIHHUTENS 33 CYET
NPUMEHEHUsT 3€peH JpOOJIEHOTO TMeCKa B ONTUMAJIBHOM  KOJHYECTBE
CIOCOOCTBYET (POPMUPOBAHUIO IJIOTHOW U TPOYHOM CTPYKTYpbI OETOHA.

40
O i e =, W
7, —

30

=

20

Z

IS TSN Y| S |

|
|
|
|
|
l
|
|
|

[Ipenen npo4yHOCTH TP CHKATHH,

5 10 15 20 25 30

Bospacr 6erona, cyT

Pucynok 2 — Xapakrep Habopa MpOYHOCTH CaMOYIUTOTHSIOIIUXCSI OETOHOB

¢ MuHepanbHoi no6aBkoii I1J1b
1D — 5D — cocraBsl OeToHa, MpUBEACHHBIC B TAOIHIIE 2

AHanu3 TNPOBEJNEHHBIX HCCIEAOBAHMM IOKa3aj, 4YTO IOBTOPHOE
UCIIOJIb30BaHNE MHUHEPAIBHOIO ChIpb U3 JPOOJIEHOTO «CTaporo» OeToHa IMpH
IIPOM3BOJICTBE MEIKO3EPHUCTHIX OETOHHBIX CMECEH, CHUKasl pacXo] IPUPOIHOTO
CBIPbS, TOBBIIIAET IKOJOTHYECKYI0 A(DPEKTUBHOCTh OETOHA W CIIOCOOCTBYET
Pa3BUTHIO YCTOWYUBBIX CTPOUTENBHBIX TEXHOJOTUH. DKOJIOTHYECKUU 3(DPEexT,
NOMUMO PELUKJIMHIAa CTPOMUTENbHBIX OTXOJOB, JOCTUTAeTCs W 3a CYeT
MIPUMEHEHUS TEXHOJIOTMM CAMOYIUIOTHSAIOIIMXCS CMeced [6], MCKIIoYaromen
HEraTUBHOE BO3/EHCTBHE BUOpalMy Ha paboyuX, a TAKXKE IIymMa Ha HaceJeHHe,
ITPOKUBAIOIIEE PSIIOM CO CTPOUTEIBHOM TUIOIIAIKOM.
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BJIMAHUE 24-3IIUKACTACTEPOHA U EI'O KOHBIOT'ATOB
C KUCJIOTAMHU HA MOPOOMETPUYECKUE ITOKA3ATEJIN
TUMO®EEBKH JIYTOBOM B BETETAIIMOHHOM
JJABOPATOPHOM 3KCIIEPUMEHTE

N3BecTHO, 4TO OpacCCMHOCTEPOUAbl CTUMYJIUPYIOT €CTECTBEHHBIE 3alllUT-
HbI€ CHWJIbl PACTUTENBHOIO OpPraHu3Ma, IMOBBILAIOT (POTOCHHTETUYECKYIO
U aHaOOJMYECKYI0 AaKTUBHOCTb, YIIYyYIIAIOT MPUCIOCOOUTENbHBIE PEaKIUU
u nMMyHHBIM cTtatyc [1]. B pamkax HUP «Ouenka BIMSHUS OPHUPOIHBIX
OpacCHHOCTEPOUJIOB U UX KOHBIOTaTOB C KHCIOTaMU Ha MOP(POMETpUUYECKUE
1 (pU3noNoro-0MOXMMHUYECKHE MapaMeTpPbl CEIbCKOXO3SUCTBEHHBIX U JIEKOpa-
TUBHBIX  pAaCTEHUW» HaMH  HCcleqyeTcsi OuoJoruyeckas aKTHUBHOCTD
24->nMKacTacTepoOHa U €ro HOBOCHHTE3UPOBAHHBIX KOHBIOIAaTOB C KUCJIOTAMHU
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Ha Kynbrype tHModeeBku myroBoit (Phleum pratense L.). Tak, u3yudeHo
pocTperyiaupymomiee  AedcTBue  24-3MHMKAcTacTepOHa,  2-MOHOCAJIUIMIIATA
24-smMKacTacTepoHa,  TeTpauHIONWIaneTara  24-snukacractepoHa  [2],
TeTpacyKiuHaTa 24-3nukactactepoHa [3], mpoTekropHas  aKTHBHOCTb
24->nMKacTacTepoHa W TeTpauHJoJUaneTaTa 24-3MuKacTacTepoHa B OTHOIIIe-
HUM TOKCHYECKOTO JICHCTBUS MOHOB CBHHIIA [4].

Lens HacTosiel pabOThI — OLIEHKA BIUSHUSA 24-3MUKacTacTepoHa (janee —
OK), Tterpaunnonmunanerara 24-snukactactepoHa (S31) u TeTpacyKIMHaTa
24-snukactacrepona (S439) na mopdomMerpudeckre MokazaTeau TUMO(PEEBKH
JyroBoil copra benopycckas MecTHas B YCIOBUSX BEreTallMOHHOTO
71a00paTOPHOTO AKCIEPUMEHTA.

Hccnenyemble CTEpOUAHBIE COEIMHEHUS MTOIYYEHBI B 1a00OPATOPUU XUMUU
crepouioB MHcTuTyTa OMOOpraHumdyeckod xumuu HamumoHanbHOW akagemuun
nayk Benapycu. Mccnenosano neiictsue DK B koHnenTpanuax 1011 Mu 107 M,
S31 B konuentpanuu 108 M, S439 B kornenrpamusax 10 M u 10" M. Jlannsie
KOHLIEHTPAlMu CTEPOUIHBIX COEAMHEHUI MOKa3ajld HauOOJIbIIYI0 aKTHBHOCTH
B paHee MPOBEIECHHOM J1a00paTOPHOM 3KCIIEPUMEHTE.

C uenpio MpeAnoceBHOW 00pabOTKM CeMEHa 3aMayuBalidi B PacTBOpax
CTEPOUIHBIX COCTMHEHUM YKa3aHHBIX BBIIIE KOHIIEHTPAIMM MO0 B BOjE (KOHT--
pOJIb) B T€UEHHUE 5 4acoB, MOCJIE YETO BHICAYKUBAJIN B TIOYBOIPYHT B IJTACTUKOBHIE
KoHTelHeps! (o 50 ceMsiH) U BhIpAIIMBAIIM B TAOOPATOPHBIX yCIOBUSIX BEreTa-
IIUOHHOTO 3KcnepuMeHTa. [ToBTOpHOCTE omnbiTa yeTbipexkpaTtHasd. Ha 8-e cyTku
HKCIIEPUMEHTA ONPENeNsUId JJIMHY KOpHSA, JUIMHY To0era IpOpOCTKOB
TUMO(EEBKH, CHIPYIO Maccy nodero. Cyxyro Maccy MoOeroB onpeessiif mocie
WX BBICYIIMBAaHHUA TPU KOMHATHOMW TEMIEpaType B TeUeHHE IBYX HEElb.
Cratuctuyeckyro 0OpabOTKy JaHHBIX MpoBOAWIM 10 Pokuikomy [5]
C MCIOJIb30BaHUEM CTaHAAPTHOTO MakeTa JaHHbIX mporpammbl Microsoft Excel.

[TonyyeHHble JaHHBIE PUBEICHBI B TAOJIULIE.

Tabnuma — Bousare 24-3nukacTacTepoHa U €ro KOHbIOraTOB ¢ KMCIIOTaMHU
Ha Mop(doMeTprUUYeCKHe TToOKa3aTeIu TUMO(EEBKH JIyrOBOM B BEreTallMOHHOM
71a00paTOPHOM PKCIICPHUMEHTE

Bapuant Jnuna xopHsi, | JlnuHa mobera, CrIpas macca, Cyxas macca,
OITBITA MM MM Mo0Oeros, T 1mo0eros, T
KoHTpob 2220+ 1,20 34,50 £2.92 0,0082 +0,0012 | 0,0008 £+ 0,0001
DK, 101t M 31,22 £ 1,74*** 52,90 + 1,96*** | 0,0138 £0,0016* | 0,0012 + 0,0001*
DK, 10’ M 28,39 +2.37* | 60,32 +2,54*** | 0,0140 + 0,0012* [0,0014 + 0,0001**
S31,10°M 27,41 £ 1,41%*| 48,47+ 1,73*** | 0,0128 £ 0,0009* [0,0015 £ 0,0001**
S439, 101 M | 25,67+ 1,65 |56,03+ 1,79%** |0,0122 + 0,0005% |0,0011 +0,0001
S439, 10’ M 20,11 £2,85 156,40+ 2,71*%** |0,0141 £ 0,0009* | 0,0013 £+ 0,0002

[Tpumeuanue — * — moctoepro mpu P < 0,05; ** —mpu P <0,01; *** —mpu P <0,001.
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OK [1eMOHCTpHUpYET CTAaTUCTUYECKH JOCTOBEPHBIM CTUMYIUPYIOUIUN
3¢¢deKT B OTHOIICHHWH BCEX H3YYaeMbIX MOpP(OMETpUUYECKUX TMOKa3aTesei
TuMOQeeBKU JyroBoil. bompmmit ctumymnupyrommii 3gdext DK oTmeuaercs
B KoHLeHTpauu 107" M. B 1aHHOM BapHaHTe OIBITA YBEIMYEHHE [TOKA3ATENs
JUTMHBI KOpHsI cocTaBisieT 27,9 % mo cpaBHEHHIO C KOHTPOJIEM, YBEIUYECHHE
nuHbl mobdera — 74,8 %, yBenmuueHwe cpipoit maccel moderoB — 70,7 %,
yBeJIMUEHHUE Cyx0il Macchl moderos — 75,0 %.

S31 B KOHIIEHTpaLUHUH 108 M Takxe MPOSIBJISIET CTAaTUCTUYECKHU
JIOCTOBEPHBIN CTUMYIUPYIOIMMI 3(P(HEeKT B OTHOLIEHHWH BCEX H3YyYaeMbIX
MOp(QOMETPUYECKUX TOKazaTenel TUMOQeeBKH JTyroBoi. B maHHOM BapuaHte
OTIbITa yBEJIMYEHHUE MMOKa3aTeNsl AIMHBI KOPHS cocTaBisieT 23,5 % 1o cpaBHEHUIO
C KOHTpoOJeM, yBenndeHue JmHbl modera — 40,5 %, yBennueHue Chpoil Macchl
noberos — 56,1 %, yBenudenune cyxoi Macchel mooderos — 87,5 %.

S439 B konmenTpanumu 107'M ymeHbmaer anuHy KopHS Ha 9.4 %
[0 CPAaBHEHHUIO C KOHTPOJIEM. B OTHOIIEHUH OCTaJIbHBIX HU3YyYEHHBIX MOPQO-
METPUYECKUX IOKa3zaTelied B SKCIEPUMEHTE HaOJI0aeTCd CTUMYJIUPYIOIIHIA
abdext. CTaTUCTUUECKH JOCTOBEPHBIM SBJISCTCS YBEIMYECHHE JJIUHBI MMOOera
U YBEITMYCHHE CHIPOI Macchl 00eroB noj aeiicteueM S439. bonbimmm s pexrom
B OTHOUIIEHUM JAHHBIX IOKa3areyel xapakrepusyercs S439 B KOHUEHTpauuu
107 M. B pgaHHOM BapHMaHTe OINbITA YBEIMYEHHE IOKa3aTels IIMHBI mmodera
coctaBisieT 63,5 % 1Mo CpaBHEHHIO C KOHTPOJIEM, YBEIMYEHUE CHIPOM MaCChI
mooeros — 72,0 %.

Takum  oOpa3oMm, TPOBEIEHHOE  HCCIENOBAaHUE  IOKA3ajlo, YTO
24->TIMKacTacTepPOH M €ro KOHBIOTaThl ¢ KHCIOTaMU MPOSIBISIOT CTUMYJIHPYIO-
il 3p¢GeKT B OTHOIIEHHMH MOP(HOMETPUYECKUX MOKa3aTeiaeil TUMO(eeBKH
JyroBoil copta bemopycckas MecTHasi, 4TO MPOSBISIETCS B YBEIMUYECHUH JIJTUHBI
KOpHS, JJIMHBI To0Oera, ChbIpod M cyxod Maccel mobderoB. Ilo cpaBHeHHIO
CO CBOMMM KOHBIOTaTaMH, JIEUCTBHE 24-3MHKACTACTEPOHA XAPAKTEPU3YETCA
Oonpmiel  3(QQPEeKTUBHOCTBIO,  MOCKOJBKY  MpeArnoceBHas  oOpaboTka
24-31IMKaCcTacTEepOHOM CIHOCOOCTBYET OOJIBIIEMY TIPUPOCTY JUIMHBI KOPHS
U JUTMHBI o0era pacTeHU TUMO(EEBKH.

Paboma evinonsnena 6 pamxax HUP «Oyenka 6ausnus npupooHbvlx
OpaccuHocmepoudo8 U Ux KOHbI02AmMO8 C KUCIOMAMU HA MOpghomempuyecKue
U Qusuonozo-ouoxumulecKue napamempol CeilbCKOXO3AUCMBEHHbIX U 0eKopa-
MUBHBIX pacmeHuuy noonpozpammvl 2.3 «Xumuueckue OCHO8bL NpOYECCo8
orcusnedesmenvHocmu  (buoopexumus)y T'IIHU  «Xumuueckue npoyecceol,
peazeHmvl u mexuoo2uu, buopecyaamopst u ouoopexumusy na 2021-2025 ze.
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O EHKA ASPAJIBHOTI'O 3AT'PA3HEHUA
IHOTEHIHUAJIBHO TOKCHYHbIMMU 2JIEMEHTAMMN
JIECHBIX 9KOCHUCTEM IOTI'O-3AITAIA BEJIAPYCH
METOAOM CO®AT'HOBBIX JIOBYHIEK

JIist ydeTa a’pajpbHOTO 3arpsi3HCHUS B IMOCICHAHEE JECATHICTHE B MHUPE
MPUMEHSIOTCS METOJIbI OpHOMHAMKAIIMK. biaromapss MIMpPOKOMY pachpocTpa-
HEHHUIO, HU3KOM CTOMMOCTH M BBICOKOM aJCOpPOIIMOHHOM CHOCOOHOCTH
3arps3HSIONINX BEMICCTB, HA3eMHBIC MXHU UCITOJIB3YIOTCS Yallle PYTUX COPOCHTOB
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B MOHHUTOPUHIOBBIX HCCIEAOBAHMIX 3arps3HEHHs MOTEHIMATBHO TOKCUYHBIMU
anemerTamu (nanee — [1TD) armocheprr B EC [1], Poccun [2] u benapycu [3]
JUTSl OLEHKH JI0ATOCPOYHBIX U IPOCTPAHCTBEHHBIX TEHAEHIUH.

OnHoit M3 0OCOOEHHOCTEH MXOB SIBJISIETCS CIOCOOHOCTH IOTJIOHIATh
BEII[ECTBA BCEH MOBEPXHOCTHIO HEMOCPEACTBEHHO U3 aTMOC(EphI, OTpakasi TeM
caMbIM XMMHUYECKHI COCTaB OKpyxaroueil cpenpl. Hakonnenue 11TD Mxamu
3aBUCHT OT CTENEHU U COCTaBa 3arpsi3HEHUS, MPOAOJKUTEIBHOCTHA BO3IEHCTBUS
3arpsi3HUTENS, COPOLMOHHOM €MKOCTH MXOB, OCOOCHHOCTEH KJIETOYHOMU
MeMOpaHBI.

Meron OpHOMHIMKAIIMKM HAIIEd MIHUPOKOE MPUMEHEHHE B HMMIIAKTHOM
MOHUTOPUHIE JIOKAJIBHOTO YpOBHS. B oTiMuMe OT MMPOKO NpPUMEHSIEMOM
B 3KOMOHHMTOPHUHI€ JINXEHOMHAMKALMU, METOJ C HCIOJIb30BAHHEM MOXOBBIX
JOBYIIEK [4] MO3BOJISIET NPOBOAUTH MCCIICIOBAHUS HE TOJBKO HA MOCTOSHHBIX
IVIOIIAKaX M MOJENBbHBIX  JIEpEBbAX, HO M HAa  TEMIIOPAJIbHBIX
HKCIIEPUMEHTAJIbHBIX ITUIOIIAJKaX, COKpamas BpeMs HaOmoaeHuil. Ilpu stom
akkymyssimus [ITO y MXOB MeHee 3aBUCUT OT KIMMAaTHYECKUX YCIOBUW, YEM
y JUmaiHUKOB. [lepCleKTUBHBIM TECT-O0BEKTOM M3YYEHHS a’pajbHOro
3arpsi3HEHUS SIBIIACTCS JTUCTOCTEOCIBbHBIN MOX poja cdaraym (Sphagnum L.) [5].

MoHUTOPUHT aTMOC(EPHOr0 BO3AyXa B JIECHBIX 3KOCHCTEMaX OCOOEHHO
BaXkeH JUIs1 bpectckoit obnactu, yuuThiBas ee 0Ju30CcTh K Tpanulle ¢ [lonpmeit
U YKpauHOW, YTO JEJIAET PETHUOH YSI3BUMBIM K TPAHCTPAHUYHOMY IEPEHOCY
3arpsI3HUTENEH.

Henab uccaenoBaHus — OLICHUTH a3pajbHOE 3arpsA3HEHUE MOTEHIMAIBHO
TOKCUYHBIMM  3JIEMEHTaMH JIECHBIX 3KOCHCTEM Ioro-zamajga bemapycu
C MCIOJIb30BaHUEM C(arHOBBIX JIOBYLIEK.

Marepuanbl u mMeroabl. /(g aHamm3a ajdpanbHOro 3arpsizHeHus I11TO
JECHBIX 3KocucTeM toro-3anana benapycu (bpectckuii, Manoputckuii u
KoGpunckuii paiionsl) Obuto yctaHoBieHo (17.04.2024) wmects OJ0KOB
c(harHOBBIX JIOBYIIEK IO OOIIEMYy HaMpaBJICHUIO 3amaj-BOCTOK C IIarom
B 14-17 xm. Takum 006pa3zom, oOIias MPOTSHKEHHOCTh TPAHCEKThI COCTaBHIIA
6onee 70 kM. B Toukax ycTaHOBKHM JIOBYIIEK ObLIA OTOOpaHbI 0Opa3Ilbl MOYB,
KOpBI, JINCTHEB MHAMKATOPHBIX BUIOB (COCHA M MajuHA) JUIsl MOCIEAYIOLIErO
MHUKpPOXHMHUYECKoro aHamu3sa. [locie Tpex mecsues skcnozunuu (17.07.2024)
JIOBYIIKM OBUTM CHSTHI, MPOBEAEHA MPOOOMOATrOTOBKAa 00pa3loB cdarHyma
(61 mt.) [6] ¥ X MUKPOXUMHUYCCKUIN aHAIIH3.

[IpoOonoAroToBKa pacTUTEILHOIO MaTepHraia Juisl SJIEMEHTHOTO aHaIu3a
npoBoguiack cormacHo ['OCT 26929-94 «Ceippe U MOPOIYKTHI MHUIIEBBIE.
[ToaroToBka npo6. Munepanu3anus s onpeaesieHus coepKaHusi TOKCHYHBIX
aneMeHTOB» [7]. st aToro pacturenbHbIC MPOOBI CHAayYala W3MEIbYAIHCh
Ha OTpe3ku 1-3 cM, 3aTeM BBICYIIMBAIMCH JO BO3JIYIIHO-CYXOI'O COCTOSIHHS
B CyIIMJIbHOM 1Kady mpu remneparype 65 °C.
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[locne BbICyIIMBaHUS BO3AYLIIHO-CYXyI0 Npo0y pa3MajblBald Ha
71a00paTOPHOI MENTBHULIE U MPOCEUBAIIU YEPE3 CUTO C OTBEPCTUSAMU TUAMETPOM
1mM. Ha cnenyromem 3rtane NOpOU3BOAMIM MOKPYK) MHHEPATU3ALMIO
B MUKpPOBOJIHOBOU nieun. AHaim3 npousBoawics no I'OCT 30538-97 «IIpoaykTsl
nuiieBble. MeToauka  OmpesiesieHdss TOKCHUYHBIX — DJIEMEHTOB ~ aTOMHO-
HYMUCCUOHHBIM METOAOM» [8] C MOMOIIbIO ATOMHO-PMUCCUOHHOTO CIIEKTPOMETpa
¢ MHIYKTUBHO-cBsi3aHHOM miiazmoit 1ICAP 7200 ICP-AESDUO (mpou3sBojcTBa
Thermo Scientific). CopepkaHue XUMUYECKHUX DJIIEMEHTOB  BBIPAXKAJIH
B MUWJUIUTpaMMax Ha KWJIOTPaMM BO3YIIHO-CYXOT'O pacTUTEIHLHOTO MaTepuara.
B u3BiedeHHOM U3 a’posoBylIEK charnyme, a Takke B cparHyMe KOHTPOJIbHBIX
a’pOJIOBYLIEK NPOBOAWIICS XUMUYECKUWA aHaNIW3 coiep:kaHus 13 3jeMeHTOB
(Co, Cr, Cu, Cd, Fe, Mn, Mo, Ni, Pb, Sb, Sn, V u Zn), a taxxxe As u Se.

PesyabTarbl M oOcy:xaeHue. I'paduk aHanmu3a TJIABHBIX KOMIIOHEHT
JUIS. HAKOIUICHMSI DJIEMEHTOB B C()arHOBBIX JIOBYIIKAX OIMCHIBAET OKOJIO
60 % obmero BapprpoBanus (ock Ne 1 — 38,1 %, ocs Ne 2 — 21,8 %) (pucyHOK).

1.0 05 0.0 05 1.0
Dim1 (38.1%)

Pucynok 1 — I'paduk 3aBucumoctu cogepxxanusi TM u ux cymmsl (Sum)
B c(harHOBBIX JIOBYIIKAaX B MPOCTpaHCTBE ABYX (pakTopoB (PCA)

MoxHO BbIJICJIUTH HECKOJIBKO accoluanui, ONHMCHIBAEMBIX
COOTBETCTBYIOIIMMU CIIEHAPUAMU: MepBas acconuanus BkiaodaeT Zn, Cd, Mn
U 00yCIIOBJIEHA TJABHBIM 0O0pa30M MOCTYIUICHUEM C FO)KHOTO HampaBJICHMS.
[Tpudem k03P GUTTMEHTHI KOPPEISITUN MEXTy TaHHBIMU AJIEMEHTAMH JI0BOJIHHO
BBICOKH (BapbupytoT oT 0,6 10 0,78) ¥ CTATUCTUYECKU 3HAYUMBI. Sb TaeT CXOXKHIA
BKJIaJl B TJIaBHbIE KOMIIOHEHTHI, YTO MOXET YyKa3blBaThb HA HAJWYUE OOIIUX
HMCTOYHUKOB WK (PaKTOPOB, BIUSIIONINX HA €€ paCTIpeIeTICHUE U paCTIPEICICHIE
METaJIOB NIEPBOU aCCOLMALIUU.
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Opnako cnabasi koppensuuss Mexay Sb W ApyruMH  3leMeHTaMu
MPEAosaraeT, YT0 MEXaHU3MbI UX IMOBECHUS Pa3TUIar0OTCS.

Bropas rpynma Bxmowaer Se, Sn, Ti u xapakTepu3yeTcs BBICOKON
KOPPEJSIIIMOHHON CBA3BIO KaK MEXJY OTAETbHBIMU diieMeHTamu: — Sn-Se (0,7),
Ti-Se (0,7), Sn-Pb (0,8), Tak u ¢ cymmapHbIM HakomieHHeM TM B c(harHoBBIX
joBymkax (Sum), a Takxke c¢ Pb, oOpasys KoppensluOHHBIE CBSI3M CpenHEei
cuibl (0,45-0,66). [TogoOHBINM BKJIa/A B IIaBHBIE KOMITIOHEHTHI HaOmogaeTcs y Ni,
OJIHAKO, Kak M B ciaydae Sb ¢ mepBod accomuanuend, pedb HAET TOIBKO
O TEeHJICHIIUU.

Tperbst rpymnma sneMenToB Bkitodaer B cedsa Co, Cr, Mo, V, naHHble
AJIIEMEHTBI TAKKEe BHOCAT CXOXKHM MEXIy cOo00i BKJIAJ] B TJIaBHbIE KOMIIOHEHTHI,
YTO TMI03BOJIAECT JIeJaTh MPEANOJIOKEHHEe 00 HUX CXOXEM IOBEJIECHUHU, YTO
MOATBEP)KIACTCS BBICOKOW KOPPEISAIMOHHON CBS3BI0 MEXAY JJIEMCHTAMH,
kotopeie BappupyroT oT 0,56 (Cr-Co) mo 0,89 (Cr-V), momoOHBIN BKIaA
HaOmoaercs Takxe ot Cu, KoTopasi, Kak U B ciydae ¢ Sb u Ni, SBJISIETCS CXOXKeH
0 TTOBEJICHUIO C PSAOM HAXOJSAIIEHCS acCOLMAlUe, a TAK)Ke XapaKTepus3yercs
IIPOTHUBOITIOJIOKHBIM Sb TTOBEJICHNUEM, UTO IMMOATBEP)KIACTCS JOCTATOYHO CHITHLHOM
CTATUCTUYECKHU 3HAYUMOM OTPHUIATEIIbHONU KOPPEIAMOHHOM CcBsi3bi0 —0,65.

YerBeproii rpynmnoil anemeHToB sBisitoTcs As u Fe (0,59), mpu stom
JTaHHAsl TPYIINa 3JIEMEHTOB TOMAapHO cBsi3aHa ¢ Mo u V TpeTbeil Tpynibl, 4TO
JTIOKa3bIBAIOT BHICOKHE CTATUCTHYECKU 3HAYUMBIC KOPPEISAIMOHHBIC 3HAYCHMS:
Mo-As (0,70) u Fe-V (0,87). Dta rpynna Takke MMEET MPOTUBOMOJIOKHBIN
AJIEMEHTaM TIePBOM acCOIMAIlMU BKJIAJ B KOMIIOHEHTBI, UTO MOYXET yKa3bIBaTh
Ha pa3juyKe B HICTOYHUKAX MOCTYIUICHUS JAHHBIX SJIEMEHTOB B BO3IyX, & TAKKE
0 pa3IMYUSAX B UX COPOIMU M MYTAX MepeHoca. HekoTopeie 3eMeHTh BTOPOH
u tpetheit rpymmsl — Cr-Ti, Co-Ti, Cr-Sn (0,80; 0,70 u 0,61 cOOTBETCTBEHHO) —
TaK)K€ KOPPEISIMOHHO CBS3aHBI MEXKIY COOOM, YTO IIO3BOJIAET CHENaTh
MIPEANOJIOKEHUE 00 OJMHAKOBOM IPOMCXOXKJICHUH aTMOC(HEPHBIX BHIOPOCOB
JAHHBIX JJIECMEHTOB.

3akirouenue. [lonyyeHHble HAMHU JaHHBIE TIO BBISIBJICHUIO aCCOIUMAIIUI
[ITD B arMoc(epHbIX BbIOpOCaX METOJIOM C(PArHOBbIX JOBYLIEK MOTYEPKUBAIOT
3HAYMMOCTh MXOB KaK YYBCTBUTEIBHBIX OMOMHIUKATOPOB, KOTOPHIE CIIOCOOHBI
aKKyMYJUPOBaTh JaXXe HHU3KHE KOHIICHTPAIIMHM DJEMEHTOB M OTpaXkaTh Kak
JIOKaJbHBIC, TAK U TPAHCTPAHUYHBIC UCTOYHHUKH 3arPSI3HCHUS.
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K conepxkanuio

YK 57.054:0.84

O. B. KOP3IOK
benapycs, bpect, bpl'y umenn A. C. [lymkuna

COPTOCHHEIM®UYHASA PEAKIIUA AMAPAHTA
TPEXHBETHOI'O HA IIPUMEHEHHUE JITMKACTACTEPOHA
N EI'O KOHBIOTATOB C KHCJIOTAMM

HeGnaronpusiTHast 3KOJOTHMYECKass CHUTyallsl OKpPYXalomel Cpembl
IPUBOJUT K HEKEJIATEJBHBIM MOCHEACTBUSM, U MO3TOMY B IMOCJIEIHEE BPEMS
JUIS. TIOBBIICHUS MPOAYKTUBHOCTH CEIIbCKOXO3SIMCTBEHHBIX M JIEKOPATUBHBIX
KyJbTYp TIPUMEHSIOTCS PETYJISTOPhl pOCTa pacTeHWH Kiacca OpaccuHO-
CTEPOUIOB. OTHU COEAUHEHHS UMEIOT NPUPOJHYIO CTPYKTYpPYy, IIHPOKO
PacIpOCTPAHEHBI B PACTUTEIBHOM MUPE, SIBJISIFOTCS] IPUBBIYHBIMU JJ1S1 UEJIOBEKA
U CIIOCOOCTBYIOT TAPMOHUYHOMY POCTY M Pa3BUTHIO PACTEHUN HA BCEX CTAIMSIX
oHTOreHesa [1].
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AMapaHT SIBJISIETCSI B HACTOSIIIEE BpeMs MEPCHEKTHUBHON CEIbCKOXO03SIH-
CTBEHHOH KYJIBTYpPOH, T.K. 00JamaeT BBICOKOW OHOJIOTHYECKOW MPOTyKTHB-
HOCThIO (Oaronapsi BBICOKOMY coOJAep:KaHHMIO Oeka, cOaJaHCHPOBAHHOTO IIO
HE3aMEHUMBIM aMUHOKHCIIOTaM, a TaKXKe COAEP>KaHUI0 OMOJIOTMYECKH aKTUBHBIX
BEIIECTB, IEKTUHA, MACE), IKOJIOIMUYECKOU TIIACTUYHOCTHIO U UCKITIOUUTEIbHBIM
aJlalTUBHBIM TOTEHIIMAJIOM, 00€CIIEUNBAIOIINM IIMPOKOE PACIHPOCTPAHEHUE ITOM
KYJIbTYphl B pasianuHbiX ycinoBusix [2; 3]. CeromHs aMapaHT BO3POXKIACTCS
HE TOJBKO Kak IIeHHas MUIIEBasl KyJabTypa, HO U KakK JCKOPATUBHOE PACTEHUE
U B KauecTBe pacteHus-cuaepara. OOnamas TakKUMH IEHHBIMH KadecTBamH,
amMapaHT BXOJIUT B YUCJIO pacTeHUN Hanbosiee MepCueKTUBHBIX JIsl UHTPO Iy KIIUU
Ha HOBbIX Tepputopusix [4]. KoMmruiekcHbI MOAXOJ K HM3YYCHUIO BIHUSHUSA
PEryJIsTOpOB pocTa Ha MOP(POMETPUYECKHE MapaMeTpbl PAcTEeHUl amapaHTa
TPEXI[BETHOT'O PA3JIMYHBIX COPTOB MO3BOJIUT PEIIUTh BOMIPOCHI, KOTOPHIE CBSI3aHbBI
C TIOBBIIIIEHUEM TTPOYKTUBHOCTH W aalTaIlK TaHHON KYJIbTYPHI.

[lenbto uccienoBaHus SBISIACH OLICHKA BIUSHUS KOHBIOTATOB AIUKACTa-
CTEpOHA C KHUCIOTaMU Ha MOp(POMETpUUECKHE MapaMeTpbl aMapaHTa TPEXIIBET-
HOTO copTta bpasunbsckuii kapHaBan u MimroMuHanus B 1a00paTOPHBIX YCIOBHUSX.

OObexTaMu UCCIeA0BaHUM Iy OpaccuHoctepouibl (nanee — bC) —
24-snmkactactepon (OK)  u®  ero  KOHBIOraTbl  2-MOHOCAJMIMIAT
24-snukactacrepoHa (S23), TerpauHpoamianeTat 24-smukacractepona (S31),
CUHTE3UpPOBaHHbIE B  JIa0OpaTopuud  XUMHHM  cTepouzoB  MHcTuTyTa
ounooprannyeckor xumun HAH benapycu.

['opMoOHBI OBLTM MPOTECTUPOBAHBI HA KYJIbTYpEe aMapaHT TPEXIIBETHBIN
(Amaranthus tricolor L.) copra bpa3sunbckuit kapaaBan u MmomuHams.

JIsi OLEHKHM BIUSHHUS KOHBIOTAaTOB TMPHUPOAHBIX OpPacCHHOCTEPOUIOB
C KHCJIOTaMHM Ha MOpP(OMETPUYECKHE MapamMeTpbl pocTa COPTOB amapaHTa
TPEXIIBETHOTO OBLIIM UCIIOIb30BaHbI CJICAYIOIINE BApUAHTHI OIbITA!

1) Boxa (KOHTPOJIB);

2) OK ¢ xonuentpanueii 10711 - 107" M;

3) S23 ¢ xonuentpanueit 1011 — 107" M;

4) S31 ¢ konuenrpanueit 101 —107M.

ITpopamuBanue npooawin corjacHo 'OCT 24933.0-81 [5]. Bce onbITh
MIPOBOJIMIIMCH B YETHIPEXKpaTHOM moBTopHOCTH. Ha 10-€ CyTKM ObLIO MpOBEIEHO
UCCIIeI0BaHNEe MOP(POMETPUUYECKUX MApaMETPOB PACTEHUN amMapaHTa TPEXIIBET-
HOTO (CpeaHsis JyIMHA KOpHEH 1 T0OETOB) UCTIOIB30BAHHBIX BAPHUAHTOB OIIBITA.

Cratuctuyeckyro oOpabOTKy BCEX MOJIYYEHHBIX pe3yJIbTaTOB MPOBOIUIIN
10 OOILIETIPUHSITHIM METOIMKAM OHMOJIOTUYECKON CTAaTUCTUKH.

[IpoBeneHHble HCCIEOBAaHUS TOKa3aid, 4To JedcTBHe pacTtBopa OK
B koHueHTpaiusax 10711-10®°M mnpuBoaunu K yBeNMYEHMIO UIMHBI KOpPHS
U robera aMapaHTa TPEXLBETHOr0 copTa bpa3uiibckuil KapHaBall 0 CpaBHEHUIO
C KOHTPOJIbHBIMU PACTEHUSIMHU.
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3HAUNTENbHOE YBEIWYEHUE JUTMHBI KOpHS W moOera ObUIO JTOCTUTHYTO
npu AeicTBUM Ha pacTeHus DK B KOHIEHTpalUU 10* M. Tak, nnuHa KOpPHA
yBenmumiack Ha 39,9 % (pucynok 1), a mobera — Ha 14, % (pucyHok 2).
Bozneiicteue 9K B KOHILIEHTpalUU 108 M Taxxe MPUBOJAWIO K YBEJIUYEHHIO
JUTUHBI KOpHS ¥ noOera. [lo cpaBHEHHIO ¢ KOHTPOJIBHBIM OIBITOM JIJIMHA KOPHSI
yBenuumiiach Ha 37 %, a nmo6era Ha 8,6 %. [Ipu BoznelicTBuu Ha pacteHue DK
B KoHUeHTpanuu 107" M Ha6momanoch yMeHbUICHHE JUIMHBI CTEOIS U KOPHS
Ha 26,8 1 24,7 % cOOTBETCTBEHHO.

04 80

60

-26,8

PI/ICYHOK 1 — Bausiaue OIIMKACTACTCPOHA U €TO KOHBIOI'aTOB Ha JJIMHY KOPHA
aMapaHTa TPCXIBCTHOI'O COpTa BpaSI/IJ'IBCKI/Iﬁ KapHaBaJl, % OTHOCHTEIBLHO

KOHTPOJIA:
1-5-2K, 10107 M; 6-10 - S23, 10 ' M - 10" M;
11-15-S31,10*M-10"M
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Pucynok 2 — BimsiHue snukacTacTepoHa U €ro KOHbIOraToB Ha JUIMHY mo0era
amapaHTa TPEXI[BETHOro copTa bpa3uibckuii kKapHaBall, IPOUEHT OTHOCUTEIBHO

KOHTPOJIS:
1-5-9K, 101~ 107 M; 6-10 - S23, 10 *M - 10" M;
11-15-S31, 10 "M -10"'M
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IIpu oOpaboTke ceMsiH pacTBOpoM S23 W JajbHEHIIEM NpOopallMBaHUU
y pacTe€HUH JAAHHOTO COpPTa HAOIIOAAIOCH YBEIMYEHUE JJIMHBI KOPHS BO BCEX
BapuaHTax onblTa (pucyHoK 1), [nuHa mo0era TakXke YBEJINYWIACH,
HO B HEKOTOPBIX Ciyyasx HaOJI0Ja’loCh HE3HAUYUTEIbHOE YMEHBIIEHUE €ro
JUTMHBI 110 CPABHEHUIO C KOHTPOJIbHBIMU pacTeHUsAMHU (pucyHoK 2). JleiictBue S23
B koHueHtpamuu 107°M  mpuBeno k  HamGOJBIIEMY — M3MEHEHHIO
MOP(QOMETPUYECKUX MapaMETpPOB pacTeHusi copra bpasunbckuil KapHaBa.
JlnmuHa kopHs yBenuuuiiach Ha 68,4 %, a mobera Ha 12,9 %.

[Ipu oOpaboTke cemsiH pacTBOpoM KoHbiorata S31 u nanpHeIemM
pPOpalIMBAaHUU Y pacTeHUN HAOJIONANOCh YBETUYEHHUE JUIMHBI KOPHSI BO BCEX
BapHaHTax omnbiTa (pucyHok 1), nnaumHa mo0era TakXke YBEIWYHIIACH,
HO B HEKOTOPBIX CiIy4asx HaOII0JanioCch HE3HAYUTEIBHOE YMEHBIIEHHE €ro
JUTMHBI TI0 CPAaBHEHUIO ¢ KOHTpoJsieM (pucyHok 2). IIpu Bo3aeiicTBuM pacTBOpa
S31 B konuentpamuu 10°M mmmna xopHsa ysenmumnack Ha 42,3 %, a moGera
Ha 3,8 % 1O CpaBHEHUIO C KOHTPOJBHBIMU oOpaszuamu. OOpaboTka ceMsiH
pacteopoM S31 B kxonuenTtpammu 107'M rtaxke mpuBomMIa K yBEIHMYECHMIO
JUTMHBI KOpHA Ha 15,7 %, HO 1pu 5TOM Ha0JII0AAJIOCH YMEHbIIIEHUE JITTMHBI To0era
Ha 1,3 % 1o cpaBHEHMIO ¢ KOHTPOJEM. AHAJOTUYHAsI CUTyallus HaOJroaaiach
W IpU JeicTBUU Ha pacTeHus S31 B KOHIEHTpAIUAX 10°M u 10" M. JlnrnHa
KopHe# yBenuuuBanach Ha 39,6 u 31,4 % COOTBETCTBEHHO, a JIJTMHA TOOErOB
yMeHbInmiIachk Ha 4,7 u 5,8 %.

Takum 06paszoM, 1o pe3ysbTaTaMm Ja00PaTOPHOTO OIbITA MOXKHO ClIeTaTh
BBIBOJI, 4YTO HambOosee >(PQPeKTUBHBIMH KOHIIEHTpanusMu uccieayeMbix bC,
OKa3bIBAIOIIMMHM HauOOJIbIMi 3P(dekT Ha MopdoMeTpuyecKkrue MnapaMeTpbl
(nmuHa KOpHS U obera) amapaHTa TPEXIBETHOT0 copTa bpa3unbckuil kapHaBa,
aBsifoTC DK B KOHLIEHTpauu 10 M u ero xonbprorarsl S23 B KOHLICHTPALUU
102 M u S31 B xonuenTpanuu 1078 M.

N3ydyenne pa3BUTHS OTBETHBIX POCTOBBIX pPEAKIMM Ha JEHUCTBUE
peryisiTopoB pocta copta MmmroMuHanus mo3BOJIUIO YCTAHOBUTh OCOOEHHOCTH
JIEUCTBUS KaXIOTO PEryJIsATOpA.

Heticteue pactsopa DK B konuenrpamusx 107° u 10 M npusomunm
K YBEIIMYEHUIO JJIMHBI KOPHS amapaHTa TPEXLUBETHOTO copta MmmroMuHanus
M0 CPABHEHHIO C KOHTPOJIBHBIMH PACTEHUSAMH (PUCYHOK 3).

3HAUUTENTHFHOE YBEIMUCHUE IJTMHBI KOPHS OBLIO JOCTUTHYTO MPHU JICUCTBUU
Ha pacrenus DK B konuenrpauuu 10°8M. Tak, 1uMHAa KOPHS YBEIMYMIACH
Ha 18,6 %. YBennueHue qinHbI modera ObLIO HE3HAUYUTEIBHOE.

IIpu o06pabGotke pactBopoM S23 U jAadbHEHIIEM MNpOpaIIMBAHUU
HaOJII0/IaJIOCh  YBEJIMYEHUE JUIMHBI KOPHA TOJBKO Mpu JercTBuu  S23
B KkouueHtpauuu 10" M (muuHa xopHs yBenmuunach Ha 13,9 %).
Hcnonp3oBanne S23 B OCTaJdbHBIX KOHIIEHTPAUUSAX MHPHUBEIO K YMEHBILICHUIO
JUIMHBI KOPHS ¥ no0era.
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PI/ICYHOK 3 — Bausiaue OIIMKACTACTCPOHA U €TO KOHBIOI'aTOB Ha JJIMHY KOPHA
aMapaHTa TPCXOBCTHOI'O COpTa I/IJ'IJ'II-OMI/IHaHI/IH,

% OTHOCUTENBEHO KOHTPOJIS:
1-5-D2K, 10 -10"M; 6-10-S23,10 * M - 10" M;
11-15-S31,10*M-10"'M

JlericTBue pacTBopa KoHbIOrara S31 y pacteHuil amapaHTa TPEXIBETHOTO
copra MiumoMHHALMs BbI3BIBAJIO YBEIMYEHHE JJIMHBI KOpPHS TOJBKO IpHU
Bo3elicTBuy pacTBopa S31 B koruenTpamuu 1071 M: 1mrHa KOpHS yBeTuumIach
Ha 15,0 % mo cpaBHEHUIO C KOHTPOJIbHBIMU OOpa3uaMu. B ocTanbHBIX cirydasx
HAOJNIOAAJIOCh 3HAYMUTENbHOE YMEHBUIEHHWE €ro JJIMHbI 10 CpPaBHEHUIO
C KOHTPOJIEM (PUCYHOK 3).

Ilo pe3ynabraram 5abOpPaTOpPHOrO ONbITa OBLI CHETAH BBIBOJ, YTO
HanOosee 3¢ HEeKTUBHBIMH KOHIIEHTpaIUIMH ucciaeayembix bC, okaspIBarommMu
poctcTumynupyromuii ¢ dekr, apusorcs DK B xonuentpamuu 108 M u ero
koHbroratsl S23 B konuenrpauuu 10! M u S31 B koruenTpanuu 10711 M.

N3yyeHne pa3BuUTHS OTBETHBIX POCTOBBIX pEaKIUKA HA JCHCTBUE
PEryJISITOPOB POCTa € Pa3IU4YHON (PUTOTOPMOHAIBHON aKTUBHOCTBIO TIO3BOJIUIIO
YCTAaHOBUTh OCOOEHHOCTH JEHCTBHUS KaXJOTO peryjisTopa, 4YTO MOXKET
B JIaJIbHEHIIEM CITY>KUTh OCHOBOU JJIsl IPUMEHEHUS PETYIISITOPOB POCTa B LEISAX
MOBBIIICHUS MPOJAYKTUBHOCTH PA3HBIX COPTOB aMapaHTa TPEXLBETHOTO.

[TonyyeHHble aHHBIE CBUJIETEIBCTBYIOT O TOM, UYTO BCE H3y4daeMble
PEeryJisiTopbl pOCTa B OINPEACIICHHBIX KOHIEHTPALMIX SIBISIIOTCS CPEICTBOM
PEryJIupOBKM POCTOBBIX MPOLIECCOB KOPHA M MoOera W 4Tto OMOJIOrHYecKue
3G (}EeKThl CTEPOUIIHBIX COCAMHEHUIN 3aBUCSIT B TOM YHCIE U OT COPTOBBIX
O0COOEHHOCTEH pacTeHUI aMapaHTa TPEXIIBETHOTO.
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T. B. MAKAPEHKO, O. B. IIbIPX
benapyce, ['omens, I'TY umenun @. CkopuHbI

W3YUEHUE 3ATPA3HEHUS BOJIbI U JJOHHBIX OTJIOKEHUI
BOJIOEMOB I'. TOMEJISI U TIPUJIETAIOIIIUX TEPPUTOPUI
TAXKEJIBIMH METAJIJIAMUA

Heab padoTbl — MPOBECTH MOHUTOPUHTOBBIE UCCIEAOBAHUS 3arps3HEHUS
TSKEJIBIMA METaJUIaMH BOJBl M JOHHBIX OTJIOKEHHM BomoeMOB T. ['omens
Y MIPWIETAIOLINUX TEPPUTOPHUN.

Matepuanbl 1 MeTOABI HcciegoBanus. [Ipu orOope npod ucciaexyemMpix
O00BEKTOB M MOJTOTOBKE MX K aHAJIM3Y HCIOJIb30BAJIM CTaHIApPTHBIE METOJUKU
[1]. O6pa3iel JOHHBIX OTJIOKEHUW OTOMPANIU C UCTIOIB30BAHUEM JTHOUEpIIATEIICH
[Terepcena u bopylkoro M3 mATH YacTHBIX MPOO C OJHOPOJHOTO YydacTKa
U TOMENIAJM B TEepPMETUYHBIC I[JJACTUKOBBIE €MKOCTH JUIsl JaibHeHIen
TPAaHCIOPTUPOBKHU, Jlajie€ BBICYIIMBAIM JO BO3AYLIHO-CYXOTO COCTOSIHUS,
IPOCEUBAIM YEpPE3 CUTO C AuamMeTpoM mop 1 Mm, pactupaiu B ¢pappopoBbIX
ctynkax. O0pa3ibl JOHHBIX OTJIOKEHUN 030JIsUIH 0 Oesoi 30516l B My(eIbHOM
NeYd MpPH IOCTCIICHHOM YBIeYeHHH Temmeparypbl 1m0 450 °C B TedeHue
620 gacoB [2]. ConepxaHue MeTauioB ompeaesuim merogom ISP macc-
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CHEKTPOMETPUMA HA MAacCC-CHEKTPOMETPE C HMHAYKTHBHO CBS3aHHOM ILTa3MOU
Elan DRCe (Perkin Elmer) na 6a3e maGopatopuu paauoskonoruu MuctutyTa
panuobuonorun HAH benapycu.

Pe3yabTaThl Mccieq0BaHusl U UX o0cy:kaenne. HakorieHue Tskembix
METaJIOB B IOHHBIX OTJIOXKEHUSX SIBJISIETCS CIIOMKHBIM TUHAMUYHBIM MPOIIECCOM,
3aBUCSIIMM OT psila  XapakTepucTHK BojgoeMa. Ilpu »sTom Haubonee
CYILIECTBEHHOE BIUSHUE HA AaKKyMYJISIUIO TSKEIBIX METAJIOB B JIOHHBIX
ocaJikax OKa3bIBaeT UX KOHIIEHTpaIus B Bojie. [loBepXHOCTHBIEC BOJbI HAXOAATCS
B COCTOSSHUM JUHAMUYECKOTO PAaBHOBECHUS C JIOHHBIMH OTJIOKECHUSIMH,
XapaKTEpU3YyIOMIErocss MOCTOSHHBIM OOMEHOM MuKpodiemMeHToB. Ilpu wux
JOTIOJTHUTENIBHOM TIOCTYIUIEHUM B BOJOEM B pE3yJbTaTe€ aHTPOINOIE€HHOIO
BO3JICHCTBHSI B TMEPBYIO OYEpPelb YBEIWYMBACTCI MX KOHIIEHTpPALUA
B TOBEPXHOCTHBIX Bojgax. C TEUYeHHMEM BpPEMEHHM YacTh MOJUIFOTAHTOB
B pe3yJbTare CeIUMEHTAlMM, a Takke OOMEHHOW U HEOOMEHHOU copOuuu
(buKcUpyeTcss OHHBIMH OTJIOKEHHSIMU BoJloeMa. B 3TOi cBs3u coaepkaHue
TSKEJIBIX METAJUIOB B BOJE, @ TAK)KE€ XMMHUUYECKHI COCTAB JOHHBIX OTJIOKECHHM
SBIISIIOTCA OJHUMHU U3 BaXKHEHIIMX (PaKTOPOB, OOYCIOBIMBAIOIINX COJEPIKaHUE
TSKEJIBIX METAJUIOB B IOHHBIX OTJIOKECHHUSIX.

VYcpenHeHHbIE 3Ha4YE€HMS JaHHBIX 110 XMMHYECKOMY COCTaBY JOHHBIX
OTNIOKEeHMM, oToOpaHHBIX B mepuoa 2010-2024 rr. B pa3iIMyHBIX BOJOEMaXx
r. ['oMenst u mpuiierarolux TeppUTOpUid, IpUBEIEHBI B Tabuue 1.

Taomuma 1 — XuMHU4eCKH COCTaB JOHHBIX OTIIOKEHHUN UCCIIENOBAHHBIX BOIOEMOB

Conepxanune, %
Bonoem Opraru- : .
YEeCcKoe SIO2 Fe2O3 | MnO | MgO | Al:03 | TiOz
BEILECTBO

03. Manoe 10,00 70,15 5,19 0,09 1,22 | 11,91 | 0,71
03. Kpyrmoe 4,75 65,31 4,88 0,09 1,60 | 10,90 | 0,54
03. Y-o6pa3Hoe 4,67 67,98 6,66 0,13 158 | 10,17 | 0,57
03. Bomorosckoe 3,67 69,36 3,49 0,19 1,11 6,58 0,31
03. Ilanop 3,00 86,83 2,89 0,08 0,53 5,09 0,22
03. Jleguo 2,50 76,43 5,05 0,08 1,03 8,44 0,37
03. JIrobeHckoe 2,33 74,64 6,16 0,14 1,03 9,04 0,44
['pebHOM KaHaT 1,75 77,05 5,43 0,10 1,08 | 10,12 | 0,48
03. BomoabknaO 1,00 88,36 1,82 0,07 0,50 5,70 0,25
p. Cook, 1. 11. Kexkn 233 | 71,04 | 524 | 051 | 1,01 | 817 | 050
(BBIIIE TOPOJIA)
p. Cook, 1. 11. Henku 1,25 8487 | 303 | 016 | 067 | 607 | 033
(HIKE TOpOIa)
KoHTpoJibHBIN BOgOEM 1,67 83,49 1,60 0,04 0,57 5,17 0,19
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Kak BugHO u3 Tabmuubl 1, Hanbornee CylIECTBEHHO BAPbUPYET MEKIY
Pa3IMYHBIMU BOJOEMAaMH COJEP>KAaHUE B JIOHHBIX OTJIOKEHUSX OPraHUYECKOro
BellecTBa. MakcuMaabHOE 3HaUY€HUE TAHHOTO MOKa3aTessl OTMEUYEHO B 03. Maisoe
u gocturaet 10 %. HamMeHblmas KOHIICHTpAlMs OPraHUYECKOTO BEIIECTBA
B JIOHHBIX OTJIOXKEHUSIX omnpeserneHa B 03. Bomoabkuuo (1 %). Menee 3Hauumeble
pa3nuusi HaOII0JAI0TCSl MEXKTYy 00CIEOBAaHHBIMU BOJIOEMaMU IO COJEPKAHUIO
B JIOHHBIX OTJIOKEHHAX okcuja kpemuus (SiO;). HawmOonbmiuii mokasarein
HaOmomasics B 03. BomogpkuHo, a MuUHUMadbHBIA — B 03. Kpyrioe.
Konuentpamusi oxcuga xeneza (III) mocturaer HauOosblliero 3HAYECHUS
B 03. Jltobenckoe (6,2%), a MHUHUMaIbHBIM YypOBEHb HaOMIOHAJICS
B KOHTpoJIbHOM Bojoeme (1,6 %), T. €. oAMH TMOKa3aTelb MPEBBIIIAECT JIPYTOil
nouytd B ueTbipe pasza. OnHako Haubosee BBIPAKEHHOE BapbUPOBAHUE
COJIEpKaHMsI MEXAY BOJOEMaMM YCTaHOBJEHO i okcuaa Mapranua (II).
Ero MakcuManbHas KOHIIEHTpalus BeisBiieHa B p. Cox y H. 1. Kiienku (0,51 %).
JlocTaTouHO HU3KHKE, OJM3KUE MO 3HAYEHUIO MTOKA3aTeNId KOHIIEHTpalUs OKCHIa
mapranna (II) xapaxtepHsl mjis TOHHBIX OTIOXKEeHHH o3ep Manoe, Kpyrioe,
[Tamop u legno. MUHUMAIBHOE K€ KOJUYECTBO OKHMCH MapraHia ONpEeIesIeHO
B 03. Bonoaskuno (0,07 %), ono Gosee yeM B ceMb pa3 Hrke ypoBHS B p. Cox.
Haunbosnee BBICOKOE cOJEpKaHUE OKCHAA MarHus XapaKTepHO [Jisi JOHHBIX
otnoxxkennit 03. Kpyrnoe (1,60 %). He3HauuTenpbHO OTIMYAIOTCS OT JaHHOTO
YpOBHSI TOKazaTenu o03. Y-oOpazHoe (1,58 %). Jlns ocTanbHBIX BOJOEMOB
OTMEUYEHO MEHbIIIEeE KOJIMYECTBO OKcuaa maruus (B 1,5-3,2 paza), MUHUMAIIbHOE —
B 03. Bonogpkuno (0,5 %). ConepxkaHue OKCHUIA aTIOMUHUS 3HAYUTEIHHO
pasznuyaeTcs Mexay Bogoemamu. Hanbonbimii mokasaTenb ero KOHIEHTPAINH
oTMeueH B 03. Manoe (11,9 %), noctaTouHo Beicokuii — B 03. Kpyrioe (10,9 %).
B TO xe BpeMs cpelHHMIl MO BCEM BOJOEMaM YpPOBEHb COAEPIKAHUS OKCHJIA
atOMUHUSL cocTaBisieT 8 %, a MUHMMAaJIbHBIA HaOMIOAAICS B KOHTPOJHLHOM
BojoeMe (5,2 %), oH HMKE MaKCHMAJIBHOTO TIOKazaTens Oojiee YeM B JiBa pasa.
Pazmax konebGanusi coxmepkanusi okcujpa tutaHa (IV) Oosee cylecTBeHeEH:
€ro KOHIIEHTpalus B pPa3HbIX BOJAOEMAaX MOXKET OTIMYAThCS B YETHIPE pasa.
Ero naumensinee koauaectso (0,2 %) Takke 0TMEUEHO B KOHTPOJIBHOM BOJIOEME,
a MakcuMabHbIH ypoBeHb (0,7 %) onpenenen B 03. Maioe.

Takum o0pa3om, 03. Manoe xapakTepHu3yeTcsi CaMbIMH BBICOKUMH I10
CPaBHEHHIO C IPYTMMHU BOJOEMAaMHU IMOKA3aTEIIMU COJIEPKAHUS OPTraHUYECKOTO
BEIIIECTBA, OKCHJA aIFOMUHMSA U okcuaa Tutada (IV). HauGosbiiee koinuecTBo
OKCHJIa KpPEMHHUS YCTaHOBJIEHO B 03. BomoapkuHo, okcupa sxenesa (III) —
B 03. JItobeHckoe, okcuaa mapranina (II) — B p. Cox y H. . Kiienku, a okcuaa
MarHus — B 03. Kpyrioe. B To ke BpeMs camble HU3KHE TTOKA3aTe COJICPKAHUS
okcupa sxenesa (III), okcuma amomunams, okcuga Tutana (IV) Opu OTMEYEHBI
B KOHTPOJHHOM BOJOEME, OPraHUYECKOTO BEIIECTBA W OKCHUJA MarHus
U Mapraiia — B 03. Bomoaskuno. O3epo Kpyrioe oTinyaercss MUHUMAJIbHBIM
COJIEp’)KaHHEM OKCHJIa KPEMHHUS B IOHHBIX OTJI0XKCHUSX.
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Hawnbonee BbipakeHHas] KOPPEISAIMOHHAS CBA3b HAKOIUJICHUS M3y4aeMBbIX
AJIEMEHTOB B CEJUMEHTaX OT HX XHUMHUUYECKOTO COCTaBa OMpelesieHa s
OpPraHUYECKOT0 BEIIECTBA, OKCHUJIOB MarHus u xeje3a. Polib Ipyrux npupoaHbix
COpOCHTOB B aKKyMyJSIIMM MeETAJIOB HeBenuka. O3epa Y-obOpaszHoe
n BonoToBckoe OTIMYAIOTCA IIOBBINICHHBIM HAKOIUICHUEM IOJUTIOTAHTOB
B OTJIOXKEHUSX, HECMOTPS Ha HU3KOE COJICP)KaHUE B HUX OPTaHUUECKON (hpaKInH,
YTO CBHJICTCJILCTBYET 00 HM30BITOUHOM AHTPONOTEHHOM 3arpsS3HEHUU JaHHBIX
00BEKTOB. ITH K€ BOJIOEMBI BBIOMBAIOTCS U3 OOIIEro TPeHAa 3aBUCUMOCTH TPH
aHaJIM3e KOPPESIIMOHHON CBSI3U MEXKTy KOJIMYECTBOM CBHHIIA, MEIU U KOOaAJIbTa
B JIOHHBIX OTJIOXKCHHUSAX M COJICP)KaHHUEM B HMX OKCHJA MarHusi — KOMIIOHEHTa
TJIMHUCTBIX MUHEPAJIOB.

B T0 ke BpeMst u3yueHne 3aKOHOMEPHOCTEN UX HAKOTUICHUS B CEIMMEHTax
HEBO3MOXHO 0€3 MCCIIeIOBaHUS COJIEPKaHUs TsHKENBIX METAJLIOB B BOJIE 00CIIe-
JIOBaHHBIX BOA0EMOB. CyIIECTBYET BBICOKAsI M CPEIHSSI CTENEHb B3aUMOCBSI3U
MEXKy COAepKaHueM KoOallbTa, ME/TU, IMHKA U MapTaHIla B IOHHBIX OTJIOKEHUSX
U ux KoHueHtpanueit B Boje (I =0,7; 0,4; 0,5 u 0,4 COOTBETCTBEHHO).

B Tabnurie 2 nmpuBeIeHBI TaHHBIE OTHOCUTEILHO KOHIICHTPALIUU 3JIEMEHTOB-
3arpsI3HUTENIEH B TOBEPXHOCTHBIX BOJIaX O3€P M PEYHOM CUCTEMBI T. ['omens.

Ta6J'II/IHa 2— COIICp}KaHI/IC TSKCIBIX MCTAJIJIOB B BOAC HCCIICAOBAaHHBIX BOAJOCMOB

Bojoem ConepxaHue, MKI/J .
Pb Cu Zn Mn Co Cr Ni
03. Mainoe 10,3 11,4 142,1 130,2 15,0 4.0 6,1
03. Kpyrnoe 10,0 11,0 100,3 202,4 17,4 4,0 9,1
03. Y-o0pa3Hoe 8,2 13,4 154,3 175,0 15,8 4.0 6,2
03. Bonorosckoe 9,0 20,0 122,3 193,3 10,3 16,0 9,3
03. [llamop 10,0 14,2 63,0 164,0 14,4 4,0 10,0
03. JlenHo 9,3 16,4 92,3 186,2 21,4 4,0 14,0
03. JIrobenckoe 13,1 17,4 51,0 147,5 14,2 7,0 7,0
['pebHOM KaHAT 11,4 15,3 73,1 176,2 16,6 50 6,2
03. Bonoabkuno 9,0 7,4 94,4 145,1 12,1 4.0 98,4
p. Cox, . 1. Kyieriu 860 | 1390 | 113,10 | 153,00 | 930 | 420 | 1510
(BBlLIE TOpPOSIA)
p. Cox, . 11. Herkn 9,60 | 14,80 | 86,90 | 148,30 | 12,70 | 3,60 | 7,30
(HIKE TOpOIa)
KoHTposibHBIN BOAOEM 8,30 8,10 93,60 122,10 7,10 8,00 | 19,40

Kak BugHO M3 Tabmuupbl 2, MakCUMallbHOE COJIEp)KaHUE CBHUHIIA B BOJIC
orMmeueHo B 03. Jlro6enckoe (13,1 mkr/m). B apyrux BojgoeMax KOHIIEHTpaIus
JAHHOTO MeTajula M3MEHSETCSl HE CTOJIb CYIIECTBEHHO. MUHUMAaILHBIN
MOKa3aTelib YCTAaHOBJICH B 03. Y-o0pa3HO€ W KOHTPOJBHOM BOJOEME
(8,2-8,3 mKr/i1), 94TO HIKE MaKCHMaabHOTrO YpoBHs B 1,6 pa3a. KoHieHTparius
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MeAM B BOJIOEMax ropojia BapbHpyeT Ooiiee cymiecTBeHHO. Hanbomnee Bricokoe
collep KaHNe JTAHHOTO JJIEMEHTOB OmpeseieHo B 03. Bomorosckoe (20 MKr/m),
YTO BBIIIE MOKA3aTeNsl BOJJOEMA C HAUMEHBIIUM COJIEPKAHUEM MEIIU B BOJE —
03. Bonoabkuno — B 2,7 pa3za. [IpubnusurensHo Takoil e pazMax BapbUpOBaHUS
COZIEpKaHMs MEXIY MaKCUMalIbHbIM U MUHUMAaJIbHBIM TIOKa3aTEIEM XapaKTePEH
JUIS [IMHKA: €ro HauOoJIbIIas KOHIEHTparus B 03. Mamoe (142,1 wmxkr/n)
MpEBBINIaeT HAMMEHbIIIKE MToKa3aTenu 03. JIrobeHckoe B 2,8 pasa.

B T0 e Bpems paznuuusi B COJAEpKaHUKA MapTaHiia B Bojie 00CIeJOBaHHBIX
BOJJOEMOB HE CTOJIb CYIIECTBEHHBbI. KOHIIEHTpalusi JaHHOTO METala B BOJE
03. Kpyrioe siBisiercs camoit BbiIcOKoH 1 coctapisieT 202,4 MKr/i, a B 03. Maioe
JTAHHBIN mapameTp HamOosee HU3KkuUK — 130,2 Mkr/n. Paznuume mexmy HUMU —
1,6 pasza. HauGosnbmas KoHIIEHTpaIis KoOanbTa B BOJIC onpenecHa B 03. JlemHo
(21,4 Mxr/11), a €ro camMoe HH3KOE COJCpKaHHE — B KOHTPOJHLHOM BOJIOCME
(7,1 mxr/m) — B 2,5 pa3a HIKEe MAaKCHUMAaJIbLHOTO MTOKA3aTeJIs.

B oTHOmIeHMH XpomMa HEOOXOJUMO OTMETUTH CaMblii BBICOKHW pa3zMax
BAPBUPOBAHUSL €ro KOHIICHTPAIMU MEXIy OOCIeJOBAaHHBIMU BOJOEMAaMH.
AHOMaJIbHO BBICOKHW YPOBEHb COJIEpXKAHUS [JAHHOTO METallla OIPEACIICH
B 03. BomoroBckoe (16 MKI/i), 4TO BBIIE CPEAHETO IOKAa3aTels IO BCEM
OCTaJIbHBIM BojioeMaM B 3,4 pasa. J{Jis Bcex 00ciaeI0BaHHBIX BOAHBIX 00BEKTOB,
3a HCKJIIOYeHHeM 03. J[I0OeHCKOe M KOHTPOJBHOTO BOJOEMa, TNIe TaKkxKe
OTIPEJICIICHO TOBBIIICHHOE cojepkaHue Xxpoma B Bojae (7 U 8 MKI/II COOTBET-
CTBEHHO), YCTaHOBJIEHA NMPUOIU3UTEILHO OJMHAKOBAsl KOHIICHTpAIUsl JaHHOTO
AJIEMEHTa — OKOJIO 4 MKT/JL.

ConepxaHue HHKENS TaKkKe BapbUpPyeT BEChbMa CYIIECTBEHHO MEXKIY
OTHEJIbHBIMH BOJlOeMaMu. Ero camas BbICOKasi KOHIIGHTpAIMS OIpejeieHa
B KOHTPOJIbHOM Bojaoeme (19,4 MKr/m), oHa HpeBbIIAET CPeAHUN TMOKa3aTelb
OCTaJIbHBIX BOJIOEMOB B JiBa pa3a. HaumeHsblee coaepkaHue XxpoMa onpeaesieHo
B 03. Majioe, OHO HIKE€ MaKCUMAaJILHOTO MOKa3aTelis B TPU pasa.

Takum 00pa3oMm, MO COAEPKAHUIO TSKEIBIX METAUIOB B BOJIE HEJb3s
BBIJICIUTh OJHO3HAYHO HauOojiee WM HauMEHEe 3arpsi3HCHHBIA BOJOEM.
Crnenyer OTMETUTH 03. BOJIOTOBCKOE IO cCaMOMy BBICOKOMY YPOBHIO COAEPKaHUs
M€, aHOMAJIbHO BBICOKOMY — XpOMa U JIOCTaTOYHO BBICOKOMY — Maprasiia,
a Takke 03. Manoe, B KOTOpPOM HaOMIOAATIOCh MHHHMAJIBHOE COJEp>KaHUe
MapraHia v HAKEJs.

CIIMCOK MCIIOJIb30BAHHOU JIMTEPATYPBI
1. AGakymoB, B. A. PykoBOJCTBO MO MeTOoAaM THUIAPOOUOJIOTHUUECKOTO
aHajgu3a TOBEPXHOCTHBIX BOJ M JOHHBIX OTJioXeHuid / B. A. AbakyMoB. —
Jlenunrpan : ['mapomereonsaar, 1983. — 240 c.
K coaep:kaHnio
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A. B. MAKCUMYK, C. M. JEHUBKO
benapycs, bpect, bpl'Y umenu A. C. Ilymikuna

IOPEKTUBHOCTD BJIUAHUA PUTOI'OPMOHOB IN VITRO
HA OPI'TAHOT'EHE3 Y /IBYX THIIOB MUKPOIIOBEI'OB
MAJIMHO-EXKEBUYHOI'O I'MBPUJIA COPTA MEPUOH

DUTOrOpMOHBI UTPAIOT KIIFOUEBYIO POJIb B PETYIALIUN POCTA U Pa3BUTHS
pacTeHuid, BIMSS Ha MPOIECCHl JCNEHUs KIETOK, MupdepeHnuanuo TKaHeH
U opraHorese3. BpemeHue QHUTOrOpMOHOB B KyJIbTypy IN VItro mo3BoisieT
KOHTPOJIMPOBATh 3TU MPOLECCH] U YIyYIIaTh XapaKTEPUCTUKU PACTEHHM, TaKHUE
KAaK ypOKalHOCTh, YCTOMYMBOCTD K CTPECCAM M Ka4€CTBO IIOJIOB.

ManuHo-exeBUYHbI TUOpUA copTa MepHOH TMpeAcTaBiIsIeT Cco0oM
YHUKAJIbHBIN THOpU, 00JaJaronIfil BBICOKUMH MOKA3aTEISIMU YPOKATHOCTH U
yCcTOMYMBOCTH K Oonie3HsAM. OpjHaKo [ JOCTHKEHHS MaKCHUMAaJIbHOM
IPOAYKTHUBHOCTH M KauecTBa ILJIOJOB HEOOXOAUMO pa3paboTaTh 3(P(PEKTUBHBIC
METO/Ibl KIIOHAJIbBHOTO MUKPOPAa3MHOKEHUS C UCII0JIb30BaHUEM (DUTOTOPMOHOB.

HccnenoBanusi, MPOBENCHHBIE PAa3IMYHBIMU aBTOPaMH, IOATBEPKIAIOT
3¢ (HEeKTUBHOCTh UCIIOJIB30BAaHUS (PUTOTOPMOHOB ISl YITyULICHUS XapaKTEPUCTUK
pactenuii [1-3]. Tak, onTuMH3aUA METOAA KIOHAJIBHOTO MUKPOPA3MHOXKECHUS
C  HCIOJIb30BaHMEM  (UTOTOPMOHOB  MO3BOJIIET  YCKOPUTH  CEJIEKLHUIO
PEMOHTAHTHBIX (OPM MaJUHBI WU YIYYIIUTh POCT MU PA3BUTHE MAJIUHO-
€XKEBUUHBIX THOpUAOB. OgHUM u3 Hanbojee H3YYCHHBIX (PUTOTOPMOHOB
aBisieTcs  6-OensunamuHonypuH (mamee — BAII), koTopbeiii  OTHOCHUTCS
K LUTOKMHUHAM M CTUMYJIHUPYET JACJIICEHHE KIETOK U 0oOpa3oBaHHE MOOEroB.
Nunonun-3-macnsHas kuciota (nanee — UMK) sBasieTcss ayKCHHOM U BIHMSET Ha
pacTsHKeHUE KIIETOK, 0Opa3oBaHHEe KOpHEW W Tponus3mbl. KomOuHAIMs 3THX
(UTOrOPMOHOB YacTO HCHOJB3YETCS I CTUMYJSLMU POCTAa M Pa3BUTHS
pactenuit in Vitro. J[pyrumM Ba)KHbIM aClieKTOM SIBJISICTCS BIUSHIE (UTOTOPMOHOB
Ha opraHoreHe3 pacteHuil. Mcmonb3oBaHue (UTOTOPMOHOB CHOCOOCTBYET
YBEJIMUEHUIO KOJIMYECTBAa MOOEroB M YJY4YIIEHUIO MX KadecTBa. [IpaBuiibHBIM
BBIOOp KOHIIGHTpAaIuii (UTOTOPMOHOB SIBIISIETCA KIIOYEBBIM (HaKTOPOM JJis
YCHEHIHOTO OPraHOI€HE3a.

B cBSi3M C BBIIEU3IOKEHHBIM BaXXHBIM ACIEKTOM HPOBOJUMBIX HAMH
UCCJIEIOBAHUM SIBJISIETCS W3Y4YEHUE BIUSHUS (PUTOTOPMOHOB Ha pa3JIMUHBIC
TUIBI 3KCIUIAHTOB, TaKW€ KaK BEPXYIIEUHbIE M CPEAUHHBIE MUKPOYEPEHKH,
MOCKOJIBKY 3(P(PEKTUBHOCTh MPUMEHEHUs (PUTOrOPMOHOB MOXKET 3aBHUCETh
OT THUIA SKCIUIAHTOB, YTO HEOOXOJMMO YYMTHIBATH MPU Pa3pabOTKE METOAMK
KJIOHAJIbHOTO MUKPOPA3MHOKEHUS.
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[lens wuccnenoBaHus — ONPEAEHUTh ONTUMAIBHBIE KOHIEHTPALMH
dutoropmoroB BAIl m MMK mis cTUMynsmum MPOIECCOB OpTraHOTeHE3a
y BEPXYIIECYHBIX M CPEIUHHBIX MUKPOYEPEHKOB MAJIMHO-EKEBUYHOIO THOpuaa
copTa MepHoH B KyJbType in Vitro.

JI71st KyIbTUBHPOBAaHUSI MUKPOIIOOETOB MCIOJIb30Balach cpeaa Mypacure
nu Ckyra c TMOJOBUHHBIM Ha0OpOM Makpo- M MHKPOd3JEeMEHTOB. bpuio
MOJATOTOBJICHO TPU BapHaHTAa MUTATENbHBIX cpei: 0e3 TOPMOHOB (KOHTPOJb),
¢ 0,3 mr/n BAIT u 0,05 mr/n UMK (monHas KOHIIEHTpaIusi TOPMOHOB), a TaKKe
c 0,15 mr/n BAIT u 0,025 mr/n UMK (monoBuHa TOpMOHAJIBLHOTO COCTaBa).
JI71st u3ydeHust pereHepalioHHON CIOCOOHOCTH B TUTATENBHYIO Cpely MmoMenia-
JIMCh MUKPOITOOETH JIBYX THUIIOB: CPEIMHHBIE U BepXyllieuHble. KylbTHBUpOBaHHE
IIPOBOAWIIOCH IPU OCTOSIHHOM Temmneparype 19 °C B kamepe 11 pocTa pacTeHHAN
¢ goronepuooM 16 yacoB neHb U 8§ 4acoB HOYb. CTATUCTUUECKYIO 00pabOTKY
JAHHBIX BBIMOJHSIM C HCHOJb30BaHHEeM Tmporpammel Excel. HcTounnkom
HKCIUIAHTOB SIBUJIMCh MHUKpPONOOETHM MAaJMHO-€KEBUYHOTO THOpuaa copta
MepuoH M3 KOJUIEKIMU MPOOHMPOUYHBIX pacTeHuid Kadeapbl OMOIOrMYeCcKUX
u xumuueckux texnonoruit bpl'Y umenu A. C. IlymkuHa.

[Ipy KynbTUBMpPOBAaHMM MUKpPOUEPEHKOB Ha NMTATEIbHOM cpene 0e3
(UTOrOpMOHOB HAOJIIOJATIOCHh MEHEE BBIPAKEHHOE YBEIMYEHHE IOKa3aTeseil.
KonnuecTBo noberoB y BepXyleyHbIX MUKPOUEPEHKOB YBEJINYMIOCH B 2,1 pa3a,
a BbICOTa MoOeroB ysenuuuiaack B 3,5 pa3a Ha 60-e cyrku. Yacrora
A1cTOo00pa3oBaHUsl y CPEAUMHHBIX MHUKPOUYEPEHKOB YyBenuuuiach B 1,5 pasa,
B TO BpeMs KaK Yy BEpXYLIEUHbIX MHUKPOUEPEHKOB OCTaBalach IMPaKTUUYECKH
HEM3MCHHOI Ha TPOTSHKEHUH BCETO dKCIeprMeHTa (Tadmuipsl 1, 2).

Tabnuma 1 — Opra"oreHes y AByX THUIIOB DKCIIJIAHTOB MAJIMHO-EKEBUYHOTO
rubpuaa copta MepuoH B OTCYTCTBHH (PUTOTOPMOHOB

ITokaszarenn Tun skcnnanTa Bpems

CpEeIMHHBIN BEPXYIIECYHBIN KYJIbTUBUPOBAHUSA

CpenHee KOJIMIecTBO 3,3+0,3 43+0,3 0-e cyTkm

1mo0OeroB B MOBTOPHO- 3,3+0,3 43+0,3 14-e cyTku

CTH, LIT. 4,7 +0,7 6,7+0,3 30-e cyTkH

6,3 +£0,9* 9,0 £0,6* 60-e cyTKH

Yacrota nuctobpaso- 29+0,7 3,5+0,8 0-e cyTku

BaHHU, IIT./I00ET 3,4+0,9 3,8+0,9 14-e cyTkn

4,1+09 4,1+0,8 30-e cyTku

43+0,9 3,5+0,6 60-e cyTKH

Cpennsis BeicoTa 17,0+ 1,7 10,5+ 1,6 0-e cyTku

AKCIUIAHTUPOBAHHBIX 17,7+2,4 13,8+ 1,8 14-e cyTku

moOeros, cM 23,8 £2.8 259+24 30-¢ cyTKH

40,1 +4.2%* 36,8 + 3,0* 60-e cyTKu

[Ipumeuanue — * — gocroBepHo npu P < 0,05 mo cpaBHenuto ¢ 0-mu cyTkamu

9KCIICPUMCHTA.
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Y ABYX THUIIOB 3KCIINIAHTOB MAJIMHO-C)KCBUYHOT'O FI/I6pI/II[a copTa MepI/IOH

Tun sKkcrianTa Bpewms
Ilokazarenn = =

CPEIMHHBIN BEPXYIICYHBIN KyJIbTHBHUPOBAHUS

Cpennee KOJIMYeCTBO 3,3+0,3 4,0+0,0 0-e cyTkm

MoOEToB B MMOBTOPHO- 3,3+0,3 40+0,0 14-e cyTkm

CTH, IUT. 7,0+1,0 9,0+1,2 30-e cyTku

7,0 £0,6* 15,0+ 1,5* 60-e cyTku

UYacroTa nmuctoobpa- 2,7+0,7 2,6 £0,6 0-e cyTkm

30BaHus, IIT./I00ET 3,6£1,0 34+£0,8 14-e cyTku

3,4+0,6 2,6 £0,4 30-e cyTku

3,8+0,7 2,0£0,2 60-e cyTku

Cpenssisi BBICOTA 9,4+1,5 5,8+0,7 0-e cyTkm

AKCIUIAHTUPOBAHHBIX 10,8 + 1,1 9,4+0,9 14-e cyTku

moOeroB, cM 154+13 14,5+0,9 30-e cyTku

17,3+ 1,7* 219+ 1,5% 60-e cyTku

[Ipumeuanue — * — gocrosepHo npu P < 0,05 mo cpaBHenuto ¢ 0-mu cyTkamu
IKCIIEPUMEHTA.

[Ipu KyJIbTUBHPOBAHUH MUKPOYEPEHKOB HAa MUTATEIBHOU CPENIE C MOTHBIM
coctaBoM BAIIl u UMK konundecTBo moOeroB y BepXyILICYHBIX MUKPOUEPEHKOB
yBenmnuuiock B 3,8 paza um cocrtaBmio 15,0 mrykm Ha 60-¢ cyTku, a BbICOTA
noberoB — B 3,8 pasa u cocraBmwia 21,9 cm. Yactora nucrooOpazoBaHus
y CpPEIMHHBIX MHUKPOUEPEHKOB yBenuuwiach B 1,4 pa3a, a y BepXyLIEUHbIX
MUKpPOYEPEHKOB — yMmeHbmmiach B 1,3 paza. [lo cpaBHEHHIO ¢ KOHTpOJIEM
UCIIOJIb30BAHUE TMOJIHOTO COCTaBa (PUTOTOPMOHOB YBEIUYHMBAET KOJIMYECTBO
noOeroB y BEpXyIIEUHBIX MUKpOUepeHKoB B 1,7 pa3a u ux Beicoty B 1,4 pasa,
a TaKXe YacTOTy JIMCTOOOPa30BaHUs y CPEIMHHBIX MUKpPOUYEpEHKOB B 1,1 pasa.

Takum o00pa3oM, HCIIOJIIB30BAHHE TOJHOIO COCTaBa (PUTOrOPMOHOB
OKa3aJl0 HauOOJbIIee MOJOKUTEILHOE BIUSHUE Ha IMOKA3aTeNIM OpPraHOreHe3a
MaJIMHO-€KEBUYHOTO Tudpuaa copra Mepuon. Ha nanHOM Turie muTaTeIbHON
cpenbl HaOII01aJ0Ch MAKCUMAJIbHOE YBEIUYEHHE KOJMYECTBA MOOETOB M X
BBICOTBI Y BEPXYLICYHBIX MHKPOUEPEHKOB, YTO MOXET OBITh CBS3aHO
C ONTUMAaJbHOW KOHUEHTpalKel (UTOropMOHOB, CIIOCOOCTBYIOUIEH MHTEHCUB-
HOMY JIEJI€HUIO0 KJIETOK M pocTy mnoberoB. Yacrora smcTooOpa3oBaHUs
OblJla Tak)Ke BBINIE TOJBKO y CPEAUHHBIX MHUKPOYEPEHKOB IO CPABHEHUIO
C KOHTpPOJIbHOW TPYyNIOM, YTO YyKa3blBaeT Ha cHeuuduueckoe BIUSHUE
¢utoropmonoB Ha auddepeHIManio TKaHEH B 3aBUCUMOCTH OT THIIA
HKCILIAHTOB.

[Io cpaBHEHHIO ¢ KOHTPOJBHOW TIPYNNON KHCHOJB30BAHUE ITOJIOBUHHOTO
coctaBa (UTOTOPMOHOB (Tabiuia 3) TPHUBEIO K YBEJIMYCHHUIO KOJIMYECTBA
M0OETOB y BEPXYIICUYHBIX MUKPOYEPEHKOB M MIX BBICOTHI, a TAKKE K YBEITMUCHUIO
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YacTOTHI JINCTOOOPA30BaHUS Y CPEAUHHBIX MUKPOUYEPEHKOB, XOTS U B MEHbIIIEH
CTENIEHU IO CPABHEHMIO C IOJHBIM COCTAaBOM. JTO MOXET OBIThb OOBSCHEHO
TEM, YTO CHIDKEHHAs KOHIICHTparusi (UTOTOPMOHOB BCE €IE CHOCOOCTBYET
CTUMYJIALIMM POCTA U PA3BUTHUS PACTEHUI, HO C MEHbBIIIEH HHTEHCUBHOCTBIO.

Tabnuua 3 — BiusiHue GuTOropMOHOB B MOJIOBUHHON KOHIIEHTpAIIUU
Ha OpPraHoreHe3 y JIBYX TUIIOB SKCIUIAHTOB MaJUHO-E€KEBUYHOTO rUOpUIa
copra Mepuon

Tun skcnanTa Bpewms
Ilokazarenn v v

CPEIMHHBIN BEPXYIICYHBIN KyJIbTHBHUPOBAHUS
CpenHee KOJIUYECTBO 3,3+£0,3 4,0+0,0 0-e cyTku
1no0eroB B MOBTOPHO- 3,3+0,3 4,0+0,0 14-e cyTkn
CTH, IIT. 6,3+0,9 7,3+0,3 30-e cyTku
13,0+ 1,2* 12,7 £2,0* 60-e cyTku
YacroTa nmuctoobpa- 24+0,6 3,609 0-e cyTkm
30BaHus, IIT./TI00Er 2,8+0,7 46+1,2 14-e cyTku
4,1+0,8 4,1+0,8 30-e cyTku
2,7+0,3 2,9+0,4 60-e cyTku
Cpenssisi BBICOTA 8,0+1,3 10,3+ 1,6 0-e cyTkm
AKCIUIAaHTUPOBAHHBIX 13,7+ 1,4 14,7+ 1,7 14-e cyTku
moOeroB, cM 21,3+£2,6 22,7+24 30-e cyTku
37,8 £3,8% 35,4 +£3,6* 60-e cyTku

[Ipumeuanue — * — gocroBepHo npu P < 0,05 mo cpaBHenuto ¢ 0-mu cyTkamu
IKCIIEPUMEHTA.

CITMCOK MCITOJIb30BAHHOM JTUTEPATYPBI
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pactenuii in vitro / C. B. Iletpos. — CII0. : Hayka, 2012. — 300 c.
3. Kysnernos, 1. B. MeTo b1 KIIOHAJIBHOTO MHUKPOPA3MHOKEHHUS TTOJOBBIX
kyabsTyp / W. B. Ky3neuoB. — Munck : bentHUUIIA, 2018. — 200 c.
K coaepxkaHuio




108
VJIK 581.1

H. M. MATYCEBUMY, K. P. MEJISIHUYK
benapycs, bpect, bpl'Y umenu A. C. Ilymikuna

COAEPKAHUE XJIOPOPUJIIA B IUCThA HEKOTOPBIX
INPEACTABUTEJIEU POJA ANTHURIUM L.

Pactenus pojga aHTypuyM, H3BECTHBIC CBOMUMH SIPKHMMH IIBETaMH
U JICKOPATUBHBIMH JIUCThSIMU, 3aHUMAIOT 0CO00E MECTO B MHUPE KOMHATHOTO
M CaloBOrO IBeTOBOjACTBA. OIHAKO JUIsl YCHEIIHOTO WX KYJIbTHBHPOBAaHUS
HEOOXOaMMO  IIyOOKOoe  MOoHMMaHue  (U3UOJOTUYECKHUX  MPOIIECCOB,
MPOUCXOASIINX B 3TUX PACTCHUSIX.

B 3umHem camy oTmena «boTaHWMYECKHE SKCIIO3UIU» HACUUTHIBACTCS
Ooonee 550 TakCOHOB  pPACTEHHMH  3aKPBITOTO  TPYHTA,  OTHOCSIIHUXCA
K 98 cemericTBaM. BOTBIIMHCTBO U3 HUX OTHOCSTCS] K PACTUTEIIBHOCTH BIIAXKHBIX
TPONTMYECKUX JIECOB M AaPUIHBIX MECTOOOWTaHWH. PacTeHus B KOJIICKIIUU
3MMHETO CaJla PAcIOJOKEHBl KOMIIO3UIMOHHO C Y4eToM Ouoreorpadudeckoi
U CHCTEMAaTUYeCKON MpuHaIIe:KHOCTH [1].

OObekTaMHM HMCCIICAOBAaHUS SBHIMCH TATh BHUIOB poaa Anthurium L.,
npou3pacTamolme B 3UMHEM cany otaena «boTaHW4ecKhe SKCIIO3UITUNY:
1) anTypuym nazsmmid (Anthurium scandens (Aul.) Engl.) — nazsimee snudutHOE
TEHEBBIHOCIIMBOE PACTCHHUE; KOPHH TOJICTBIC; cTeOenbh 10 1 M JiHHOH; gopma
JUCTHEB 3aBUCUT OT PA3HOBHUIHOCTH M MOXET OBITh KaK JIAHIIETHOW, TaK |
OBaJIbHOM (hOPMBI; JTUCThS KOXKHCTBIC, HYDKHSISI CTOPOHA JIUCTA MTOKPHITA MEJIKUMHU
YepHbIMH TATHBIIKaMK [2]; 2) antypuym Amnzgpe (Anthurium andraeanum
Linden ex Andre) — HazeMHble W JMUGUTHBIC PACTECHUS; JHCThS OBAIBHO-
JAHIETHBIE C TIyOOKO-CepANeBUAHBIM ocHOBaHueM, 25-30cM IMHOM,
10-12 cM mmwmpuHOM, cBucatonie kHu3y [3]; 3) aHTYpUyM cepaleBUIHBIH
(Anthurium cordatum (L.) Schott) — nasaroriee »snudHUTHOE pacTeHHE
C OOIIMPHBIMU TIOJICPKUBAIOIIIMME KOPHIMH, HHOTA Ha CKajlax, MPsSMOCTOsICe
WIN CTEJIIOIIEECs; JIUCThs CepieBuaHO-oBasbHbIC [4]; 4) anTypuym Onbdepca
(Anthurium  olfersianum Kunth) — crebenp BOCXOIAIINH, TOJCTHIN,
pa3BeTBIICHHBIN.; JIMCTOBBIC TUIACTUHKA TEMHO-3EJICHBIC CBEpXy, OJeCTsIIne,
Oomee cBetnmbie cHuU3y [5]; 5) antypuym MHoropacceueHHbiii (Anthurium
polyschistum R.E.Schult) — nwanma ¢ maabYaTOPACCEYCHHBIMU JIMCTHSIMHU
Y TOHKMMH cTeOisiMu [6].

KonmyectBeHHOE ompeencHre XJIOpopuiuia B JIMCThIX MPEICTABUTEICH
poaa Anthurium L. mpoBoauiu crnemyrommm oopa3oM. HaBecky nucTheB Maccoit
2 1t (a=2000 Mr) uaMenpyaiay HOKHULIAMH M TIOMEIANIM B CTYNKYy. B MepHOM
WIHHAPE OoTMepstii 30 MJI CIIUpPTa W TMEPEHOCWIM B YHUCTHIA CTaKaHYMK.
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Marepran B CTyIKe 3ajJlMBaJIM CHUPTOM M3 CTAKAHYMKA /—8 MJ M pacTUPAIH
710 COCTOSIHUSL OJTHOPOJHOM Kammibl. Jlanee 100aBisiiM B CTyNKY HPHUMEPHO
MIOJIOBUHY OCTaBILIErOCs CIIUPTA, IEPEMEIIMBAIIH U BCE COAEPIKUMOE MEPEHOCUIH
Ha CKJIaa4aTblii (QUIbTp, MpPEIBAPUTENIBHO CMOYEHHBIN crnupToM. OcTaTku
CHMPTa UCHOJIB30BAIN JUIsl ONOJACKWBAHUS MECTUKA U CTYNKH U MEPEHOCUIIH
3Ty KUAKOCTh Ha QuibTp. Ilocne ¢punbTpoBaHus n3Mepsin o0beM (uiabTpaTa
B MEpHOM LMIuHApe, nepeBogwin B jautpsl (b). Ilocne 3toro ompenensau
€ro ONTHYECKYIO0 IUIOTHOCTh C IOMOIIBIO (oToMETpa (POTOMETPUUECKOTO
K®K-3. M3mepenust Ha GpoToMeTpe MPOBOAUIN TPU pa3a U HAXOAWUJIU CPEIHEE
3HAYEHHE ISl KaKI0ro pactBopa [7; 8].

Hanmee mno KanuOpoBOYHOMY TpauKy ONPENCIsId  COACepKaHHUe
xjopoduina (¢). 3aTeM pacCUUTHIBAIM MACCOBYIO JOJIO XJI0PO(DUIIIA B BBITIKKE
o ¢popmyiie:

w=Db-c-100/a (%),

IJie W — MaccoBas Jojis xjopodumuia, b — o0bem ¢unbTpaTa, ¢ — comepikaHue
xJjiopoduia, a — Mmacca HaBecKH [7].

B pesynpTaTe mpOBENEHHOIO aHalW3a IO OMNPENEICHUIO COACpKAHUS
xJiopoduiia ObIJI0 YCTAaHOBJIEHO, YTO B JIMCTHSIX MCCIIEIYEMbIX PACTEHH o011Iee
coniep>kanue xjopoduiuia konednercs B npeaenax 0,049-0,65 (tradnuna).

Tabnuna — Coaeprxanue XJ10poduiiia B JIUCThIX

KommuectBo
O6bem OnTuyeckas Conepxanue
Hagecka, xJiopoduiuia
OOBeKT BBITSDKKH, IUIOTHOCTD, xJopoduia
MT 10 Kanuop.,
MII KI/J B JINCTHIX, %0
MI/II
Anthurium
polyschistum 2000 26 0,22 50 0,65
R.E.Schult.
Anthurium
scandens (Aul.) 2000 21 0,9 196 0,206
Engl.
Anthurium
andraeanum 2000 25 0,19 39 0,049
Linden ex
Andre
Anthurium
cordatum (L.) 2000 15 1,02 157 0,166
Schott
Anthurium
olfersianum 2000 22 1,06 229 0,252
Kunth
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Kax Buamm, Hambosee BBICOKOE coaepkaHue Xyopodrria HabmogaeTcs
y Anthurium polyschistum R.E.Schult., cambrii HH3KHI TIOKa3aTeb OTMEYCH
y Anthurium andraeanum Linden ex Andre.

B pesynbTare MpOBEACHHOTO HCCIICIOBAHUS COJCPKAHHS XJIOPOQHILIA
B JIUCTBSIX MpeJacTaBUTeNeH BuAoB poxa Anthurium L., mpowmspacTaromux
B 3UMHEM cajy oTiaeia «boTaHMUYeCKUe 3KCIO3UIUIY», MOXKHO CAETIaTh BBIBOJI,
4TO CoJIepKaHKue XJI0podUILIa HAXOAUTCS B OOPATHON 3aBUCHUMOCTH OT BBICOTHI
PacIIOIOKEHUST PACTCHHUS: YEM MEHbBIIIC PACTCHHUE MOJIydaeT CBETa, TeM OOJIbIIIe
B €T0 KJIETKAX COJEPIKUTCS XJIOPOPHILIA.

Huskoe comepkanue xmopodmmia y Anthurium andraeanum Linden ex
Andre 0OBSCHSICTCSI €0 PACIIONIOKEHUEM Ha BEPXHHUX SPycax, KyJa MOMaJaaroT
COJHEYHbIE Jy4d. [IpM BBICOKOH WHTCHCHBHOCTH CBETa CPAaBHHUTEIBHO
HEOO0JIBIIIOE KOJIMYECTBO XJIOPO(GUILIa MOXKET MOTJIONIATh €r0 JUIS JTOCTHKCHUS
CBETOBOT'O HACBHIIICHUS M OCYIICCTBICHUS aCCHMUJISIIIMOHHON (DYHKIINU.
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1. 1. MUCIOJISAY, 1. B. MUHEEBA?! 2
'Benapycn, Munck, BI'Y
’benapych, Munck, HUM OXII BI'Y

MYJIbTUKOMIIOHEHTHBIE PEAKIIMU IIOJTYYEHUA
2-AMHUHO-3-IIUAHO-4H-XPOMEHOB 1 OIIEHKA
X AHTUBAKTEPUAJIBHBIX CBOMUCTB IN VITRO

MynsTukOoMIOHeHTHbIE peakuuu (naiee — MKP) — nepcnexkTuBHBIN
METOJ TIIOJYyYEHHUS BEIIECTB C PA3JIMYHOM MOJEKYJSIPHOM CIIOKHOCTBIO.
Ero cuHTETHMYECKAs] NPUBIEKATEIBHOCTh COCTOUT B TOM, 4YTO JOCTATOYHO
CJIOXHBIE MOJIEKYJIbI 00pa3yloTCsl B pe3yJibTaTe OJHOM MYJIbTHKOMIOHEHTHOM
TpaHchopmary [1].

C onHO# cTOPOHBI, 2-aMUHO-4H-XpOMEHBI BXOJAT B COCTaB JOCTATOYHO
HMIMPOKOTO0 4YHCJIa OHUOJOTMYECKH AaKTUBHBIX COEOUHEHHH [2], ¢ napyrol —
pasauyHble MX MPOU3BOJAHBIE O0JaNal0T IIUPOKUM CIEKTPOM OHOJOTrHYECKON
aKTUBHOCTH: aHTUOAKTEPUATIbHON, IPOTUBOTPUOKOBOM, aHTUIIPOJIU(PEPATUBHOM,
IIUTOTOKCHYECKOM, MHTUOUPYIOIINM JISHCTBUEM Ha TUPO3MHA3Y U JIp. [3—6].

Taxxe paHee HaMH JUIsl HEKOTOPBIX MPOU3BOJHBIX 2-aMUHO-3-1IMaHO-4H-
XpoMeHa ObLIH TIpoBeeHbI 1N SiliCO pacueTsl, TOKa3bIBAOIIHE MOT00HBIC BUIBI
aKTHBHOCTH, a TaK)K€ HEKOTOpbIE UX pa3nuuusd [7]. B cBsA3M ¢ BbIlIECKa3aHHBIM
aKTyaJbHOW 3aJa4eil CTAHOBUTCS MOUCK MyTeW CMHTE3a U (YyHKIHMOHAJIU3ALUU
pa3IMYHBIX TPOU3BOJHBIX 2-aMUHO-3-IIMaHO-4H-XpOMEHOB, a TaKkXKe TepBUYHAs
OLICHKA aHTHOAKTEPUATBHBIX CBOMCTB IAHHBIX IIPOU3BOIHBIX B YCIOBHUSX 1N VItro.

B 3aBucumoctn ot cyOctpata ycinoBus mnposenenus MKP  wmoryt
NPUBOANUTH K PA3IMUHBIM pe3yJibTaTaM (PUCYHOK 1).

CN
20mol % ZDmUI/
o w  EOH T CHON
5

(THF)
N

NC CN

3

Pucynok 1 — MynbTUKOMIOHEHTHAs peakius gumenona (1),
2-ruapokcuHadTanbaeruaa (2) u MmagsoHoHuTpuia (3)
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[Ipu mpoBeaeHWMM MYyJIBTUKOMIIOHEHTHOM peEakiuu auMenoHa 1,
2-ruipokcuHadTanpAeruga 2 U MAJIOHOHUTpHIA 3 B Cpele JTaHOIA U B
npucyTcTBun Karanuzaropa DMAP (20 monbH. %) pe3yiabTaT peakiiuu He BCeraa
npeackazyeM: BO3MOXKHO 0O0pa30BaHME HEKOTOPOIro KOJMYECTBAa MpOAyKTa 4
(2-amuno-4-(4,4-numetnii-2,6- 1uokconukiaorekcun)-4 H-oenso[f]xpomen-3-
KapOOHHUTpHUIA), HO B OOJIBIIMHCTBE CIy4aeB NpPHU JIAHHBIX YCJIOBHSX
HaOM0aeTCsl  HakoiwieHne npoaykra 5 (3-umuno-3H-0enso[f]xpomen-2-
KapOOHUTpPHUIIA).

Heckonbko Oonee OMHO3HAYHO MPOAYKT 4 MOXKET OBITh TOJYyYeH B
MPUCYTCTBUM TOro *e katanuzatopa (DMAP, 20 monbH. %) B cpezie MosIpHbIX
anpOTOHHBIX pacTBopuTened. Hawmmydmme pe3ynbTaTel B 3TOM OTHOIICHHUU
MOJYYEHBbl IS alleTOHUTpWia W TeTparuapodypana (tabmuma 1). B Takux
TOJIAPHBIX AIPOTOHHBIX PACTBOPHUTEIAX, Kak auMeTwicyabpokcua u CH,Cly,
py 000MX TEMIIEPATyPHBIX PEKUMaxX MPOUCXOIUT 00pa30BaHWE B OCHOBHOM
IPOJYKTa 9.

Tabnuna 1 — Pesynberatet MKP mMexny coenunenusmu 1, 2 u 3 B alleTOHUTPUIIE
U TeTparuapodypaHe Mpy pa3HbIX TeMIIepaTypax

PactBoputens/IlapameTp Temneparypa, °C [IponykT Beixon, %
25 5 83,3
Terparunpodypan (THF) 100 4 18.6
o5 &) 73,3
Aueronutpui (CH3CN) 4 19,7
100 4 75,6

Heckonpko Oonee OJHO3HAYHO B OTHOIIEHUHM MOJy4aeMOro MpPOIyKTa
MPOTEKAIOT pEakiuu B cpele HOHHOW kujakoctu (maimee — WXK) —
METUJIOKTHIMMHIa30iuid  xjopuaa 6 (pucyHok 2). B mannom ciyuae MK
BBOJIMJIACh KaK COOCTBEHHO PACTBOPUTEIb M KaK KaTaIM3aTop (KaTAIUTUYECKHE
konuuectBa VDK B cpene stanona). HecMoTpsi Ha KaueCTBEHHO OJIHO3HAYHBIM
pe3ynbTaT — 00pa3oBaHHe MPOAyKTa 4, B KOJUYECTBEHHOM OTHOIIEHUU €CTh
HEKOTOpasi HEOJTHO3HAYHOCTh (Tabmuna 2). Ilo-Buammomy, Mpu MPOBEACHUU
MKP B cpene (unu B mpucyrtctBuu) MK 6 memnecoobpa3Ho BeCcTH UX TpH
HarpeBaHHH.

[ \> cr

Pucynok 2 — Metunoktrmiimmuagazoaui xjiaopu (6)
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Tabnuna 2 — Pesynsratel MKP Mexny coequnenusimu 1, 2 u 3 B MOHHOM
AKHUJKOCTHU 6 MPH pa3HbIX TeMIepaTypax

Cucrema/Ilapamerp Temneparypa, °C [Iponykr Brixoz, %
NX 6/EtOH (kak xaTaiu3atop) 12050 j ;g,g
NX 6 (kak pacTBOpUTEIID) 12050 j 23é33

[TpumeuaTener TOT ¢akT, uro npu npoenennu MKP ¢ mupazonnHOBEIME
MIPOU3BOIHBIMU TaKHE PEAKIIMH Uy T B Cpelie ¢ dTaHoIoM (KatanuzaTop — DMAP,
20 mompH. %). CxeMa peakiiiu, a TakKe BbIXOJI MPOAYKTa PEaKIUU MPUBEICHBI,
COOTBETCTBEHHO, HA pUCYHKe 3 U B Tabuie 3.

N——NH
CHO /
H R o)
N OH
)|\>:0 + DMAP
20 mol %
R —_— CN
EtOH
7a-6 + 2
NC/\CN © N
3 8a-6
7a: R=CHs 8a: R =CH,
76: R = -C4Hq 86: R = i-C4Hg

Pucynok 3 — MyJIbTUKOMIIOHEHTHAS PEAKIIHs MTUPA30JIMHOBBIX MPOU3BOHBIX
(7a—0), 2-runpokcuHadTanpaeruaa (2) u manononutpuia (3)

Ta6muma 3 — Pesynsratel MKP Mexny coenunenusmu 7a—0, 2 u 3

Cybcrpar Temneparypa, °C ITponykr Brixon, %
Ta 25 8a 69,4
70 25 80 76,2

[IpuBneKaTEeNbHOCTh JAHHOTO MOAXO0JIa COCTOUT B TOM, UTO B PE3YJIbTATE
npoBeneHuss MKP B yka3aHHBIX YCIOBHSX BO3MOXHO IMOJy4YaTh MPOU3BOIHBIE,
BKJIIOUAIONIME B ce0s KaK MUPA30JMHOBBINA, TaK M XPOMEHOBBIM (PparMeHTHI
C YAOBJIETBOPUTEIHHBIMH BBIXO/IAMHU.

[TosydeHHbIE COCIUHEHHUS TECTHUPOBAIMCH Ha KyjabType Azotobacter
chorococcum Beijerinck, KyabTypa KOTOPOIrO BbIIEICHA HAaMU M3 IIOYBHI.
Brigenenre mpoBOAMIIA MOCPEICTBOM HMHOKYJIUPOBAHHS 0€3a30THOM >KHIIKOU
MUTATEIBHOM cpenbl Jmdu oOpasiioM MmouyBbl Maccod mpumepHo 300 wr.
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[Tomydyenne YHMCTOM KyJBTYpPbl OCYILIECTBIBUIA IIyTEM II0CEBAa METOAOM
ucTomfaroniero mrpuxa mo Koxy Ha Toi e nuTateabHOU cpene ¢ J00aBIeHHEM
otBepautens — 1,5 mac. % arap-arapa. OneHKy aHTHOAKTepUaTbHOW aKTHBHOCTH
OPOBOJUIAN JTUCKO-TU(DPY3UOHHBIM METOAOM: OyMaxkHbld Kpyr d =35 mm
cmauyuBamu =~ 15-20 %-m pactBOpoM CHHTE3UpOBaHHBIX BemectB B DMSO
(MHEpTHOCTh ~ OaKTEPUAIBHOM  KyJbTypbl K  YHUCTOMY  pacTBOPHUTEIIO
nonreepxkaeHa). Yamku Iletpu ¢ OGakTepuaabHBIMU KyJIbTypaMH HaXOJWUJIUChH
B ycnoBusax 25°C Bechb MNEpHOJ KyJIbTUBUPOBaHUA. boliee-mMeHee SIBHBIC
HEPBUYHBIE PE3YJIbTAThl AaHTUOAKTEPUATBHON aKTUBHOCTH (PUKCHPOBAIIUCH HAMU
Ha 8—20-e CyTKU KyJIbTUBUPOBAHUSI.

AHTuOaKTepuagbHas AaKTUBHOCTh TMpoaykTa 4 Oblla 3aMedyeHa Ha
10-e cyTkm KyJIbTUBHpPOBAHHS B BUAE Oojice-MEHEE SBHOW 30HBI MOPAKCHHS
B TpPEX TOUukax BHeceHHs aucka. Ha 20-e cyTku QpuKcHpoBamy HHTHOMpPOBAHHUE
OnocuHTe3a MelaTOHNHA (KyJIbTypalbHBIN MPU3HAK JaHHOU OakTepun). [Ipumep
COCTOSIHMSI KYJIbTYpPhl Ha HA3BaHHBIX 3Talax MPUBEIEH Ha pUCYHKE 4 (TOYKHU
BHECEHHSI M 30HbI TOPAKEHUST OTMEUYEHBI MAPKEPOM).

Pucynok 4 — Coctosinue KyiabpTypbl Azotobacter chorococcum va MomeHT
10-x (cneBa) u 20-x (crpaBa) CyTOK KyJbTHBHPOBAHHUS B YCIOBHUAX IN VItro

[IponykT 5 aHTMOaKTepuadbHOW AKTUBHOCTHIO HE 0O0Jamanm: B TOUKE
BHECEHUS (UKCUPOBATN OOMIBHBIN POCT MUKPOOPTaHHU3MOB.

B ciyuae BemecTBa 8a QuKcHpoOBaIM YETKO BBHIPAKEHHYIO aKTHOAKTEpH-
aJIbHYI0 aKTUBHOCTb M MHIMOMpPOBAaHHME OMOCHMHTE3a MEJIATOHMHA Ha TEX Ke
JTamax KyjiabTHBUpoBaHUs. lIpuMeuareneH ¢akT, 4TO OTIAEIBHO HCXOAHOE
IUPA30JIMHOBOE MPOU3BOAHOE 7a 00J1aan0 MPOTUBOIMOIOKHONW aKTUBHOCTBIO:
B TOUKE BHECEHUS (PMKCUPOBAJIM 3aMETHBIM POCT OMOMACChl MUKPOOPTaHU3MOB.

[IpumeuarenbHO, 4TO U B ciiy4ae NpoAykta 80, U B ciiydae OTHEIBHO
MUPA30JIMHOBOTO MPOU3BOAHOIO 70 (PUKCHUPOBAIM OTCYTCTBUE aHTUMUKPOOHOM
AKTUBHOCTH.
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Takum oOpa3oM, MOKa3zaHHBIC Pa3IMYUsl B AaHTUMHUKPOOHOW aKTUBHOCTU
npoaykroB MKP, 3aBucsmme OT OTAENBHBIX CTPYKTYPHBIX (HDparMeHTOB
IPOAYKTOB,  OOYCJOBJIMBAIOT  AKTYaJIbHOCTh  IIOMCKA  ONTHUMAJIbHBIX
CUHTETUYECKUX METOJOB UX ITOJIyYECHHUS.
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B. U. IMHYYK, M. B. JEBKOBCKAS
benapycs, bpect, bpl'Y umenu A. C. Ilymkuna

OUTONHANKAIIMOHHASA OHEHKA COCTOsHUA
IHOBEPXHOCTHBIX BOJ B YCJIOBUAX TPOM3OHbI
I'. TOMEJIA

B mHacrosimiee BpeMs oco0oe 3HauY€HHE MPUOOpETaeT MPUMEHEHUE
WHTETPAJIbHBIX METOJIOB OLIEHKM TOKCHYHOCTH BOJbl, K KOTOPBIM OTHOCHUTCS
OMOTECTUPOBAHUE — ONPEIEICHUE TOKCHYHOCTH BOJBI Il TUIPOOMOHTOB,
OCHOBAHHOE Ha PETUCTPALIMK PEAKIHI TecT-00beKTOB. buorectTupoBanne MOXeT
3HAYUTEIBHO COKPAaTUTh OOBEM XHMHUKO-aHAIUTHYECKHX PabOT M MPOBOAMUTH
KOHTPOJIb 3arpsi3HEHUH BOJIHBIX 00BEKTOB OoJiee omepaTuBHO [1].

Bungel cemelcTBa pSCKOBBIX TMOKAa3aJid IIWPOKUH CIHEKTP CBOETO
MPUMEHEHUSI B Ka4€CTBE MOJIETLHOTO O0OBEKTa B YCTAHOBJIECHUU TOKCUYHOCTU
U pa3HbIX BUJIOB 3arps3HEHUs] BOJHOM M MOYBEHHOM cpenbl [2]. OcobeHHoCcTH
MOP(}OIOrMUECKOTr0 CTPOEHUS, BBICOKAsi CKOPOCTh BET€TaTUBHOTO Pa3MHOKEHUS,
YyBCTBUTEIBHOCTh K Cpeie OOMTaHMSI ClENalld PICKY YAOOHBIM OOBEKTOM IS
OuoJstornveckoro rectupoBanus [2; 3, c. 188].

Ilens pa®OTBI — OLIEHUTH COCTOSIHME MOBEPXHOCTHBIX BOJ B YCIIOBHUSX
3amaJHOW 4YacTH NPOMBINUIEHHOW 30HBI T. ['OMENs C MCIOJBb30BAHUEM PSICKU
masoi (Lemna minor L.).

B utone — urone 2024 r. Obun 0oTOOpaHbBl MOAENBbHBIE pacTeHust Lemna
MINOIr U3 eCTECTBEHHBIX MOMYJISANUN (Yy4acTOK p. ¥Y3a B OKpecTHOCTX 1. HoBas
byna, ['omenbckuil p-H) M MoMeNIeHbl B MPOObI BOJIbI, B3SAThIE B TPEX TOYKAX
UCKYyCCTBEHHOTO BOJIOEMa, pacmoyiokeHHoro Ha paccrossaun  700-800 m
B 3a1a/IHOM HalpaBJICHUH OT [ OMENIbCKOT0 XMMHUUECKOT0 3aBO/ia HA TEPPUTOPHUH
MPOMBITIUICHHON 30HBI T. ['omens. B kadecTBe KOHTpoJisi ObUTa MCHOJB30BaHA
BoJonpoBoaHas Boda [4, c. 170]. Ilpu mpoBeneHUHn HCCIENOBAHUN B TEUCHHE
21 cyTok yuuThiBasIu crienuduueckue MopdoaorudecKkue U3MEHEHHS JINCTEIOB
pacTeHUil psICKM Mayoil (XJ0po3bl, Hekposbl) [2;4]. 3a omHO pacTeHue
NPUHUMATM MAaTEPUHCKUHN IIUTOK (C IETKaMH MpH Hanuuuu) [5, ¢. 105].

B kaxmyro npoOy BOABI B JACCATUKPATHOW MOBTOPHOCTH U3 TPEX TOYEK
orbopa moMelaau MO MATh PACTeHUM, OMPEACIUIM YKMCIIO IUTKOB (oOiee,
C MOBPEKIEHUSIMHU ), PETUCTPUPOBANIN MOSBICHHUE XJIOPO30B, HEKPO30B COTJIACHO
IPOTOKOJIaM 0 OMoTecTUpoBaHuIo Ha 7, 14, 21-e cyTKH, T. K. XapakTep JeUCTBUS
TIOJUTFOTAHTOB MOJKET CKa3aThes He cpasy [2-5].
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B Ttabnmie mnpuBeneHbl pe3yiabTaThl HCCICIOBAHUNA CIEU(DHUCSCKIX
MOP(]OJTOTHISCKUX PEaKIMi PACKH MajloOl TP BBIACPKUBAHUK B WCCIICIOBAH -
HBIX MPO0Oax.

Tabnuna — OneHka kauecTBa BoJIbl 0 MOP(OJIOTUUECKUM MapaMeTpam
Lemna minor

OOGmiee OTHOILIIEHHE YKCIIa
[Tepuon Yucno JloJs muTKOB
HaOJIOICHUS ocobeit A0 C IOBpeXIeHUsIMU, %0 HUTHOB K IEHCHY
IIIUTKOB oco0eit
ITpoba 1
7 cyTKH 12,4+0,22 | 26,2+0,25 31,7+1,02 2,12 +0,03
14 cytku 17,6 £0,27 36,3+0,3 31,98+1,17 2,06 + 0,02
21 cyTku 23,2+ 0,25 | 47,2+0,25 32,01 +1,07 2,04 +£0,03
ITpoba 2
7 CYyTKH 13,2+0,29 | 26,3+0,21 25,95+ 2,37 240,04
14 cytku 18,7+ 0,45 | 36,6 +0,22 28,42 + 0,94 1,97 £ 0,04
21 cyTkH 24 + 0,26 47.6+0,31 29,62+ 0,76 1,99 +0,02
ITpoba 3
7 CyTKH 13,7+0,3 26,4+0,31 25,38+ 1,22 1,93+0,04
14 cytku 19,1 +0,38 37+0,21 28,42+ 1,32 1,94 +0,04
21 cyTku 248+ 0,44 | 48,2+ 0,25 28,2 +0,92 1,95+0,03
KonTpomnb
7 CyTKH 23,3+ 0,26 | 30,8+0,25 424 +1,08 1,32 +£ 0,009
14 cytku 34,1+0,35 | 45,2+0,39 4,23+ 0,63 1,33 +£ 0,008
21 cyTku 453+0,3 60,8 + 0,25 493+0,73 1,34 + 0,008

Ha 7-i1 nenp npoBeneHust UCCIEA0BAHUN 3apPETUCTPUPOBAHO YBEIUYEHUE
Yyucia pacTeHW pSACKM MaJlod BO BCEX BapUaHTaX OMNbITa B CpPeIHEM
B 2,48—2,74 pa3za, B KOHTPOJIbLHOH mpoOe — B 4,66 pa3a B CpaBHEHUU C HAYaJOM
DKCIEpUMEHTa B TIEpBbIA JIeHb. KOJIWYECTBO JIMCTELOB, COXPaHUBIIUX
MHTEHCUBHYIO 3€JICHYI0 OKpacky, coctamisier 68,3, 74,05, 74,62 % ot oOiero
KOJIMYECTBA B MCCIEAOBAHHBIX Mpobax u jpocturaer 95,76 % B KOHTPOJIHLHOM
oOpasue. J{oyst IMTKOB PACKM Majiol ¢ MPU3HAKAMU XJIOPO30B B TPEX TOUKAX
otbopa rmpoo BojIbI B cpeaHeM paBHa 16,81, 15,28, 12,55 %, ¢ Hekpozamu — 11,43,
10,67, 12,83 %, BTO BpemMs Kak B KOHTpOJbHOM Bapuante 2,61 u 1,62 %
COOTBETCTBEHHO. B mepBoil mpoOe omucaHbl pacTeHHs, UMEIOIIUE MNpPU3HAKU
MOBPEXKICHUS XJIOPO30M U Oypble MATHA HA MIMTKax ogHoBpeMmeHHo, — 10,84 %
OT 00IIIETO KOJNYECTBA TTOBPEIKICHHBIX.

B nepuon oxoHuaHus 3KcriepuMeHTa, Ha 21-€ CYTKH, CleyeT OTMETUTh
JAIBHEHIIYI0 TCHACHIIMIO K YBEIHUYCHHIO KOJIMYSCTBA pacTeHuid Lemna minor
U IIUTKOB BO BCEX BapuaHTax OmbITa. [0 MMUTKOB 0€3 W3MEHEHMSI OKPacKU
B Tpex mpobax B cpenHem cocraswia 67,99, 70,38, 71,8 %. B cpaBHeHun
C pe3yJbTaTamu, MOJYYEHHBIMU Ha 7-€ CYTKH, 3aperMCTPUPOBAHO HEKOTOPOE



118

yMeHbIIIeHue: He3HauutenbHoe, Ha 0,15 % — B mepBoit mpobde, 3,67, 2,82 % —
BO BTOpONl U TpeTheil mpobax, 0,69 % — B koHTpodbHON mpobe. B Tpex
WCCJICIOBAHHBIX MPO0ax KOJUYECTBO IIUTKOB PACTEHUU PSACKH B CpPEAHEM
coctaBuiio: ¢ noxenrennem — 14,05 %, ¢ wamuuuem Oypwix msateH — 12,8 %,
B KOHTpoJIbHOM Bapuante — 2,8 u 1,1 % cooTBeTcTBeHHO, 4TO B 5 1 11,6 paza
HIDKE OMBITHBIX JaHHBIX. JloJIs1 TOBpPEXIEHHBIX IIMTKOB B TpexX IMpobdax
Ha 21-e cyTku paBHa 32,01, 29,62, 28,2 % u B kouTpose — 4,93 %.

OTHOIIEHHWE YHCIIa IMUTKOB K YUCIY MOJCIBHBIX OCOOed PSACKH Majion
B OMNBITHBIX BapHaHTax BapbUPYET B CPEIHEM B HE3HAUMTEILHOM JHAIla30HE
ot 1,95 1o 2,04 npu cTeneHu MOBPEKACHUS IIIUTKOB, U3MEHSIOIIEHCS B Mpeieiax
ot 28,2 mo 32,01 %. Ilomy4yeHHBIC MaHHBIE COOTBETCTBYIOT TPEThEMY KJIAcCy
KadyecTBa BOJAbl (YMEPEHHO 3arpsi3HeHHas). B KOHTPOJbLHOM BapuaHTE
MOKa3aTesib OTHOIICHUSI YKCia IUTKOB K YUCITY PACTEHUI PSCKU BapbHUpPOBAI
ot 1,32 (7-e cyT.) 1o 1,34 (21-e cyT.), 7O IIUTKOB C MTOBPEIKICHUSIMH COCTaBHJIa
4,24 n 4,93 % (Il xmacc — uncrast Bozia).

Takum 00pa3oM, pe3yJbTaThl UCCIIECIOBAHUIN COCTOSHUSI TOBEPXHOCTHBIX
BOJI HCKYCCTBEHHOIO BOJOE€Ma B  YCIOBHUSAX IPOMBIIUICHHOW  30HBI
r. 'oMens mo3BOJISIIOT OIEHUTh CTEINEHb 3arps3HEHHUS] BOJILI KaK YMEPEHHYIO,
yT0 cooTBeTCTBYET Il KITaccy kauecTBa BOJIBI.
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O.B. IOAYBHAA, Y. O. AIEKCAHIPOBUY
benapycs, ['opku, BI'CXA

KPATKHI SKCKYPC B XUMHUYECKHUE OCOBEHHOCTHA
IHOJIMUMEPOB

[Torumepsl B TOcI€HEE BpeMs HALUIM IIUPOKOE IPUMEHEHHE
B COBPEMEHHOM MHUpE Olarojaps CBOMM YHHKAJIbHBIM IOTPEOUTEIbCKUM
cBOicTBaM. B CBf3M Cc 3TUM Ha MOJIMMEpHBIE MaTepUaibl YacTO BO3JIArarOTCs
OTBETCTBEHHBIE 33/1a4d IPH CO3JaHUU KOHCTPYKTHBHO CJIOKHBIX MaTe€pHaIOB,
HampuMep MeMOpaH sl yJbTPATOHKOM OYMCTKM W pa3JIeJI€HUsl BEIECTB
Ha MOJEKYJSIPHOM YpOBHE, AaHHU30TPONHBIX Cpel C IepecTpauBarolIencs
apXUTEKTYPOM, MPU U3TOTOBJIEHUU CJIOKHBIX 3JIEMEHTOB PAa3JIMYHbIX MPUOOPOB
U YCTPOMCTB (MHMKpPOAJIEKTPOHMKA), MPU CO3JAHUM JIPEBECHO-TIOJIUMEPHBIX
kommo3uToB [1; 3].

bonee Tpex yerBepTell 36 MHOM KOPBI COCTAaBJISAIOT MUHEPAJIBI, IPUPOIHBIE
HEOPTaHUYECKHE MOJMMEpPbl. K HUM OTHOCSTCA KBapLEBBIM IECOK, KOTOPBIU
npejcTaBiIsieT co00il MOoNMMMEpPHBIA OKCHJI KPEMHHMS, TaKKe TMAPaTUPOBAHHBIN
B BUJIC KPEMHSI WJIM araTta, BOJOKHUCTBIM acOECT, KAOJWH M OOBIYHYIO TIIMHY,
T. €. TOJIEBOM MIMNaT, MCIOJBb3YEMbI AJIi M3TOTOBJIEHHUS KuUpnu4a, (asHca,
a TakKe NPO3PAYHYI0 IUIACTUHYATYIO CIIOY — OTIUYHYIO SJIEKTPUYECKYIO
U30JISLUIO.

[Tonumepsl — 3TO BEIIECTBA, COCTOSIINE U3 MHOXKECTBA MOBTOPSIOIIUXCS
CTPYKTYPHBIX €IUHUI] — MOHOMEpPOB. BMecTe oHM 00pa3yloT MakpOMOJIEKYIy.
B HHM3KOMOJEKYJSIpHBIX MOJUMEpax WX MEHbIIE, B TO BpeMs Kak
B BBICOKOMOJIEKYJISIDHBIX — OIPOMHOE KoaudecTBO. Ilo ymcily MOHOMEpOB
B MakpOMOJIEKyJ€ ONpeleseTcss CTeneHb nojauMepusauuu. I[lommumepsr
10 MOJIEKYJISIPHOM CTPYKTYpE AENIATCS Ha JIBA BUJA:

1) amop(HBIC — PU OXJTKICHUN UX MOJICKYJIBI IPHHUMAIOT Xa0TUIECKUN
NOPSZIOK, U B PE3yJNbTATe 3TOrO IPHU OINPEACIICHHBIX TEMIEpAaTypax JaHHBIC
MOJINMEPHI TBEPJICIOT;

2) KpUCTAJUIMYECKUE — Y HUX YeTKas (YHopsIoueHHas) CTPYKTypa Ienei
MOJIEKYJI ¥ 33 CYET 3TOT'0 OHU CJIABSITCS OOJBIIEH MPOYHOCTHIO.

[Tonumepbl OTIIMYAKOTCS 1O METONYy IPOU3BOJACTBA. HATYPAJIbHBIE;
CUHTeTHYEeCKME (y HHUX HET aHajoroB B MPHUPOAE); MOAUPUIMPOBAHHBIC
(M3MEHEHHBIMU 00 PU3UUECKUM, JIUOO XUMUYECKUM ITYTEM).

CnenyeTr yuuThiBaTh (DaKTOPHI, BIUSIONIME Ha XUMUYECKYI0 CTOHMKOCTb
MOJIUMEPOB:

— BHJI IUTACTHKA (TUICHKA, TPYOBI, IUCTHI, CTEPIKHHU, TTEHA U T. 11.);

— c1moco0 ero Mpou3BO/ICTBA;
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— Hanu4ure J00aBOK, YIyUIIaloUMX CBOWCTBA IMOJIUMEPA;

— MOJIEKYJISIpHAsl Macca MaTepHralla U CTENEHb €ro KpUCTAJUIMYHOCTH;

— TEMIIEPATYpa, P KOTOPOH NPOUCXOIUT KOHTAKT C XUMUKATOM;

— BpeMsl HaXOXICHUS B arpeCCUBHOMU CpeEJIE;

— KOHIIEHTpAaIMs XMMUYECKOT0 BeriecTna [3].

[TonumepHble MaTepualbl TakXKe CTald HEOThEMJIEMON  4YacThbio
CEeJIbCKOTO XO034iCcTBa, oOecrieunBas 3(G(HEKTUBHOE HCIIOIb30BAHUE PECYpPCOB
U TIOBBILLICHUE YPOKAMHOCTU. YBEPEHHO BBITECHSS TPaJAMIIMOHHBIE MaTepUallbl,
UCIIOJIb3yeMbI€ arpapusiMi JUIsl BEICHHSI CEIbCKOTO XO3SUCTBA, MOJIMMEPHI
npUOOpeTaOT BCe OOJBIIYI0 MOMYIsIpHOCTh. [lonnMepsl moMoraroT MOBBICUTD
YPOXKaHHOCTh KYJBTYpP, YHPOIIAIOT Mpolecc OOpbObl ¢ COPHAKAMH, BBIBOAST
Ha HOBBIU YPOBEHb 3(PPEKTUBHOCTH MPUBBIYHBIC TEXHOJOTUH MMOJMBa [1].

XUMHYECKasi CTPYKTypa MOJIMMEPOB, T. €. XUMHUYECKHI COCTaB U CIOCOO
COEJIMHEHHS aTOMOB B MaKpPOMOJIEKYJIE, HE ONPENeNsieT OJHO3HAYHO MOBEICHHE
MoJMMEpHOro Marepuana. (CBOWCTBA MOJMMEPOB 3aBUCAT HE  TOJBKO
OT XUMHUYECKOW, HO M OT HUX (U3UYECKOU (HAAMOJICKYISIPHON) CTPYKTYPHI.
CTpyKTypHBIE IIPOLIECCH U3YYalOT C MOMOIIBI0 METOJIOB, KOTOPBIE OCHOBAaHBI
Ha H3MEPEHHHM 3aBUCHUMOCTH KaKoro-JIn0O ToKazareys (PU3NYECKUX CBOWCTB
IOJINMEPHOTO MaTepuajla OT €ro CTpykrypbl. Crola MOXHO OTHECTH:
METOJIbl TEPMUYECKOTO aHaiu3a (U3MEpPEHHE TEIUIOEMKOCTH, TEMIIepaTyp
nepexonoB, auddepeHInanbHbIA TEPMUYECKUNA aHalu3), 30HJOBBIE METO/IbI
(TepMOAMHAMUYECKUX TMapaMeTPOB B3aUMOJICUCTBHS OPTaHMYECKUX BEIECTB
C mojauMepamMu: KOI(PQPUIIMEHTHl PACTBOPUMOCTH, OJHTAIBIHHU COPOLINH,
napiyanbHble MOJBHBIE SHTAJBIIMKA CMELICHHUSA, [apaMeTp pPacTBOPUMOCTH,
OIpeJeieHre BETUYUHbI CBOOOTHOTO 00BbEMA B OJMMEPaX U Ap.), MEXaHUYECKHE
(u3MepeHrne MPOYHOCTHBIX, A€(POPMAIIMOHHBIX W PETaKCAllMOHHBIX CBOWCTB),
AIEKTPUUECKHUE (IUATEKTPUYECKas MPOHUIAEMOCTh, AUJIEKTPUUECKUE TTOTEPH )
U JIAJATOMETPUYECKHE METO/Abl. PaccMOTpUM HEKOTOpBIE W3 MEPEUYHMCIICHHBIX
MeTo 0B [2; 3].

K mMeTonam TepMHUECKOTO aHajau3a OTHOCSATCS METOJIbI, MO KOTOPBIM
MOXHO OIIEHUBAaTh CBOWCTBA IOJMMEPOB B XOAE H3MEHEHHUS TEMIIepaTypbl
(oxnaxxnenue win HarpeBaHue). CamMbIMH PacHpOCTPaHEHHBIMH  SIBJISIFOTCS
muddepennmansuas ckanupytomas kanopumetpus ([ICK), tepmorpaBumerpu-
yeckuid ananus (TT'A), nuHamudeckuit Mexanndeckuit ananus (JJMA).

Huggepenyuanvnas  cxanupyrowas  Kaiopumempus — OCHOBaHAa Ha
U3MEPEHUH Pa3HUIbl TEIUIOBBIX MOTOKOB, MAYIIMX OT HCHBITYyeMOro o0Opasia
u oOpasla CpaBHEHHUs, KOTOphIE O0O0pa3yloTcsi B pe3yjibTaTe H3MEHEHUs
bu3MYEeCKUX WM XUMHUYECKUX CBOMCTB HUccaeayemoro matepuana. [lonyuaemas
uH(popMaIUsl TO3BOJSET OMNPENEATh XapakTep MNPOTEKAOIMIMX MPOIECCOB
U XapaKTepU30BaTh CBOMCTBA MOJMMEPHOro Marepuaina. Paznuuue TerioBbIX
MOTOKOB BO3HUKAET BCJEACTBUE TAaKUX TEIUIOBBIX A((PEKTOB, Kak IJIaBIECHUE,
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KpUCTAJUTM3AIMsA, XUMHUYECKUE PpPEaKIuu, MOJIUMOpP(GHBIE TpEBpallCHHS,
UCIIapeHne U Jap. B pe3yiaprare MOXKHO  ONPEACIIUTH  YIEIBHYIO
TEIJIOEMKOCTh U H3MEHEHHU TEIUIOEMKOCTH, HAIIPUMED, B IPOLIECCE CTEKIOBAHUS
noaumepa [2; 3].

Tepmocpasumempuyeckuii anaiu3 — 3TO METOJ, B OCHOBE KOTOPOTO
JEKUT TIOCTOSHHOE B3BELIMBAHHE O0pa3la MpyU HM3MEHEHUU TEMIIepaTypbl
C IMMOCTOSIHHOW CKOPOCTBIO B 3aBUCUMOCTH OT BpeMeHU. OH MO3BOJIAET, UCIIOIb3YS
HEOOJbIINE KOJMYECTBAa BEUIECTBA, IMOJNy4YaThb HH(OpPMAIMIO O KHHETHUKE
U MEXaHM3ME JACCTPYKLIHMU TMOJIMMEpPa, €ro TEePMOCTOMKOCTH, TBEpAO(a3HbIX
peaKkuusax, a TaKKe OINPENENsATh BJAry, COAEPKAHHE OCTATOYHBIX MaTEPUAIOB
B mnoaumepe (MOHOMEp, PACTBOPUTENb, HANOJHUTENb), H3y4aTh IPOLECCHI
copbiuu U coctaB 46 KOMIO3UIIMOHHBIX MOJMMEPHBIX MarepuanoB. Eciu
Kk TI'A-ananumzaropy mnoakmounts HWK-Oypee wunm  Macc-cnekTpoMmerp,
TO aHaJIW3 BBIJCIMBIIUXCSA Ta30B JACT MOJHYI0 HH(OpPMAIMIO O MEXaHU3ME
CJIOKHBIX TEPMOXHMMHUYECKUX TIpolleccax, KOTOpPhIE HJIYT B TOJHUMEpPE MpHU
MOBBIIEHUN TEMIIEPATYPHI.

Jlunamuueckuu mexanuueckuti anHaau3 TMPUMEHSIETCS I UCCIEN0BaHUN
3aBUCHUMOCTH MEXAaHWYECKUX U BSI3KOYNPYTMX CBOWCTB (CIABUT, PACTSKEHHE,
CKaTue, TPEXTOYEUHBIM W KOHCOJBHBIM M3ru0) MOJIUMEPHBIX MAaTEpUATIOB
OT TeMIepaTypbl, BPEMEHHM M YaCTOTbl NIPU BO3JICUCTBUU MEPUOAUUYECKUX
Harpys3oxK.

YtoO6Bl TOBaphI U3 MOJUMEPOB HE pa3arajuch B pe3yJibTaTe BO3ACHCTBUS
IPSIMBIX COJIHEYHBIX JTy4el U CONMPUKOCHOBEHHUS ¢ aTMOCHEPHBIM KUCIOPOIOM,
B CHHTETUYECKYIO CMECh JUIsl MPOM3BOJCTBA TUICHOK M IUIAHTOB J00aBISIOT
npucaakud. 3a cueT (OTO3alIUTHBIX CBOWMCTB  JI00AaBKM  COKpAILAIOT
HexenarenbHbie 3pdexTo. PaccMoTpuM Hanmbosee UCTOIb3yeMbIE TOTUMEPHI —
aKpUJIOBOE CTEKJIO U MOJMKapOOHaT.

Axpui (OPrcTeKio) — 3TO MOJUMEp U3 Kiacca TEPMOIUIACTOB Ha OCHOBE
aKpUJIOBBIX CMOJ M J00aBOK, MPHUIAIOIIUX MaTepualy oOcoOble CBOMCTBA.
Ha ero XmMMCTOMKOCTH BIHMSET TO, KaK OBII HW3TOTOBJICH ILIACTHK. JImToe
OpPrCTEKJIO, K MPUMEPY, CO3AAI0T MYTEM MOJUMEPHU3ALNH KUIKOTO MOHOMEpa
MMA. Ero B ropsiueM (pacrjiaBjicHHOM) BHJI€ 3aJIMBaIOT B (hOpMY, MOCIIE€ YEro
OHO OCThIBa€T MW TBepAeeT. [panynst MMA 3aknagpiBaloT B MAIlIUHbI
«OKCTPYAEPb», U3 TOJOBOK KOTOPBIX BBIXOIAT M3JEHUS TpeOyembiX (HopM.
B 06oux cnyuasx monydarot nosmMmetruaMerakpuiat (IIMMA) — onun u TOT ke
IJIACTUK, HO pPa3Hbld II0 cBoOWCTBaM. JIMTOW akpuil MMeEEeT IPOYHBIE CBSI3U
Mouiekysl. OHHM Kak ObI CKJIEEHBI MEXIY COOOU B JUIMHHBIC XUMUYECKUE IICTIH.
YToOBbl pa3pymHUTh TAKOW IUIACTHK, HYXKHO OOJbIIE BPEMEHM U DHEPIUH.
3a cyeT 3TOro OH HE TaK pearupyer Ha WIEJIOYM U KHUCIOTHI, JOIMYCKaeTcs
K IPUMEHEHHIO B BOJIC M Ha yJIHIlEe 3uMoi [3].
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OKCTPY3HOHHBI aKpWi MO COCTaBYy MOJIEKYJ Apyrou. CBsizM MeExIy
HUMU KopoTkue. Kak crneiactBue, 3TOT akpwil MEHEe YCTOMYMB K JIHOOBIM
BO3JICHCTBUSIM, B TOM YUCJIE K XUMHYECKHUM.

B menom akpuioBoe CTEKIO yCTOMYMBO K CIOHPTAM, JKHPaAM
U Heopranuueckum cosisiM. CrepkuBaeT ciadble KUCIOTHI U pa30aBiICHHbBIC
HIEJIOYH U B TO K€ BpeMsi He OOWTCs MUHEpalibHbIX Macesl. Ho paspymiaercs
OT KOHIICHTPUPOBAHHBIX KHUCIOT (a30THOM, COJITHOWM, XpPOMOBOW U CEPHOM),
CUHWIBHOM W TUIABMKOBOM KHUCJOTHI (Jaxke B MaJlOd KOHIEHTpPALIHH),
nedopMupyeTcss OT OSTUJIOBOrO cnupra. B jguxmopatane u  JIpyrux
XJIODUPOBAHHBIX  YIJIEBOAOPOAAX akpui pacTtBopsierca. Ilpm  oumctke
aKPHJIOBBIX M3JCIINI Ha/I0 N30eraTh IIETOK, COCTABOB ¢ abpasuBamu [3].

[TonukapOoHAThl ABIAIOTCA JIMHEWHBIMUA ToduddupaMu  (EHOJNOB U
YTOJBHOM KUCIOTHI. VX MOTy4yaroT NOJMKOHIEHCAuel TUOKCH TN (DEeHMITTTpoaHa
u ¢ocreHa. 1o aMOphHBIA KOHCTPYKIIMOHHBIA TEPMOILIACT, OTIMYAOUTUNCS
BBICOKUM YPOBHEM MEXaHWYECKHUX, ONTHUYECKUX, DJIEKTPUUYECKUX U TEIUIOBBIX
cBOMCTB. OCHOBHBIE CBOWCTBA IMOJMKAapOOHATa: BBICOKAs yAapHas BS3KOCTh
B IIMPOKOM JMAaIa30HE TeMIepaTyp, OOJBIION JMana3oH LBETOB, IISIHIIEBAs
IIOBEPXHOCTh, OTIIMYHAS ONTHYECKasi IPO3PavyHOCTh, BBICOKASI TEIIOCTOUKOCTD,
OrpaHWYEeHHass OrHecTOWKocTh. IlonmmkapOoHaT MoOXeT mnepepadbaThIBaThCs
JUTBEM IO JABJICHUEM, 3KCTPY3HEH, IMPECCOBAHUEM U SBISAETCA ChIPbEM
JUISL IPOU3BOJICTBA U3/ENIUN U MOy (PaOpUKaTOB pa3IMuHOIO Ha3HAUYEHUS.

[TonukapOboHaT cerojnHs NpUBIEKAET K ceOe Bce Oolblliee BHUMaHHUE
BO MHOTHX OTPaciisIX IPOU3BOJCTBA U CTPOUTENIBCTBA, B TOM YHCIIE B KAYECTBE
MaTepuaia, 3aMEHSIOIIEr0 METAIUT U CTEKIIO.

biiarogapst BBICOKOW MEXaHWYECKOW IPOYHOCTH, COYETAOIIEHCS ¢ MaJIbIM
BOJOTIOTJIOIIEHUEM, a TaKXe CIIOCOOHOCTH U3JIETUA M3 HEro COXpaHATh
CTaOWJIbHBIE pa3Mepbl B I[IMPOKOM HWHTEpBaje paboyux Temmeparyp,
NOJIMKapOOHAT YCHEIIHO MCMOJIb3YETCsS MJisi M3TOTOBJIEHUS MPELUU3HUOHHBIX
(T. €. CBEpPXTOYHBIX) JeTalied, HWHCTPYMEHTOB, 3JIEKTPOU3OJIALIMOHHBIX
U KOHCTPYKLUHOHHBIX 3JIEMEHTOB MPUOOPOB, KOPITYCOB 3JIEKTPOHHOU U OBITOBOIA
TEXHUKH U T. 1.

BrIcokas ynapHas BA3KOCTb B COYETAHUU C TEIJIOCTOMKOCTBIO MO3BOJISET
UCIOJIb30BaTh MOJUKApOOHAT Uil M3TOTOBJIEHUS  BJIEKTPOYCTAHOBOYHBIX
U KOHCTPYKIIMOHHBIX 3JIEMEHTOB aBTOMOOWJIEH, paboTaromMX B IKECTKUX
YCJIOBHSIX TUHAMUYECKHUX, MEXAaHUYECKUX U TEIJIOBBIX HArPy30K.

Xopollue ONTHYECKHUE CBOMCTBA (CBETOMPOHHMIIAEMOCTh 10 89 %)
00yCJIOBUJIM MPUMEHEHHE NOJIMKapOOHaTa JJisi U3TOTOBJIEHUS CBETOTEXHUYECKHUX
neraned, CBEeTOPUILTPOB, a BBICOKAs XUMHUYECKass CTOMKOCTh M CTONKOCTH
K  arMochepHbIM  SBJIEHUSIM —  JUIA  CBETOpacceuBarened  Jiam
pa3IMYHOrO Ha3HAYEHUs, B TOM YHCIE OHKCIUTyaTHUPYIOLIUXCS Ha YJIUIE,
Y aBTOMOOUJIBHBIX dap.
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KauecTBeHHBIE 3JIEKTPOM3OIMPYIOIIME CBOMCTBA Marepuaia LEHHbI
JUISL U3TOTOBJICHUS Jeranen ANEKTPOTEXHUYECKOTO Ha3HAYECHUS,
JUTSl IPOM3BOJICTBA KOPITYCOB 3JIEKTPOIPHUOOPOB U 3IEKTPOUHCTPYMEHTOB.

buonoruyeckast ”HEPTHOCTH MOJIMKapOOHAaTa XU BO3MOKHOCTH I0JIBEpraTh
W3ENIAsT W3 HEro CTepUWIM3aluy CHEHaIM JTOT Marepual HE3aMEHHUMbIM
U1  THUIIEBOM  MPOMBINUIEHHOCTH. W3 HEro M3roTaBiMBAalOT MOCYIY
JUISL TIPOJIYKTOB THUTaHMsI, OyTHUIKK PA3IMYHOTO Ha3HAUEHUS, JETajJd MaIlllvH,
nepepabaThIBAIOIINE MHIIEBbIC TPOIYKTHI (HarrpuMep, (GOPMBI IS IIOKOJIAA).

Bricokass  TemIoCTOWKOCTh, BJIArOCTOMKOCTh ®  (pu3moIOTHYecKas
0e3BpeIHOCTh  MOJUKApOOHAaTa  SBJISIOTCS — ONpENeNsIIoNUMU  (pakTopamMu
U Tpu BeIOOpEe Marepuana JUIsi HM3TOTOBJICHUS OJHOPA30BOM  MOCYIBI
JUISL TOPSYMX IHILEBBIX IPOAYKTOB, PA30TPEBAEMBbIX MOJHOCOB U YIAaKOBKH,
HOJUIeKAIeH CTepUIIN3alliY, a TAK)KE Tapbl U eMKOCTEH, TpeOyIOIUX BBICOKOI
CTOMKOCTH K yaapy [2].

Taxum 00pa3zom, Ha CTOMKOCTh MOJMMEPOB K XMMHYECKUM BO3ACHCTBUSIM
BIUseT OOWMpPHBIA psag  pakropoB. MarTepuaibl, HMEIOIIME B OCHOBE
OJJHO M TO JK€ BEIIECTBO, MOTYyT CWJIBHO OTIHYaTbCa. KoMruiekcHbIN
aHalM3 TOMOr JIy4lle Y3HaTh, YTO HPEACTaBIAIOT CO00Ml MOJUMEPHI,
KAaKUE€ y HUX XMMHYECKHE CBOWMCTBA M KAK MX YYHUTHIBATh IIPU HCIIOIb30BAHUU
IIJJACTHUKOB.
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3AJJAYM KBAHTOBOM MEXAHUKHU OF ATOME I'EJIUSI
N MOJIEKYJIE BOJOPOJA: CXOACTBA U PA3/INYUA

Moiekyaa BOIOpOJa U aTOM Telusl — IPUMEPHI OTHOCUTEIBHO MPOCTHIX
KBaHTOBBIX CHCTEM, H3y4aeMbIX B KypcaxX (M3HKH aTOMa U KBAHTOBOU MEXAHHKH.
HecMmoTpss Ha MX HPOCTOTY MO CPaBHEHHIO C MHOTO3JIEKTPOHHBIMH aTOMaMHU
U MHOTOATOMHBIMH MOJIEKyJdaMu (MO0 Ja)ke JBYXaTOMHBIMH MOJEKYJIaMH,
HO COCTOSIIIUMH M3 MHOTOJIEKTPOHHBIX aTOMOB), OHH CJOXHBI 110 CPaBHEHHUIO
C aTOMOM BOJOpPOJa M BOIOPOJIONOJAOOHBIMH HOHAMH. BCleacTBHEe 3TOro
COOTBETCTBYIOIIUI yUeOHBIH MaTepraa OKa3bIBAETCs, KaK MPaBUIIO, HEIPOCTHIM
VIS YCBOEHHS (HAampHUMeEp, HAIWYMe BH3YaJbHO ITOXO0KHX MaTeMaTHYCCKUX
BBIPAKCHHUH HPU U3JI0KEHUN TEOPU 00€HX YIIOMSHYTBIX CUCTEM, KaK IIPaBHUIIO,
HE COIPOBOXKIACTCS Pa3bICHEHHUEM OTIMYUN MEKIY STHMH BBIPAKCHHUSIMHU,
a CaMOCTOSITCIIBHO BBISBHTH 3TH Pa3JIMUMs ydallMecs HE BCEra CIOCOOHBI).
AJbTEpHATUBHBIN MOAXO0/I K U3JI0KEHUIO MaTepHalia, HalpaBJICHHBIN HA PEIICHUE
JaHHOW MPOOJIEMBI, 3aKII0YAaeTCsS B HCIIOJIB30BAHMHM CPAaBHHUTEIBHBIX TAOJIMII.
[MpennoxxeHHbple HIKe TaOmuibl 1-5 cocTaBieHbl Ha OCHOBE CBEICHHIA
u3 [1,c. 312-328], [2, c. 328-355, 424-431], [3, c. 138-139] u mMoryT OBITh

MCITI0JIb30BaHbl B 00pa30BaTEIbLHOM MPOLECCE NPU U3YyUYEHUU (DU3UKU U XUMUHU.

Tabnuua 1 — CpaBHUTENbHAS] XapaKTEPUCTUKA CIIEKTPOB U3ITyUEHUS
aToOMa rejiusl 1 MOJIEKYJIbl BOJOpOIa

Hapawmerp AtoMm renus Mounekyia Bogopoaa
CpaBHEHHUS
CnexkTp MOXHO | CO  CHEKTpaMH  IIEJIOYHBIX | CO CIIEKTPOM aroMa BOJOpoAa
CpaBHUTH meTassios (IIIM)
OcoOenHoctu YpoBHM maparenusi — CHHI- | DIEKTpOHHbIE (B TMpenene JIucco-
pacroIOXKEHUS | JIETHBIE, YPOBHH OPTOTENHsS C TEM | IIMALMK — KAK Y JIByX W30JMPOBAaHHbBIX
ypOBHEMN ke HaOOpOM KBAHTOBBIX 4YHCEN | aTOMOB BOJOPOAA), KoJyieOaTebHbIE
SHEPrUu n, I, m (ecnmu npunnmn Iaynu | (pa3HOCTh MEXIy HUMH MEHbIIE, YeM
HE 3ampelaer CyIIeCTBOBAaHME | MEXIY 3JIEKTPOHHBIMU) U BpallaTellb-
TaKMX COCTOSIHUN ) — TPUILICTHBIC, | HIE (PA3HOCTH €IIEe MEHBIIE) YPOBHH
UX DHEPIrHs HIKE SHEPTUH
OcobenHoctu [To n1Be cepuu ¢ TeMH ke Ha3Ba- | DJIEKTPOHHO-KOJIEOATENbHBIE,
CHEeKTpa HusiMu, yto U y LM, nmpuuem | konebarenpHO-BpallaTeabHble U Bpa-
KaKaash ~ cepus  Iapareius | MATEJbHbIE TI0JOCH (B COOTBETCTBUU
CUHIJIETHasl, a KaxJas cepus | c oOmeill Teopueld MOJEKYISPHBIX
OpTOreNHs — TPUILIIETHASI CIEKTPOB)
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Tabnuia 2 — CpaBHUTENIbHAS XapaKTEPUCTHUKA COCTOSTHIM aTOMa TeJIHsI

M MOJICKYJIbI BOOOPOJa

[TapameTp cpaBHEHUs

AToM renus

Monekyiia Bogopoaa

1.1. OcuoBHoe cocrosinue | CUHTIIETHOE CunrnetHoe

(OC) nJis mapsel SIEKTPOHOB

1.2. HeoOxonuMocCTh Her, T. K. oOmeHHBIN | [la

BBIYMCIICHUS OOMEHHBIX | UHTErpajl  COBIMAJaeT C

uHrerpainoB B OC KYJIOHOBCKUM

2.1. [ToueMy  OCHOBHOE D10 nmpuBoaAuT K ojauHako- | [Ipunuun [laynum ne momyc-

COCTOSIHUE HE SBIIAETCS BOMY Ha0oOpy BCEX YeThIpeX | KaeT, 4YTOObl  IJIOTHOCTb

TPUILJICTHBIM KBaHTOBBIX YHCEN Y OOOWX | BEPOSTHOCTH  HAXOXKICHHUS
ANEKTPOHOB, UTO 3aMPEIICHO | 000MX SJIEKTPOHOB BOJIM3H
npuniunom [laynu MJIOCKOCTH CUMMETPUU

MOJIEKYJIbl ObUTa OOJBIIOH,
II03TOMY KyJIOHOBCKOE OTTaJI-
KUBaHHE IPOTOHOB PUBOHT
K pacraay MOJICKYJIbI

I'padux 3aBucuMOCTH 3HEp-
TMA MOJIKYJBl OT PaccTos-

2.2. O0OpsicHEHHE MaTeMa-
THYECKOM TOUKH 3PEHUS

BonnoBas Qynkuus oOpa-
I1aeTcs B HOJIb

HUS ~ MEXIy  I[POTOHAMH
HE MMEET JIOKAIbHOTO MUHU-
MyMa
3.1. Bo30yxneHHble Ectp Ectp
CHHIJICTHBIE COCTOSTHUS
3.2. Bo30yxneHHble Ects (ecnm  paspemiensl | OTCYTCTBYIOT — (0OBsICHEHHE
TPUILIETHBIE COCTOSHUSA npuHuunoM  Ilaynau;  ux | To ke, yTo ¥ B 1. 2.1 naHHOM
DHEPrusi HIDKE DHEPruu | TabmuIpl AN MOJEKYJIbI
AQHAJIOTUYHBIX CHHIJIETHBIX | BOJOPOJIA)
COCTOSTHUH)

HNanee wucnonb3ytorcs o6o3HaueHus: V¥ — BonHoBas QyHKUUS
(mamee — B®), E, =E, +E,, — sHeprus cucrembl B HyJICBOM IMPUOIIKEHHH,

Ey, = Ey =&, — DHEPrusa OTAENBHOIO 3JIEKTPOHA B COOTBETCTBYIOLIEM aTOME
BOJOPOAA WJIM BOAOPOIONOAOOHOM HOHE remusi, E, — mompaBka mnepBoro
MopsAIKa K DHEPruM C  CUMMETPUYHOM  MpPOCTpaHCTBeHHOM  BO
(T. €. B CHHIJIETHOM IO CIIMHY COCTOsIHMHM), E,, — mompaBka mepBoro nopsuka

K SHEPruu ¢ aHTUCUMMETPUYHOU MPOCTpaHCTBEHHOU B® (T. €. B TpUIIIETHOM
no cnuny cocrosHuun), C, u C, — HOpMHUpPOBOUYHBIE KOHCTaHTHl 111 B®

A

B COOTBETCTBYIOIIUX COCTOSHHSAX, V — KyJOHOBCKHI ONEPaTtop BO3MYIICHHsS
[1, c. 313, 323], T — oOmenHsiii unrerpais, K — KyJoHOBCKHII HMHTerpai,
K, — oOMeHHBIH KyJoHOBCKHMi nnterpan, dz, =dxdy,dz, (1=12) — snements
00beMa MPH BHIYMCIIEHUH HHTETPATIOB IS | -TO DIIEKTPOHA.
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Tabnuna 3 — CpaBHUTENbHAS XapaKTEPUCTHKA YPOBHEH OPTOTENUs U IMapareaus

[TapameTp cpaBHEHHUS

[Taparenuii

Optorenuit

CocTosiHHE, B KOTOPOM Y
000uxX 3JeKTpoHOB N =1,

l=m=0

Mg =—Ms,

PaspemieHo ¢ TOYkM 3peHMs | 3aIpelieH0 € TOYKH
[pUHLIUIA [Taynu, T. K. | 3peHus npuHuuna [laymnmy,

T. K. mSl = msz

T.e. MoxeT ObITb OCHOB-
HBIM (HOpMaJIbHBIM)
COCTOSIHUEM

I[a, HUMEHHO TaK U €CTb

Her (B cumy 3ameuaHus
BBIIIIE)

[pyrue  cocrosiHus, B
KOTOPBIX y DJEKTPOHOB

O/IMHAKOBBIE HaOOPbI
3HA4YEeHUH KBaHTOBBIX
gyucena n, |, m

mg =—-Mg,,  CPaBHCHHE

(cM. 3amevaHue crpaBa)

C aHaJIOTWYHBIMHU COCTOSHHAMU
OpTOorciinAg JIMITICHO CMBbICJIa

Paspemiensl ¢ TOukM 3peHHud | 3ampelieHbl € TOYKH
MpUHIUIIA [Taynu, T. K. | 3peHust npuHuuna I[laymnm,
uxX | T. K. Mg =My,

[pyrue cocrosHus, B KO-
TOPBIX y 3JEKTPOHOB pa3-
JMYHBIE HA0OPHI 3HAYCHUN
KBAaHTOBBIX uKcen n, |, m

COCTOSIHUM opToreiinsa

Paspemiensl ¢ TOukM 3peHus | Pazpemiensl ¢ TO4ku 3pe-
npuHumna Ilaynu, ux sHeprus | Hus npuHuuna llaynum, mx
BBIIE DJHEPIrUM AHAJIOTWYHBIX | DHEPIUsl HMKE DHEPrUHU

AQHAJIOTHYHBIX COCTOSIHUH
raparesusi

YacroTHbiit JMana3oH
CIIEKTPAJIbHBIX CepUi

JICTOBAA 4acCThb CIICKTpa

[IpeumymiectBenno yibTpaduo- | UudpakpacHas u  Buu-

Masda 4aCTHu CIICKTpa

B S -cocrosHuun

MICTIIICHUA

JUaMardiuTCH, HC 06Hapy- IapaMarauTCH, 06Hapy-
KHUBACT 3C€CMAHOBCKOI'0  pac- | JXKUBACT 3€CMAaHOBCKOC

pacliCnjIeHue

Tabnuna 4 — CpaBHUTENBHBIN aHATN3 BOJTHOBOW (DYHKIIMH B ABYX 3a/1auax

[Tapametp cpaBHEHUS

33,[{8.‘{8. 00 aToMme renus

3azada 0 MOJIEKyJIe BOIOpOAa

Onnouactnyusie BO

vi @), (@), vll). wi(2)

WA(]')’ ‘/’A(Z)v l//B(l)' ‘//8(2)

Cummerpuunas BO

+ye Wy? (2)

s 1.2)=C,(yathys(2)+
+y75 (4 (2)

AHTuMeTpuuHas BO

V/s 12 s( 1)Wk
(W2

)
vall2)= a(w

+yy 1)‘//1 2))

k

va(12)=Cy(yaths (2)-
+ys (Mya(2)

[yl @w? W (@i W rde,

C, (20+T)) ™
C. (2a-T)
-

I v a (s (s Wz dr,
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Tabnuna 5 — CocTaBisiomnye SHEPTUU B IBYX 3a/1a4ax

Benmuunna 3anmagya 06 arome reus 3aiaya 0 MOJIEKyJe BOJIOPO/ia

£y JyT 62yt 2Nz, = [V

z//f(l,z)(zdzldrz = (K + Ky )/@+T)

Eia I‘//g* L2V y 2 (L2)drdr, = I\i Va (szzdfld 7, =(K-K: )/1-T)

K V) i @) dear, [V a2 s 0] dride,

Ky j\i vy Wy Wi @y (2)d7,dz, I\i'// AL a(2ys (25 (WH7,d7,

B cratee mpeamomnaranoch, WTO SIIPO aTOMa Tenus SBISETCS anbga-
yacTuleH (ABa MPOTOHA U JIBa HEUTPOHA, CIIMH HYJIEBOM), a sipa 000MX aTOMOB
MOJIEKYJBl  BoAopojga — mpoToHamu. CTaThs SBISETCS  JAOMOJHEHUEM
K myomukanusaM [4], [5] mo 3aTparuBaemoii mpooiiemMe.
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BJIUSAHUE 24-3IIMKACTACTEPOHA U ET'O KOHBIOT'ATA
2-MOHOCAJIMIUJIATA 24-3ITUKACTACTEPOHA HA
MUTOTHUYECKYIO AKTUBHOCTbD KJIETOK KOPHEBOI
MEPUCTEMbI AYMEHS OBBIKHOBEHHOI'O

Coznanne 3(PGEeKTHBHBIX XUMHUYECKUX W OHWOJIOTHYECKUX DPETYJISITOPOB
pocTa pacTEHU OTHOCUTCA K AaKTyaJlbHOMY COBPEMEHHOMY HalpaBJICHUIO
HAy4YHOT'O MOUCKA, T. K. IPUMEHEHHE UX B MU3EPHBIX J103aX MOXKET ObITh BECbMa
(O PEKTUBHBIM 711 CTUMYJIMPOBAHUSI POCTOBBIX MPOIIECCOB U 3aLIUTHI PACTEHUN
ot abuotnueckux crpeccoB [1]. K mpuponneiM perynsaropam pocta pacTeHUN
OTHOCSITCSL OpacCMHOCTEPOUJIbI, MOJIOKUTEIBHOE BIIMSHUE KOTOPBIX Ha POCT
U pa3BUTHE PACTCHH, a TAK)KE HA YCTOMYMBOCTD K JIEUCTBUIO HEOIATONPHUSATHBIX
(bakTOpoB cpeapl U OOJIE3HSIM YCTAHOBJIEHO JUISl Psifia CEIbCKOXO35HCTBEHHBIX
KyJabTyp [2]. B TO ke Bpems 4YMCIO BEHIECTB 3TOrO Kjacca, 00Jagaroiux
3HAYUTENBHON POCTCTHUMYJIMPYIOIIEW aKTHBHOCTBIO, BECbMa OTPaHUYEHO [3].
B cBsI3u ¢ ’TUM BaXKHOM 3a7a4€ll SIBJISIETCSI CHHTE3 M UCIIBITAHNUE HOBBIX BEILIECTB
13 KJIacca OpacCUHOCTEPOUIOB, CHOCOOHBIX OKAa3bIBATh MOJIOKUTEIIHLHOE BIUSHUAEC
Ha pa3IndHbIe (U3HO0TIOT0-OMOXMMUYECKHE TTOKA3aTeNN CeIbCKOX035HCTBEHHbIX
pactenuii. TakuMu  BeIIECTBAMM  SIBJISIIOTCSL  KOHBIOTAThl  MPUPOJAHBIX
OpacCHHCTEPOUIOB C OPraHUYECKUMHU KUCIOTaMH, OMOJOTHYECKass aKTUBHOCTh
KOTOPBIX OCTAETCSI MAJIOU3y4YECHHOM.

JI7ist o1leHKH OMOJIOTHYECKOW aKTUBHOCTH PETYyJIATOPOB POCTa pacTeHUM
UCIIOJIB3YIOTCS pa3IudyHbIe (PU3UOIOTUUECKUE TTOKA3ATEH: BCXOKECTh U DHEPTUSI
MpOpacTaHusi CEMSIH, HWHTEHCUBHOCTh HAYaJIbHOTO pPOCTa IPOPOCTKOB,
aKTUBHOCTbH (DEPMEHTOB, cojiepxaHue xjaopodusia u ap. [3]. OIHUM U3 BaXKHBIX
napamMeTpoB, XapaKTEPU3YIOIIUX BIUSIHUE OMOIOTUYECKN AKTUBHBIX COCIMHEHUM
Ha POCTOBBIE TPOLECCHI, SBISECTCS MHUTOTHUYECKAss AaKTHUBHOCTb KJIETOK
MEpPUCTEMATUYECKUX TKaHeW [4]. DTo CBs3aHO C TE€M, 4YTO POCT PACTECHUU
TECHO KOPpEJIUPYET C MpolieccaMu JIeJICHHS] KIETOK, I03TOMY BIIUSIHUE
PEryJISITOPOB POCTa pAaCTEHUM HAa MUTOTUYECKYIO0 aKTUBHOCTD KJIETOK MEPUCTEMBI
OTpPa)KaeT UuX JECUCTBUE HA POCTOBBIE MPOLECCHI B LIEJIOM.

[lenpto  MaHHOTO  HCCIICIOBAHUS  SIBISICTCS  OIGHKA  BIIMSHUS
24-smMKacTacTepOHa W €r0  KOHBIOTata C  CaUIUIOBOM  KHUCIOTOU
2-MOHOcaMIuiIaTa 24-3MuKacTacTepoHa Ha MUTOTHYECKYH0 aKTUBHOCTh KJIETOK
KOPHEBOUM MEPUCTEMBI STYMEHSI 0OBIKHOBEHHOTO.
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B pabore wucnonp3oBanu ceMeHa SYMEHS OOBIKHOBEHHOTO COpTa
[lenpsiii. Bo3aelcTBUS OCYIIECTBISIIM pacTBopamMu 24 -3muKacTacTepoHa
(mamee — OK) u 2-moHOcanunmara 24-3mukacractepona (S23) B KOHIEHTPAIHIX
101, 10719 10°° 108 107 u 10 Mons/n (M) myTeM 3aMauyuBaHUs CEMSH
B pacTBOpax COOTBETCTBYIOLIMX KOHIIEHTPAIIMI B TEUCHHUE 5 4acOB.

[MpopammBanue cemsH nposoawin cormacio ['OCT 12038-84 [5].
[To nocTuxkeHun Kopemkamu IJIuHbl 1,5-2 cMm, npumepHO yepe3 2—3 CyTOK
nocje Hayaja MpopaniuBaHus, UX (PUKCUPOBAIU B CBEKEINPUTOTOBICHHOM
cnuptykcycHoMm (3 : 1) duxcarope. Llutonornueckue mnpemnaparsl KOPHEBOM
MEpPUCTEMBI TOTOBWJIM OOIIETPUHSATHIM alleTOOPCEMHOBBIM METOJIOM [6].

AHanu3 mpenaparoB C LETBI0 ONpEAeICHUs MUTOTUYECKOW aKTUBHOCTH
KJIETOK OCYIIECTBISUIM Ha MHUKpockorme Mwukmen 5 mpu yBemmueHun 15 x 40.
B kaxaoM BapwaHTe ONbITA MCCICAOBAIM Mpenaparbl 35—6 KOPEMIKOB.
JIJ1s KaXKI0To KOPEIIKa B TPEX MOJISIX 3PSHHSI TPOBOIIIIN TOJICYET YHCIIa KIETOK,
Haxoasmmxcss Ha craausx unHtrepdassl (M), npodazer (II), meradaszsr (M),
anadasbl (A) u tenodassl (T) coorBeTcTBeHHO. MuTtoTnueckuit unaexkc (M),
u3MepsaeMbii B mpomMuiie (%o), pacCCUUTHIBAIIN TIO cleaytorieit popmye (1) [6]:

_ O+M+A+T
T HH+M+A+T+H

MU -1000.

Cratuctuyeckyro 00pabOTKy TIIOJIYUYEHHBIX JIaHHBIX OCYIIECTBISIN
c wucrnoyib3oBaHueM rmporpammel Microsoft Excel. PaccuuteiBanu cpennue
3HAUYEHUS MUTOTHUYECKOTO HMHJAEKCA M CTaHJIapTHbIe OMMOKH cpeaHux. s
OLIEHKH JOCTOBEPHOCTH PA3IMYMIl UCHOIb30BaIH t-kputepuii CtbrogeHTta [7].
[TonydeHHbIe pe3yJbTaThl IPEACTABICHBI HA PUCYHKAX | U 2.

Kak cnegyer u3 pucyHnka 1, MUTOTHUECKUI MHAEKC B KOHTPOJIE COCTABIISIET
86,36 %o0. DK B konnentpamuu 107! M He oka3plBaeT BIMAHHMA HA JAHHBINA
nokaszarens. Ilpu ngeiicteun DK B konmentpamusx 107° 10° u 108 M
HaOmogaercss yBenuueHue MW no 3nauenuit 100,43, 133,01 u 103,79 %o
COOTBETCTBEHHO. [[ns1 koHueHTpaunii K 10° u 108 M Takoe YBEJIMUECHUE
aBigercst JoctoBepHbIM (ipu P < 0,05 u 0,001). Bonee BricOKHEe KOHUEHTpALIH
OK, HampoTWB, BBI3BIBAIOT CHMXKEHUE MHUTOTHYECKOTO HHAEKCa € 86,36 %o
B KOHTpose 10 76,79 %o mnpu konuentpaumu 107 M u 62,61 % npu
koHuenTpanun 10° M (oTmums oT KOHTPOJIA gocToBepHE! mpu P < 0,05 1 0,001
COOTBETCTBEHHO).

N3 naHHBIX, OPUBEIECHHBIX HA PUCYHKE 2, CIIEIyeT, YTO, KaK U B CiIy4ae
¢ DK, S23 B xonnentpanuu 10 M He oka3pIBaeT BAMSAHMS HA MUTOTHYECKYIO
aKTUBHOCTb KJIETOK KOpHEBOW MepucTeMsbl. [Ipu aeiicTBru S23 B KOHIIEHTpaUAX
10%yu 10° M mabmronaercs ysennuenue MU ¢ 86,36 %o B konTpoie g0 107,59
u 112,13 %o B ONBITHBIX BapUaHTAaX.
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Konnenrpamms 24-snukacracrepona, M

Pucynoxk 1 — Biusaue 24-snukactactepona (9K) Ha MUTOTHYECKYTO
AKTUBHOCTbH KJIETOK KOPHEBOW MEPUCTEMBI STUMEHS
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Konuentpanus 2-moHocanumiaTta 24-3nukacracreposa, M

Pucynoxk 2 — Biusane 2-MoHocanmumunaTa 24-3mukacractepona (S23)

Ha MUTOTHYCCKYIO aKTUBHOCTD KJICTOK KOpHCBOﬁ MCPHUCTEMBI AYMCHIA
FX | FX* _ otnmamst oT KOHTpodist JoctoBepHb! ipu P < 0,01, 0,001 cootBeTCcTBEHHO
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[Tpu sTom 3hpexT BiusiHUSA S23 HA MUTOTUYECKYIO aKTUBHOCTD SIBJISIETCS
noctoBepHbIM (ipu P <0,01 m 0,05 s KoHIEHTpaluii 10 u 10°M
COOTBETCTBEHHO). S23 B Gonee Hu3kux koHueHTpausx (1078, 107 u 10° M)
BBI3BIBACT CHI)KCHHE MHUTOTHYECKOIO HHJEKca 10 3HadyeHud 76,71, 63,83
1 58,77 %o (B KoHTpOINE 86,36 %0). st KOoHUEeHTparmit S23 10" 1 107° M takoe
CHUKEHHUE SIBIIsIETCS BhICOKOA0CcTOBEpHBIM (P < 0,001).

Takum oOpazoM, B pe3ysibTaTe MPOBEACHHBIX UCCIEA0OBAaHUI YCTAaHOBIJICHO,
yTo Kak 24-smukactractepoH (DK), Tak u ero KoHBIOTaT 2-MOHOCAJIMITUIAT
24-snmkacracrepona (S23) B Huskux konuenrpaunusx (107! M) ne okasbiBaror
BIUSHAS HAa MHUTOTHYECKYI0 aKTHMBHOCTh KJIETOK KOPHEBOM MEPUCTEMBI
suMeHs OOBIKHOBEHHOro, B KoHueHTpaumsx 10720 10° ygenmumsaror ee,
a npu kxoHueHtpamuax 107 m 10°M BBI3BIBAIOT CHIIKEHHE HCCIIELYEMOTO
nokaszarensa. Haubosbimnm ctumynupyromumM 3pQekTom 0051a1al0T BEIIECTBA
B KOHIeHTpanuu 107° M.

Paboma ewvinonnena 6 pamxax HHUP «Oyenka 6nusinusi npupooOHbulx
bpaccuHocmepoudos u ux KOHvb02amos ¢ KUCIOMAMU HA MopgomempuiecKue
u @usuonoco-ouoxumuieckue napamempuol CebCKOXO3AUCMBEHHbIX
U 0eKOPAMUBHBIX PACMEHUL» NOONPOSPAMMbL « XUMUYecKue 0OCHO8bl NPOUECCO8
orcusneoeamenvrocmuy  (buoopexumus) [I'TIHU  «Xumuueckue npoyeccul,
peazenmvl U mexHoao2uu, ouope2yramopst u ouoopexumusy Ha 2021-2025 ze.
(romep cocpecucmpayuu 20211450 om 20.05.2021).
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. A. TYP,E. 10. PYCAK
benapycs, bpect, bpl TY

®M3NUKO-XUMNYECKUE UCCJEIOBAHMS OFBEKTA
«3JJAHME MOYTHI B I'. IUJE I'POTHEHCKON OBJIACTH»
KAK OBFBEKTA UCTOPUKO-KYJbTYPHOT'O

HACJIEAMSI PECITYBJIMKHU BEJIAPYCH

[locnennue rtomael PecnyOnmka benapych akTUBHO — 3aHMMAaeTCs
BOCCTAHOBJIEHUEM APXUTEKTYPHOTO HACHEUs, BKJIAABIBAIOTCS KOJOCCAJIbHBIC
pecypcbl B ero monjep:xkanue u coxpaHeHue. [lpoBenena Oonbinas padorta
[0 pecTaBpallid U BOCCTAHOBJIEHUIO COTEH OOBEKTOB HCTOPUKO-KYJbTYPHOTO
Hacleus C UEIbI0 NOAACPKAHUSA UX HAJICKAIIETO TEXHUYECKOTO COCTOSHUS.
Ha rocymapcTBEHHOM YpOBHE 3TH 3aJadyd pEMAOTCA B paMKax psaa
rOCyZapCTBEHHBIX ITPOTPaMM U JIOKaJIbHBIX HHBECTUIIMOHHBIX POEKTOB. Kpome
TOI'0, MEPOIIPUATHS 110 OXPaHE UCTOPUKO-KYJIbTYPHOI'O HACJIEIHs, B TOM YMCIIE
PEMOHTHO-PECTAaBpallMOHHbIE PA0OThl Ha HCTOPUKO-KYJIBTYPHBIX LIEHHOCTSX,
¢unaHcupyrorcs 3a cuet cpeactB gonaa Ilpesunenra Pecniyonuku benapych
IIpy nojAep:kke MUHUCTEPCTBA KYJIbTYPHI.

OauuM U3 0OBEKTOB MUCTOPUKO-KYJIBTYPHOI'O HACIEIUs SBISETCS 3JaHUE
nmoyThl B T.Jlune nmo yn. Muukeuya, 8. 3gaHue modThl B JIujae — maMsTHUK
apXUTEKTYpPHI NepBoi nosoBUHBI XX B. [locime OKOHYaHHS MOJIBCKO-COBETCKOM
BOWHBI M 3aKIIOUEeHHUs Prkckoro wmupHOro poroopa wMexay Ilombiiei
n Coserckor Poccueir B 1921 r. 3emumn 3anagHor benopyccuu, B TOM 4uciie
U Jiackas 3emurst, otouny K [lonbmie. Yxe B Havane 20-X IT. MTOJIBCKUE BJIACTH
WHTEHCUBHO BOCCTAHABJIMBAIM Pa3pyLIEHHOE BOWHOW ITOYTOBOE XO3SWCTBO.
[loyta pasMmemasiacb B CTapoOM JOPEBOJIIOUMOHHOM JEPEBIHHOM 3/IaHHM.
ITosTomy BitacT BHIIEHCKOTO MIOYTOBOIO OKPYIa ¥ MECTHBIE TOPOJICKUE BIIACTH
COBMECTHBIMM yCWIHMSIMH B cepenuHe 30-X IT. Hadanu cTpouTh B Jlnzme HOBOE
3/1aHUE MOYTHI IO aHrukcKoMy npoekty. B 1938 r. mouta ropoaa nepecenniach
B HOBOE 0JIaroyCTPOCHHOE 3J/IaHHE.

3/1aHue TIOYTHI SABJISETCS HEIBUKUMBIM 00BEKTOM UCTOPUKO-KYJIBTYpPHOTO
Hacienuss 2-d  Kareropud (MCTOPUKO-KYJBTYpHas LEHHOCTb, HMEOIIAs
HallMOHAJIBHOE 3HAUYECHUE) U BKIIIOUEHO B OXpPaHHBIN peecTp — ["ocy1apcTBEHHBIM
CIIMCOK MCTOPUKO-KYJIBTYPHBIX IIeHHOCTeH PecmyOmuku benapycs [1; 2].

Konexcom o kynbrype PecnyOnuku benapych ycraHoBiieHa mpoleaypa,
IIOCJIE BBIMOJIHEHUSI KOTOPOM pa3pelaeTcss IpOU3BOAUTH Pad0Thl HA HCTOPUKO-
KYJbTYPHOH UEHHOCTH. B cocTraBe Hay4YHO-IPOEKTHOW JIOKYMEHTALUH
pa3zpabateiBaeTcsi pasnen «KoMIUIeKCHblE Hay4dHble H3BICKAHUS», KOTOPBII
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cocront wu3 ¢oropukcanud, OOMEpPOB, HCTOPUUYECKUX, aAPXEOJIOTUYECKUX
U XUMHUKO-QU3MYEecKnX wuccieaoBanuil. O0s3aTenbHOE MPOBEICHUE XUMHUKO-
buznyecKux HCCIeIOBaHUN TIOMOTaeT MPHUHATH TMPaBUIbHBIE TPOEKTHBIC
pelieHus o MPUMEHEHUIO OTJEIOYHBIX MAaTEPUAIOB Ha HCTOPUYECKUX 3IaHUSIX.

ABTOpamMu ObUIM TMPOBEJEHBI KOMIUIEKCHBIE HAy4HbIE HCCIEIOBaAHUS
3aHus 1ouThl B T. Jlune. MccnenoBaiuch mITyKaTypHble M3BECTKOBO-TIECUAHBIE
U U3BECTKOBO-IIEMEHTHO-TIECYaHbIE PACTBOPHI COTIIACHO U3BECTHBIM METOUKAM
[3-6]. L[Bera 1aKOKpaCOYHBIX TOKPBITHH W OT/ACIOYHBIX COCTABOB, MpUME-
HSIEMBIX B HACTOSAIIEE BpeMs apXUTEKTOpaMu-pectaBparopamu B PecnyOiumke
benapycs, ykazansl 1o katasory 3D plus komnanuu CAPAROL. L[BeT nokpeiTus
ONpENeNsICsl MyTeM BU3YaJdbHOTO CpaBHEHUs o0pa3la ¢ 3TaJOHHOM
Tunorpadckoil BeIKpackou. (Il ycTpaHeHUs: METaMEeTpUH ONpEIETICHUE LIBETa
IIPOBOIMIIOCH IPH PACCETHHOM €CTECTBEHHOM OCBEIICHUH [6].

B pe3ynbraTe mMpoOBEACHHBIX HCCIECIOBAHUA OBLIN BBISABICHB OCHOBHBIC
ayTeHTHUYHbIC INTYKaTypHbIE pAcTBOPbl U OKPAaCOYHBIE COCTaBBl. bBbILIO
YCTaHOBJICHO, YTO COOTBETCTBYIOIINE AyTEHTHUHBIE IITYKAaTypHbIE N3BECTKOBO-
II€CYaHbIe PaCTBOPHI MPAKTUUECKH HE OTINYAIOTCS IPYT OT APYra COOTHOILIEHUEM
KOMIIOHEHTOB U COCTaBOM.

XapakTepucTuka ayTeHTUYHOTO IITYKaTypHOTO pacTBOpa, OOHApY>KEH-
HOro Ha OOKOBOM (pacazie 3/1aHus: U3BECTKOBO-TIECUaHBI PacTBOpP KEJITOBATO-
Ceporo IBeTa C KOJMYECTBEHHbIM COOTHOLUIEHHMEM KOMIIOHEHTOB 1 : 3.
B kadectBe  3amoOJIHUTENS  MCIOJNB30BAJICA  PA3HO3EPHUCTBI  MECOK
MPEUMYIIIECTBEHHO Menkoi (pasmep 3epHa 0,25-0,125 wmm) dpaxiun.
OcobeHHOCTH pacTBOpa: cojepkanue ¢pakiuuu ¢ pazmepom 3epHa 0,5-0,25 Mmm
coctaBmiio okosio 31,0 % oT maccel 3anonHuTeNs, (PpakiUKU C pa3MEPOM 3€pHA
0,25-0,125 MM — okoio 42,0 %, dbpakuuu ¢ pazmepom 3epHa 1,0—0,5 Mmm — okoJ10
17,0 %. Conmepxxanne (ppakuuu ¢ pazmepom ydactuil 1-2 mm coctaBuio 6,5 %,
bpakuun ¢ pasmepom dvactui 6onee 2 MM — 3,5 %. MuHepaabHBIA CcOCTaB
3aMlOJIHATENSI: TOJIEBOINNATOBO-KBAPIIEBhI, B OCHOBHOM KBapIIEBBIH IECOK.
OTMeueHbI OT/AEIbHBIE BKIIFOUEHUS U3BECTU Pa3MEPOM 1—2 MM.

XapakTepucTuka ayTeHTUYHOTO IITYKaTypHOTO pacTBOpa, OOHApY>KEH-
HOTO Ha IIaBHOM (pacajie 3JaHHsl: N3BECTKOBO-TIECUaHbI pPacTBOP CBETIO-CEPOTo
[IBETA COCTaBa C KOJWYECTBEHHBIM COOTHOIIEHHEM KOMIIOHEHTOB 1 :2,5-1: 3.
B kadecTBe  3amoJIHUTENsS  KCIOJB30BAJICA  PA3HO3EPHUCTBI  MECOK
MPEUMYIIECTBEHHO Menkoi (pasmep 3epHa 0,25-0,125 w™m) dpaxiun.
OcobeHHOCTH pacTBOpa: coaepkaHue ¢pakiuu ¢ pazmepom 3epHa 0,5-0,25 Mmm
coctaBmwiio okosio 22,0 % oT Maccel 3anoiHUATENs, (PPaKIMKU C pa3sMEPOM 3€pHA
0,250,125 MM — oxoino 64,0 %, ppaxiuu ¢ pazmepom 3epra 1,0-0,5 mm — okoJ10
10,0 %. Conepxanue dpakuuu ¢ pazmepom vactuil 1-2 MM cocraBuiio 3,0 %,
dbpakiuu ¢ pazmepoM dacTtuil 6osiee 2 MM coctaBuio 1,0 %. MunHepaibHbIi
COCTaB 3alOJHHUTENS: IMOJICBOIINMATOBO-KBAPIIEBBI, B OCHOBHOM KBapIlIEBhIi
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necok. OTMEUYEHbI OT/IEJbHbIE BKIOYEHHS M3BECTH pazMepoMm 1-2 mm. Ilecok,
WCITOJIb30BAaHHBIM JJI1 MPUTOTOBJIEHUS JIaHHOIO IITYKaTypHOIO pacTBOpa,
OTJIMYAETCS OT BCEX IECKOB, HCIOJb30BAHHBIX I HPHUrOTOBJIECHUS APYTHX
pPacTBOPOB HCCIEAOBAHHOTO 00BEKTa (MMEET HE >KEJITOBATO-CepbId, a Oeblit
IIBET, U OOJIbIIIOE KOJIUYecTBO Menkou dpakuuu — 64,0 %). BepostHO, OH ObLI
MIPUBE3EH U3 JAPYTOro Kapbepa.

BaxkxHpIM MOMEHTOM B  HCCIEJOBaHUSX SBISJIOCH — OMNpEJEeTICHUE
ayTEeHTUYHOTO I[BETOBOTO pemieHus: ¢dacagoB 3aaHus. ONBIT MOKa3bIBAeT,
YTO OYEHb YAacTO AayTEHTUYHOE I[BETOBOE pEIICHHE MOXKET KapJIuHAIbHO
OTIIMYAThCS OT TMOCIENHUX peMOHTOB [7; 8]. B pesynbrare mnpoBelEHHBIX
UCCIICIOBAaHUM OMPEJIEICHO0, YTO AyTEeHTUYHOE I[BETOBOE pelleHue (acaaos
3/TaHUS JE€UCTBUTEIBHO KapIUHAIBHO OTIMYAETCS OT HOCIEIHErO COBPEMEHHOTO
pemoHTa. IlepBOoHayanbHO M OCHOBHAs IUIOCKOCTh CTEHBI IEPBOIO 3Taxa
JIBOpOBOro (hacana, ¥ OCHOBHAs IUIOCKOCTb CTEHBI MEPBOrO ATaka TIJIABHOTO
(dacaa ObLTM OKPAIICHBI COCTABOM YKEJITOBATO-0€KEBOI0 [[BETA HA MUHEPATHHOM
ocHoBe. L[BeT 01130k K 00pa3ny Ginster 115.

31aHde TOYTHl HEOJHOKPATHO INTYKATYPWIOCh M IEPEKpalInBaIoCh
cOoCTaBaMU Ha MMHEpallbHON ocHoBe. OKpacouHble paOOTHl B paHHEE BpeMs
IIPOU3BOJAMIINCH COCTABAMH HAa MUHEPAJIBHOM OCHOBE, a B IO3JHEE BPEMS —
COCTaBaMU Ha OCHOBE IIOJMMEPHOTO IIeHKooOpa3ytomiero. Hikenexaiue cioun
Ha TMPEACTABICHHBIX oOpasllax He YIALUIMCh JIOJDKHBIM — 00pa3oM.
[lepBoHauanbHO  37aHKME  OBUIO  OIITYKAaTypPEHO  H3BECTKOBO-IECYAHBIMU
pacTBOpaMH U OKPAIIEHO MUHEPATbHBIMHU COCTABAMH.

[Ipu mpoBeneHNH PEMOHTHBIX pabOT 0cO00€ BHUMAHUE PEKOMEHIYETCS
YACIUTh PEMOHTY KpOBIM U BOAOCTOYHBIX CHCTEM. Y  HEKOTOPBIX
UCCJIEIOBAHHBIX COBPEMEHHBIX HW3BECTKOBO-IIEMEHTHO-TIECUYAHBIX pPAaCTBOPOB
Ha00/1aeTcsl JOCTaTOYHO BhIicOkoe 3HadeHue pH (oxono 10,51) BoaHOI
BBITSDKKA PAcTBOpa. DTO CBHUJAETEIBCTBYET O TOM, YTO MPOTEKAET THJIPOJIU3
COCTABJISIIOUIMX LIEMEHTHOTO KaMHsSl BCIEICTBUE MPHUCYTCTBUS Biaru. Tak Kak
NOBBILIEHHOE 3HaueHue pH HabOmogaeTcst y caMmblX TO3IHUX COCTaBOB,
HAXOJAIUXCS OJIKe BCEro0 K HApyKHOMY JIAKOKPACOYHOMY TMOKPBITHIO,
HE UMEET MECTO JBMKCHHE BJIary MO Kanuyuisipam (10 CTEHaM 37]aHusl) U3 TIOYBHI,
CBSI3aHHOE C HEJOCTATOYHOM TUApou3osaiueit GynaamenToB. B nannom ciydae
Biara (arMocd)epHble OCaJKH) IOMajaeT B PAcTBOP Yepe3 pa3pyIICHHOE
(UHUIITHOE JIAKOKPACOYHOE MOKPBITHE HA MOJUMEpHOM ocHOBE. OCOOEHHO 3TO
3aMETHO Ha yriax 3JaHusl.

[IpakTka mMOKa3bIBA€T, YTO YIJIbI 3[aHUS MOJABEPraloTCs pa3pylICHUIO
ropaslo yvamie, 4YeM OCHOBHAas IUIOCKOCTh CTeHbl (acama, BCIEICTBUE
HEMpaBUWJIbHOM paboThl BOJAOCTOKOB, HEMPAaBUJIBLHOTO YCTPOMCTBA KPOBIIH,
a TaK)KE M3HOCA WJIM TOJOMKH BOJOCTOYHBIX CHUCTEM (T.e€. JOXAeBas BOJAA
MPaKTUYECKU CTEKaeT MO Hapy>KHOM cTeHe). HapyxHas cTeHa MOCTOSIHHO



135

BJIQ)KHASI OCEHBIO U BECHOM, IPU JOCTATOYHO HU3KUX IUIOCOBBIX TEMIEpATypax
B TEUCHHE CBETOBOIO JIHS HE BhIChIXaeT. M3-3a MOCTOSHHOTO MPUCYTCTBHUS BJIaru
IPOTEKAEeT IMpolLecC THUAPOJIN3a, YTO BEAET K MOBbIleHHI0 pH cpensl.
JlecTpyKIMU MOABEPraeTcs TAK:KE M OKPacouHbIid coctas [4; 7; 8].

Buenpenue pe3ybTaTOB HAy4HO-UCCIIEeI0BATEIHCKON paboThI
B TMPOEKTHUPOBAHWE U TPOU3BOJCTBO MO3BOJUIO OOECIEUUTh TPUHATHE
HAy4YHO OOOCHOBAaHHBIX PpEIICHUA TNpU Ppa3pabOTKE MPOEKTHO-CMETHOM
JIOKyMEHTAIIMU U MIPOBEJICHUH BCEX BUAOB PabOT HAa KOHKPETHOM HEABUKHUMOM
00BEKTE UCTOPUKO-KYJIbTYPHOTO HACTIEIUS.
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. 1. DPAHTOB"?, U. B. MUHEEBA®?
'Benapycn, Munck, BI'Y
’benapych, Munck, HUM OXII BI'Y

BJAUAHUE ITPOTOHHBIX KUCJIOTHBIX KATAJIM3ATOPOB
HA PET'MOCEJIEKTUBHOCTD PEAKIIMU 1,3-AUITOJIAAPHOT'O
HUKJTONNPUCOEIUMHEHUA ASOMETUH-NJIN A

K BEH3WINJIEHAINETO®EHOHY

CouponupponuIuH-OKCUHIONBI SBIIFOTCS BECbMa PaclIpOCTPaHEHHBIMU
COEJIMHEHUSMH CPEIH IPUPOAHBIX BEIIECTB C APKO BBIPAXKEHHON OMOJIOTHYECKON
aKTUBHOCTBIO, B YaCTHOCTH anikajgousioB (pucyHok 1) [1; 2]. IIpucyrctBue
OKCUHJOJBHOTO (pparMeHTa MNPUJAET JaHHBIM COEJUHEHUSM MPOTHUBOOIYXO-
JEBYI0, MPOTUBOBUPYCHYIO U TNPOTUBOTYOEpKYJIE3HYIO aKTUBHOCTH [3].
[IupposauHOBOE  sApO, B CBOIO  O4YEpelb, SABIACTCA  BaXKHEUILIHUM
dapmako@opoM, BCTPEUAIOIIMMCS B PA3NMYHBIX JIEKAPCTBEHHBIX Ipernaparax,
CpeIu KOTOPbIX NPOTHUBOCYAOPOXKHBIE, aHTHOAKTEpHAJIbHbIE, aHTUTPUOKOBEIE,
IIPOTUBOMAJIIPUIHBIE, IIPOTUBOBOCIIAJIUTEIILHEIE, TUIIEPTOHUYECKHUE,
IPOTUBOSNUIIEITHYECKUE, TPOTUBOAUAOETUYECKUE U JIp. [4].

H,CO

xopchuuH M303JIaKOMUH

Pucynox 1 — CtpykrypHble (hOpMYITbI HEKOTOPBIX AJTKAJIOU OB,
COJIEpKaIlUX CIIUPONUPPOIUINH-OKCUHAOIbHBINA (PparMeHT

Lenpr paHHONW pabOTHI 3aKIIOYaNaCh B HW3YYEHUU BIUSHUA J00ABOK
KaTAJIMTUYCCKUX KOJMYECTB KHUCIOT bpeHcTena Ha BBIXOJ CITUPOITHPPOITUINH-
OKCUHJIOJJOB M Ha PETrHOCEIICKTHBHOCTh WX TIOJYYCHHS 1O pPEaKIuu
1,3-IUMONAPHOTO MUKIOTPHUCOSTUHECHUS a30METHH-WIH/IA K 0l,3-HEHACHIIIICHHBIM
KapOOHHMIIBHBIM COCTMHECHHSIM.

PernonsoMepHbie COUPOMHUPPOIUAMH-OKCHHI0AbI 1a u 1b mosmyvanu
CMEIICHNEM KBUBAJICHTHBIX KOJIMYECTB OeH3UMuAeHaIieTopeHona 2, n3atuna 3,
u OeH3mimaMuHa 4 B COOTBETCTBYIOIIEM pacTBOpUTENe (PUCYHOK 2, TaONHIla).
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CrenepupoBaHHbIid IN SitU w3 3 ¥ 4 a30METHH-WIHJ BCTyHAJl B PEAKIUIO
1,3-IUNONAPHOTO HUKIOMPUCOSANMHEHHS K KPATHOM YIiepoa-yIiaepoIHOM CBS3H 2.
Teopernyeckoe pacCMOTPEHUE MEXaHU3MA PEAKIUU IIPEIoIaraeT o0pa3oBaHue
JIBYX PETMOM30MEPHBIX MPOAYKTOB B JIBYX JTUACTEPHUOMEPHBIX (OopMax, OAHAKO,
COTJIaCHO JIUTEpaTypHBIM JaHHBIM [5; 6], 3a cuer 3apsJioBOrO KOHTPOJIA
U TPEANOYTUTEIBHOCTU SHIO-TIEPEXOIHBIX COCTOSIHUM, 0Opa3yeTcsl JHMILb J1Ba
PETMOM30MEPHBIX MPOIyKTa 1@ u 1D, mepBbiii U3 KOTOPHIX SBJISECTCS OCHOBHBIM.

O
0 Ph Ph—y/
O Ph % Ph
N I~
(0] Ph /u,,,// Ph \
N KUIsA4. 6-7 4 NH NH
H + PN —_— e + e
13 TaOJIUIIBI N N
/\)I\ i t
Ph Ph OCHOBHOH MUHOPHBIN
2 1a 1b
Pucynok 2 — Cxema noJiy4eHus JByX peruon30MeEPHBIX
CIUPOIUPPOIUINH-OKCHHI010B 1a u 1b
Tabnuua — YciioBus NpoBEAEHUS pEaKIMU, COOTHOILIEHHE PETHON30MEPOB
U BBIXO/
CooTHolieHne
PactBopurens Karanusarop peruouzomepoB | Beixon, %
la:1b
MeOH — 5:1 40
EtOH — 24:1 36
i-PrOH — 19:1 54
EtOH reMUMEIUINTOBAs KMCI0Ta, 5 Moa. % 43:1 48
EtOH n-HUTpoOeH30MHas KucioTa, 5 moia. % 42:1 47
EtOH (+)-xamdopa-10-cynbpdokuciora, 5 Mo, % 40:1 45
EtOH 0-0eH30MII0eH301Has KucaoTa, S Moi. % 25:1 49
EtOH n-tonyosncyibdokuciora, S Moi. % 11:1 49
EtOH 3,4,5-TpunonennnaokcuOeH30MHas 101 63*
KucioTa, S moa. %
TTo n-HUTpoOEeH30iHas KUCIOTa, S Moi. % 15:1 32
TP n-HUTpoOeH3oiHas kuciora, 100 momn. % 9:1 60*

[Tpumeuanune — * — BBIXOJA CMecH MPOAYKTOB la, b um HeuaeHTHPHUIIMPOBAHHOTO
MPOJIyKTA.

OTHOILIIEHUE PETrMOM30MEPOB OLEHUBAIOCH MO HMHTErPaIbHOMY COOTHO-
IICHUIO CUTHAJIOB IIPOTOHOB apoMaTuueckoro ¢parmenta B ‘H SIMP-cnekrpe
B BUjJE AyOJeToB C XUMHUYECKMMHU ciaBuramu 6,40 Mg u 6,55 wm.n.,
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a TaKXKe M0 COOTHOUIEHUIO CHTHAJIOB MPOTOHOB, CBA3AHHBIX C aTOMOM a30Ta
OKCUHJIOJILHOTO fJipa B BHUJI€ CHHIJIETOB C XUMUYeCKUMHU ciauramu 10,38 m.z.
1 9,95 m.1. Merton razoBoi xpomaTtorpaduu ¢ MacC-IeTEKTUPOBAHUEM OKa3aJICs
HEIMPUTOIEH JUIsl OOHAPYKEHHsI PETHOM30MEPOB BBUAY BBICOKOW MOJIEKYJISIPHOM
MAaCChl COEIUHEHUH U UX HU3KOU JIETY4YECTH.

[IpoBenenne peakuMd B OTCYTCTBHMM  KaTtajld3aTopa MPUBOIUIO
K 00pa30BaHUIO CMECH PErMOM30MEPHBIX MPOAYKTOB, MPUYEM HCHOJIb30BAHUE
HanOoJIee MOJIIPHOTO METAaHOJIa YBEIMYMBAJIO BHIX0JI MUHOPHOTO PETHOU30MEPa
1b. Mcnionp3oBaHue 3TaHONIA B KAYECTBE PACTBOPHUTEISI IPUBEIIO K HAHOOIBIIEMY
BBIXOJly peruousomepa la, Omarojapst 4emy 3TOT pacTBOPHUTENb ObLT BHIOpaH
B Ka4€CTBE OCHOBHOTO JUISl TaJbHEHIIEr0 MCCIEOBAaHUS KUCIOTHOTO KaTalln3a.
Cpenu MpOTOHHBIX KHUCIIOT HAWIYYIIUW pe3ysibTaT mokasanu (+)-xamdopa-10-
CyJb(DOKHUCIIOTA, TEMUMEIUIUTOBA M N-HUTPOOCH30MHAsT KHUCIIOTHI, YBEJIUYUB
COOTHOIIIEHHE OCHOBHOTO permomsomepa la mo OTHOIICHHIO K MUHOpPHOMY 1D
B CpaBHEHMM C peakuued B ITaHoine Oe3 Karanuzaropa. Vcmonb3zoBaHue
XUpATbHOTO KaTtanmm3aTopa (+)-kamdopa-10-cynbpOKHUCIOTE HE MPHUBEIIO
K U3MEHEHUIO CTEPEOXUMUYECKON KOH(UTypaluu MpoayKToB. Vcnoas3zoBaHue
1 sxBUBajeHTa n-HUTPOOEH30MHOM  KHUCIOTBI BMECTO  KaTaJUTUYECKOTO
KOJIMYECTBA IMPHU TMPOBEJACHUU pEAKIMH B TeTparuapodypaHe MNPaKTUUECKU
HE M3MEHWJIO COOTHOIIIEHHE perrnou3omepoB. [IpousBomHoe cinaboil ramioBoi
KHCJIOTBI TIOHU3UJIO COOTHOIIEHHWE PETMOM30MEPOB B CMECH, & TAKXKE IPUBEIIO
K 00pa30BaHUI0 MOOOYHOIO HEUACHTH(PUIMPOBAHHOIO NpoAyKTa. B obmem
cllydae KOPPENSIMH COOTHOIICHUs permom3omepoB la:1b w cumer kucnor
HE HAOJII0AJIOCh, OJIHAKO BO BCEX CIy4YasX BBIXOJ MPOAYKTOB YBEIMYHMBAJICS
110 CPaBHEHUIO C MIPOBEJCHUEM peakluu B 3TaHoJie Oe3 Karanuzatopa. [lo Bceit
BUJIUMOCTH, HAWIYUYIIMMH KaHAMJATaMU BBICTYIUJIU KHUCJIOTHI, CIIOCOOHBIC
MakCUMaIbHO 3(PEKTUBHO 00pa30BBHIBATH BOJOPOAHBIE CBSI3U C OJHHUM
U3 MEPEXOIHBIX COCTOSIHUM pEeaKIUH.

Ha ocHOBaHMM TOJYYEHHBIX JAHHBIX O BIMSHUU  KHCIOTHBIX
KAaTaJlM3aTOpoOB B peakuuio 1,3-AUMOJSPHOrO LMKJIONPUCOEAUHEHHS ObLI
BOBJICUEH XAJIKOH C 2eM-TUXJIOPLUKIONPONAHOBbIM ()parMEHTOM B OEH30JIbHOM
KoJiblle 5 (pucyHox 3).

CriuponuppoauIMH-OKCUHAON 6 ObUT MOJTyYeH B Ka4eCTBE €IUHCTBEHHOTO
NPOAYKTa C BBIXOJIOM 57 % mpu ucmonb3oBanuu (+)-kamgopa-10-cymbhoKucIoTh
B Ka4yeCTBE KaTaJlu3aTopa, OJHAKO HCIIOJIb30BAaHUE 7-HUTPOOCH30MHOM KUCIOTHI
OPUBOJWIO K TMOSBICHUIO MOOOYHOIO TMPOAYKTa B €ro COOTHOLIEHUH
K OCHOBHOMY 1 :5. BBuUIy OTCYTCTBHSI JNUTEpaTypHBIX NAHHBIX O MOJOOHBIX
COCIMHEHUSX, a TAK)KE HEJOCTATOYHOW MH(GOPMATHBHOCTH JAHHBIX OJTHOMEPHON
SAMP-ciekTpocKOUM  BOMPOC O KOHPUTypaIlUd COCIUHEHHUS OCTaeTCs
OTKPBITBIM.
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O
| I 0 o Ph
Ph
E KUIAY. 6 4 Cl > Q

3 4+ PTONH, ————— -
4 EtOH Cl
O (+)-CSA, 5 Mon.% O 0
Ph X 57% g
cl
5 cl 6

Pucynok 3 — Cxema nosiy4eHust COeAMHEHUs 6
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E. 1. XAJIEHKASA
benapycs, I'ponno, I'pl'Y umenu Anku Kynamns

HOJYYEHUE CYIIPAMOJIEKYJISAPHBIX KOMIIVIEKCOB
BKIIOYEHHUA HU®PEJIUIIMHA C HUKJIOAEKCTPUHAMMN

Hudenunun peACTaBseT coboit 1,4-muruapo-2,6-numeTn-4-
(2-autpodennn)-3,5-mupUIUHANKAPOOHOBON KHUCIIOTHI JAUMETHIOBBIA (HP.
Ommupuueckas ¢opmyna HupemunuHa — Ci7Hi1gN202, mMonexynspHas macca
paBHa 346,335 r/monb. [Ipenapat npeacraBiisieT coO00# CENEKTUBHBIN OJ0KaTOP
KaJIbIIUCBBIX KAHAJOB L-TWIa, OTHOCAIIMHCA K KJIacCy TPOU3BOIHBIX
1,4-muruApONMPHUINHA, KPUCTAJUTMUYSCKUN MMOPOIIOK KEITOTO IBETa, SBJSETCS
BBICOKOYYBCTBUTEIIBHBIM K CBETY IPEMapaToM, KOTOPHIH TpeOyeT CBETO3alUTHI
BO BpeMs IPOU3BOJACTBA, XpaHEHUS W OOpAIICHHS C €ro JIeKapCTBCHHBIMH
dbopmamu. Hudenunun mmoxo pacTtBopuM B 3TaHoiie U Boje (9,7 mr/mn),
HO Xxopomio pactBopuM B JIMCO u xmopodopme. Temmeparypa riaBieHus
Hudenunuua coctanisier 172-174 °C. [IpenapaT BHepBbie ObLT CHHTE3WPOBaH
B 1967 r. dapmakonoramu kommnanuu «baiiep», odeHb OBICTpO 3aBOEBal
NOMYJIIPHOCTh M B HACTOSIIIEE BpeMs SIBIACTCS OJHUM M3 CaMblii 4acTo
Ha3Ha4YaeMbIX BpauyaMu MPENapaToB B KapAUOJIOTHH.

JlaHHBI mpemapaT  OKa3bIBAET  BBIPAXKEHHOE  Ba30JWJIATUPYIOLIEE,
AHTHAHTUHAJIBHOE U aHTUTUIEPTEH3MBHOE JIENCTBUE. MeXaHu3M €ro AeHCTBUA
3aKJTF0YACTCS B YMEHBIIEHUN TOCTYTUICHUS MOHOB KaJbIUS B KapAHOMHUOITUTHI
U TJaJAKOMBIIICYHBIC KJIETKH KOPOHAPHBIX M TMepU(EPUUCCKUX apPTEPHl.
[Tpu BeICOKMX m03aX HU(PEAUNHH OJOKUPYET BBHICBOOOXKICHHUE MOHOB KaJIBIIHS
U3 BHYTPUKJIETOUYHBIX Jemno. IIpenmapar ymenblnaer oOuiee mnepudpepuveckoe
COCYAMCTOE COIMPOTUBIICHUE U MOCTHArPY3Ky Ha cepaue [1; 2]; Takxke CHUXKaeT
COKPaTUMOCTh MHOKapja (MBIIMIEYHYI0 aKTUBHOCTH CEplla), YTO CHIDKAET
CUCTOJIMYECKOE JIaBJICHUE W MPUBOJUT K YJIYUIIEHUIO MPUTOKA KPOBHU K CEPJIILY
Y CHMDKEHMIO €T0 Harpys3ku [3].

HekoTtopsle nccnenoBanus MOKa3bIBAIOT, YTO HU(DETUTTUH MOXKET BIIHAThH
u Ha QyHKIUIO MUTOXOHApUNA. OH CHOCOOEH TPOHHMKATh B  KIETKH
Y BO3JICHICTBOBATH HA KaJIbI[MEBhIE KAHAIBI MUTOXOHIPUA, YTO MOXKET BBI3BIBATH
n3MeHeHus B uX GyHkuuu. C TOUKU 3peHUs KaJblMEBOro OanaHca HUudeIunuH
MOYKET HE3HAYUTEIIPHO TITOBBICUTH YPOBEHb KaJbIUS B KPOBH. ITO MOXKET
MPOM30OUTH W3-3a YMEHBIICHUS KaJbI[UEBOTO BHYTPHUCOCYIUCTOTO TOKa,
BBI3BAHHOI'O PACIIMPEHUEM COCYIOB [4].

BcenenctBue HHM3KOH pacTBOPUMOCTH HUGDEIWUIIMHA Tpenapar HMEET
OTPAaHUYCHHYIO TEPOPAIbHYI0 OHOJOCTYNHOCTb, UTO SBJISETCA  OJIHOM
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U3 TJaBHBIX MPOOJIEM, C KOTOPOW CTaJKWBAKOTCS HCCIEAOBAaTeNd B 00JacTH
OTKPBITHUS U pa3pabOTKH HOBBIX JIEKAPCTBEHHBIX MPEMAPATOB.

B cBsi3u ¢ 3THMM pa3paboTKa peuentyp, HANpPaBJICHHBIX HAa MOBBIIIECHUE
pacTBOPUMOCTH B BOJE, NMPHOOpETaeT 0cOOYyI0 BaKHOCTh. PapmalieBTUYECKas
IIPOMBINUICHHOCTh ~ MCIOJIB3YET PAa3IMYHbIE IOAXOABl JUIA  IOBBIIICHHUSA
PacTBOPUMOCTHU U CKOPOCTU PACTBOPEHHUS JIEKAPCTBEHHBIX CPEJICTB: (PU3HUECKHE
Moau(pUKalMM — MHUKPOHHM3ALMs, CO3JaHHE€ HAaHOCYCIIEH3UH U pa3paboTka
TBEP/AbIX JUCHEPCUI; MOIU(DUKALNS KPUCTAIINYECKON CTPYKTYPbI — IOJIyuYEeHUE
noauMop(doB, aMOppHBIX (HOPM KU COBMECTHASI KPUCTAJUIM3ALMS;, XUMUUYECKUE
Monu(pukanMu — 00pa3oBaHHE COJIEH M KOMILJIEKCOOOPa30BaHHME IO THITY
«TOCTh-XO3SIMH.

IIpu BBIOOpEe Marepuana JUisi MATPULbl YPE3BBIYAITHO BaXKHBI TAKUE
KPUTEPHH, KaK 0€30IMacHOCTh, TUMOAJUIEPTEHHOCTh U OMOJOCTYIHOCTE [5; 6].
[{UKIIOAEKCTPUHBI, SBJISASACH YHHUKAJIbHBIMU MPUPOJHBIMU  MAKPOLUKIAMH
YIJIEBOJHOM CTPYKTYpbI, TOJHOCTBIO YIOBJIETBOPAIOT 3TUM TPEOOBAHUSM.
Pa3smep Marpuupl, 0Opa30BaHHOM OCTaTKaMU TJIOKO3bl, COEIMHEHHBIX
0-1,4-TTUKO3UIHBIMU  CBA3SIMH, MOXET BapbUpPOBaTb B 3aBUCUMOCTU OT
KOJIM4ECTBA MOHOMEPOB B MOJIEKYJIE HUKIIOAEKCTPUHA, YTO ONPEAEISAET €ro THII
(a, B, vy u Op.) U, COOTBETCTBEHHO, CBOWCTBA. LIMKIOAEKCTPUHBI HMEIOT
ruipopoOHYI0 BHYTPEHHIOIO  «IIOJIOCTb» U TUAPOPUIBHYIO BHEIIHIONO
HOBEPXHOCTh. DTO MO3BOJISIET UM HMHKAIICYJIUPOBaTh TUAPOGOOHBIE MOJIEKYIIbI,
Takue Kak HU(eaunuH. BzaumonelicTBue MeXIy MOJEKYJIaMU MPOUCXOJIUT 3a
cueT TruApoPOOHBIX CHIJI, BOAOPOIHBIX CBSA3€M M BO3MOXKHBIX HOHHBIX
B3aMMOJEUCTBUM [7]. BxitoueHME MOJIEKYJ B MOJOCTh IMKIOAEKCTPUHOB
MOXKET YJIy4YlIUTh HX OHOJOCTYNMHOCTh, 3((PEKTUBHOCTh, YBEIUYUTH CPOK
TOJTHOCTH, CHU3UTh M0O00UHbIE 3¢ (PekThl 1 Ap. B To 3xe Bpemst A. beur u coaBTopsl
MOKa3aJld, YTO TMOBBIIIEHUE PACTBOPUMOCTH W CHUKEHUE MPOHHUIIAEMOCTH
IIPU HCIMOJIb30BAHUM KOMILJIEKCOB BKJIIOYEHHS, OOECHEUYMBAIOLIUX PACTBOPU-
MOCTb, MOXET MPUBECTH K MapagokcaibHbIM 3¢dextam [8; 9]. Hampumep,
UCITOJIb30BAaHUE LUKJIOAEKCTPUHOB MOXKET IMPHUBECTH KAK K YJIYUIICHUIO, TaK U
HEU3MEHHOCTH WJIM JakKe CHIDKCHHIO JIOJIM abcopOmpoBaHHOTO BeriecTBa [10].
CoBceM HENABHO NOSIBUIMCH KOJMYECTBEHHBIE aHAIM3bl, KOTOPBIE MO3BOJISIOT
MOJIEJIMPOBATh B3aMMOJEHCTBHE PACTBOPUMOCTH M MPOHHUIIAEMOCTH U OOLIuii
3 (HEKT MUKI0IEKCTPUHOB Ha TPAHCMEMOPAHHYIO IPOHUIIAEMOCTb.

B 1Ol cBsi3M 1enbp paboThl — MOMYYUTh KOMIUIEKCHI BKIIFOUCHUS
Hudenunuua ¢ o-, B- U y-uMKIOAEKCTpUHaAMU. KOMIUIEKChl BKIIIOUEHUS
UCCIENYEMbIX MOJIEKYJI TOJy4YaJld METOJAOM OJIHOBPEMEHHOTO HCHapeHHUs.
HaBeckn Hudeaunuya v UUKIOAEKCTPUHOB B COOTHOWIEHWHU 1 : 1 cmemmBanu
B 90 %-Mm sTaHONe mMpU MOCTOSTHHOM BpallleHWHW B TeueHue 24 yacoB. Jlaiee
pacTBOPUTEIb YIAISUIM B pOTOPHOM Hctiaputene. [locnenyroniee BoICylIMBaHUE
MO3BOJIWIIO TIOJYYUTh KPUCTAITIMYECKUN TIPOYKT.
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Hamu Oputi mostydeHsl ciaeayromme KOMIUIEKChl BKIIFOUCHUST HU(ETUTTHH -
O-ITUKIIOJCKCTPUH, HUDEIUITH-B-IUKIOAEKCTPUH, HUADEIUITHH-Y-IUKIOIECKCTPHH.
B nmocnenyromeM IJIaHUpyeM OIEHHUTb PAacTBOPUMOCTh U CTaOWUIJIBHOCTH
MOJYYEHHBIX KOMIUIEKCOB BKJIIOUCHMS, YTO MOXET CJIIEJIATh 3TH KOMIUIEKCHI
MEPCIIEKTUBHBIMU JIJISI KIIMHUYECKOTO IPUMEHCHUS.
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H. B. LIKYPATOBA
benapycs, bpect, bpl'Y umenu A. C. Ilymkuna

AJUIEJJOIMATUYECKHUE OCOBEHHOCTHU MHBA3ZUMOHHBIX
PACTEHUM CEMENCTBA ASTERACEAE

WNuBa3zuoHHass Ouoyiorvsi — HaydyHOE HampaBlieHue, Oasupyromieecs
Ha JOCTH>KCHUSX pAJla ECTECTBEHHBIX JUCHUIUINH. M3ydeHne 1 olieHKa mpolecca
WHBAa3Ul TEX WIA HWHBIX OMOJOTHMYECKHX OPTaHU3MOB TpeOyeT MOHUMAHUS
MOphOOMOJIOTHYECKHUX, (DUZNOTOTUUECKUX, OMOXUMHUUECKUX, DKOJOTHUUECKUX
SBJICHUM U ITPOLECCOB.

CoBpemenHas ¢uiopa mpeAcTaBiIseT cO00M COBOKYMHOCTh a0OPUTEHHBIX
W aJIBEHTUBHBIX BUAO0B. BuaoBoe pazHooOpas3ue (iiopbl €KEeroJgHO U3MEHSETCS
B IIEPBYIO OUEPE/Ib 32 CUET AKTUBHOCTH aJIBEHTUBHOTO KOMILIEKCA. AJIBEHTUBHBIN
KOMILJIEKC (hJIOPBI IO CPABHEHUIO C A0OPUTEHHBIM SIBIIIETCS MEHEE CTaOUIIbHBIM
U HaxOJIUTCA HAa CTaJUM TOCTOSHHOTO AakTUBHOrO ¢opmupoBanus [1].
B benapycu unTeHcudukainus mnporecca odoraimeHus (Quopbl aJBEeHTUBHBIMU
pacTeHUsIMHA Hadajlacb B mepBoW MojoBuHe XIX B. B CBSI3M C 3aKIIAJKOU
OoraTeiMH 3eMJIEBJIAICTbIIAMU MTAPKOB, KyJla CTAIM MPUBJICKATHCS HK30TUUECKHE
pacTeHusi, HEKOTOPBIC M3 KOTOPBIX CMOTJIM «YCKOJIb3HYTh» U3 KYJIbTYpHI [2].

PacripocTpanenue aaBEHTHUBHBIX PACTEHUM, KaK NPABUIIO, MPUYPOUYEHO
K CHHAHTPOIHBIM MECTaM OOWTaHMs, OHU 3aCEJISIOT aHTPOMOTCHHBIE YKOTOIII,
r7€ KOHKYPEHIMS CO CTOPOHBI JIPYTMX pPAacTeHUM MUHUMalbHA. LleHTpamwu
KOHIICHTPAIIMM aJBCHTUBHBIX PACTCHUH B TMEPBYID OYEpEelb SBISIOTCA
ABTOJIOPOKHBIE W JKEJIE3HOIOPOKHBIE SKOTOMbI, TJI€ BHUIBl  YCIEIIHO
HATYpAJIU3YIOTCSA, TOJYYAOT IIMPOKOE PACIPOCTPAHEHWE W  HAYUHAIOT
BHEJIpATBCA B Jipyrue cooOmectBa. B pe3ynbrare BTOPUYHOIO 3aHOCA
aIBEHTUMBHBIE BUJbl OKa3bIBAIOTCA BO3JIE KUJIBIX JOMOB M XO3SWCTBEHHBIX
IIOCTPOEK, Ha MYCTHIPSAX U CBAJIKaX M T. II.

B cpennem B coBpemeHHOU ¢iiope €BpONEHCKHX CTpaH MOYTH TPETh
OT 00Iero 4yuciaa BHUAOB COCTaBISIOT YYXKEPOJHBIC PACTCHHS, YCIICITHO
NPYKUBIIMECS Ha HOBOM poauHe. Hambonee arpeccuBHBIC YY>KEPOIHBIC
BUJIbI, BBITECHSIONME aOOpUTE€HHBIC BUJIBI, BBIICISIOT B OCOOYIO TpyIMIy
WHBAa3MOHHBIX BUAOB. B Hauane XX B. B 57 cTpanax Mupa HaCUMTHIBAJIOCH OoJiee
300 nHBa3MOHHBIX BUAOB [3].

[Ton TEepMUHOM «WHBA3WOHHBIN BHUI» MOHUMAIOT «UYKEPOJHBIA BHU]I,
Yb€ MPOHUKHOBEHUE U PACIPOCTPAHEHUE YIPOKAET IKOCHUCTEMAM WJIM BUIAM
U TPUYUHSIET YKOHOMUYECKUN WU SKOJOTHUECKUU yuiep0». MuHuCTepCTBOM
MIPUPOJIHBIX PECYPCOB U OXpaHbl OKpy»Karomied cpeawsl Pecnyonuku bemapych
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pa3pabOTaHbl KPUTEPUU OTHECEHUS YYKEPOTHBIX BHUIOB ITUKHX >KUBOTHBIX
U PaCTeHMl K WHBA3MOHHBIM, CpPEIU KOTOPHIX Ha MEPBBIA IUIAH BBIXOJUT
«HETaTUBHOE BJIMSHUE YY>KEPOJHOTO BUA Ha aDOPUTECHHBIC BUJbI B PE3yJIbTATE
KOHKYpEHLIUN» [4].

OmauM U3  cmocoOOB  HETAaTUBHOTO BIUSHUS —4YYXKEPOJAHOrO BHUAA
Ha aOOpUTeHHbIE BUJbBI MPU KOHKYPEHIMHU SBJSETCS asienonarus. Broepsbie
amnenonarust onucana ['. Monumiem Ha npuMepe pa3HbIX BHAOB TPABSIHUCTBHIX
u JpeBecHbIX pacteHuit [5]. CyThb 3TOro SBJICHMS 3aKIIOYACTCS B TOM,
YTO METa0OJUTHl PACTEHHUH, BBIICISEMBIE B OKPYKAIONIIYIO Cpeay, COJepKat
aJJICJIONAaTUYECKH  aKTUBHBIE BEIIECTBA, O0OECIEUMBAIONIME XHMHYECKOE
B3aMMOJICHCTBUE PAa3IUYHBIX oOpranu3MoB. [lpu amnenomaruu OJWH BUJ
pacTeHMUI BBIJCISIET XUMUUYECKUE BEIIECTBA, MOJABIISIONINE PA3BUTUE APYTHX
BUJIOB PACTEHUI B COOOIIIECTRE.

Pactenus MOTyT BBIIEIATH aJUICJIONATUYECKUE META0OJIUTHl  Kak
HAJ[36MHBIMU, TaK U TOA3EMHBIMM OpraHamu. Bce xuMmuueckue BelIECTBa,
dbopmupyIOIKE AIETONaTHYECKU MOTEHIMA PACTeHUI, MOXHO pa3/eiiuTh
Ha TpU OOJBIIKME TPYMIbI: BTOPUYHBIE META0OJIUTHI PACTEHUI (OpPraHUYECKUE
KHUCIIOTBI, (PUPHBIC MacCJa, TEPIEHOUIbI, AJIKATIOUIbI, TIIFOKO3U/IbI, (hJITABOHOU/IBI,
pasznuyHbie MOMUGEHObHbBIE COCIUHEHUS], TyOUIIbHbIE BEIIECTBA, BUTAMUHBI);
BEII[ECTBA, KOTOphIE 0O0pa3yloTCs B Mpollecce OTMHUPAHUS TKaHEH pPACTCHUS
(OTUTONENTH/ B, AMUHOKHUCIIOTHI, aMU bl KHCIIOT, aMUHO- U UMUHOIIPOU3BOTHBIE,
WHJIOJITPOU3BOIHBIC, AMMHUAK U JIP. ); TPOIYKTHl MUHEPATU3AINHI U TYMU(PUKAIIUN
pPacTUTCNBHBIX TKaHeH (TYMHHOBBIC KHCIIOTBI W HMX MPOU3BOAHBIC) [5].
CocTaB annenonaTuyecku AakTUBHBIX BEIIECTB, OOpa3yeMbIX pPACTEHHEM,
BUJOCTIENU(UYEH W 3aBUCUT OT TIE€HETUYECKUX OCOOEHHOCTEH pPaCTeHMIl.
[Ipy >TOM B 3aBUCMMOCTH OT KIMMATHYECKUX U 3SJaQUUYECKUX YCIOBUIA
MPOU3PACTAHUS AJJIEIIONATUYECKUN TOTEHIMA pAcTEeHUs1 Oy1eT MEHAThCS [6].

JlokazaHo, 4YTO aJJIEJNIONATUYECKUE BEIIECTBA CIIOCOOHBI HW3MEHSTh
MPOHUIIAEMOCTh KJIETOUHOU MeMOpaHbl. BHYTpH KJIETKM OHM U3MEHSIOT PEIOKC-
MOTEHIIUAJI POTOIIa3Mbl, YTO OTPAKAETCS HA aKTUBHOCTH LIUTOIJIA3MAaTUYECKUX
(bepMEeHTOB U, CJIeI0BATEIbHO, HA META0OIMYECKUX MYTAX U (HU3HUOJIOTHIECKUX
npoleccax KJIeTok [5].

BripaxkeHHBIMU aJJIETIONAaTHYECKUMHU CBOMCTBAMU 00J1aJlaeT psji BUIOB
u3 cemericTBa Asteraceae, OTHOCSIIUXCS K CITUCKY 0CO00 OMaCHBIX MHBA3HOHHBIX
BHUIOB pacTeHui [7; 8], 4To HEOJHOKPATHO J0Ka3aHO dKcrepuMenTansHo [9; 10].

Kapantunnsiii copusik Ambrosia artemisiifolia L. BnepBbie mosiBriiacs
B benmapycu B 2003 r. Ha naHHbIld MOMEHT Ha TEPPUTOPUU CTPAHBI CYIIECTBYIOT
€UHUYHBIE OYard 3TOr0 KapaHTUHHOTO COpHsKa. MoliHasi Haja3eMHas Macca
U KOpHEBas CHUCTEMa pACTCHUN CHUJIBHO TMOJABJISIET KYJbTYpPHBIE PaCTEHUS.
Bonpmoli pacxom Boapl Ha 00pa3oBaHHWE EIUHUIBI CYXOTO BEIIECTBA,
XapaKTEepHBIN JJIsI paCTeHUsI, MPUBOJIUT K MCCYLICHUIO TIOYBBI U PE3KO CHUIKAET
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ee 1wiogopoaue. IIpu HemocTtaTOYHOM yXoae 3a moceBamu Ambrosia
artemisiifolia cumpHO WX 3ariymaeT, 4TO MPUBOJUT K PE3KOMY CHIDKECHUIO
U TOJHOW Trubenu yposkas. AJIenonaTuyeckoe JeHCTBHE BHUAA OKAa3bIBAET
yTHETAIoIIee JEHCTBUE HA JHEPrUI0 NPOPACTaHUSl CEMSIH, BCXOXECTh, CHITY
HAYaJIbHOIO POCTa SIPOBBIX 3EPHOBBIX, 3€pHOO0OOBBIX TpaB, Pa3zHOOOPA3HBIX
IPOMAIIHBIX KyIbTyp [8; 9].

30JI0TapHUKH Ha TeppuUTOpuM bemapycu mpeacTaBlieHbl KOMILUIEKCOM
BuoB — Solidago canadensis L. u Solidago gigantea Ait., a Tak’xe MEKBHUIOBBIMU
rubpugamu. [lepBoHayaibHO 30JI0TAPHUKU KYJIBTUBUPOBAIUCH B OOTAHUYECKUX
cagax EBporibl, a 3aTeM MIUPOKO UCIOJIb30BAIUCH B AIEKOPATUBHOM CaJI0OBOJICTBE.
HauGomnbiiee pacnpocTpaHeHue 30J0TAPHUKOB XapaKTEPHO IS LIEHTPaTbHOU
yactu benapycu.

AKTHUBHOMY pacCejIeHUI0 BO BTOPUYHOM apeajie Tpynibl 30JI0TAPHUKOB
TaK)K€ CIIOCOOCTBYET BBICOKAs IPUCIOCOOIAEMOCTh K HOBBIM YCIIOBUSIM
OKPY’KAIOIEH CpeAbl, BBICOKMM YPOBEHb WM3MEHUMBOCTH W3-3a YCIEIIHOU
rubpuau3anuu, OoJblas PEenpoAYKTHUBHAs  CIIOCOOHOCTh. HBa3noHHas
aKTUBHOCTbH 30JIOTAPHUKOB KOPPEIUPYET C UX AJIIEIONATUYECKON aKTUBHOCTBIO
U CoJIepKaHUEM B TKaHsIX (eHOoJIbHBIX coequHenuit [10]. Boicokuii amienonaTu-
YECKUI MOTEHIMAJ TO3BOJISIET 30J0TAPHUKAM BHEAPATHCS JAXe B MPAKTUYECKH
MOHOJIOMHHAaHTHbIe cooOrecTBa Heracleum sosnowskyi Manden [8; 10].

Bidens frondosa L. — ceBepoamepuKkaHCKHiA BUJT, OMYABIIHI U3 KYJIbTYPBI.
B benapycu uzBecten ¢ 1955 r. Bun BctpeuaeTcsi B mpuOpexKHBIX, PyAepaIbHBIX
coo011ecTBax, HAPYIIEHHBIX JECHBIX 3KocucTeMax. B 1oxHoil yactu benapycu
BUJ] TIOJTHOCTBIO HATYpPaJU30BaJCs. 3a CUET BHICOKOW KOHKYPEHTOCIOCOOHOCTH
U auienonarudeckor aktuBHocTH Bidens frondosa BeitecHsieT M3 mpUpOIHBIX
co00IIIeCTB a0OpUreHHbIC, B TOM YHCIIe OJM3KOPOACTBEHHBbIC BHIbI — Bidens
tripartita L. u Bidens cernua L. [8].

Ponunoii Helianthus tuberosus L. taxke sBnsiercs CeBepHas Amepuka.
B benapycu pacreHue HaTypalu3yeTcsi B pyJepajibHBIX MECTOOOUTAHUSX,
Ha OIyIIKax Jieca, TJA€ 00pa3yeT MOHOJOMHUHAHTHBIE TPYNITHPOBKH.
Bricokas KOHKYpEHTOCIIOCOOHOCTh 00y CIIOBJIEHA aJIEONaTHYECKUM IEHCTBUEM
Ha abopHUTreHHBIC BUBI [8].

Takum oOpa3zom, TpUMEpPOM MHBA3MOHHBIX BUAOB cemeicTBa Asteraceae
HOJTBEPXKIAeTCsl TOT (DaKT, YTO CIOCOOHOCTh WHBAWIEpOB CHHTE3HPOBAThH
aJJIeIONAaTUYECKHE BEIIeCTBA Ia€T UM MPEUMYILECTBO NEepea IPYTruMU BUAMU
U CIIOCOOCTBYET UX pacnpocTpaHeHHio. OJHAKO CIOCOOHOCTh K BBIJIEICHUIO
aJJIEIONMAaTUYECKUX META0O0JIMTOB HE SIBISETCS creuuduueckoil 0COOEHHOCTHIO,
NPUCYIIEH UCKITIOUYNUTEIbHO MHBA3MOHHBIM BUIaM PACTEHU.

UccnenoBanus annenonaTUYeCKUX BO3AEHUCTBUN MHBA3WOHHBIX PACTEHUU
B €CTECTBEHHBIX M 3aXBAYEHHBIX COOOIIECTBAX IEMOHCTPUPYIOT JOKA3aTEIbCTBA
pOJIM AJIJIEJIONATUU KaK OCHOBBI ABOJIOLMM BUJIOB, BO3SHUKHOBEHUS, Pa3BUTHUS
¥ CMCHBI PaCTUTENBHBIX c000IIeCTB [6; 7].
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A. B. LITIUT'YH, M. A. XBEHIYK, H. B. JIEBUYK
benapycs, bpect, bpl TY

ITPOBJIEMbI OYUCTKH ITPUPOJHBIX H CTOYHbBIX BOJ
OT COEJMHEHUMU KEJIE3A U HUTPATOB

[To manasiM BO3, B mMupe exerogHo okojio 7 % Bcex ciaydaeB CMEpTHU
1 0OJIe3HEH JI10/IeH BO BCEM MUPE IPOUCXOIAT U3-3a 3arps3HeHus Bobl. 13 HuX
exeqHeBHO okosio 6000 nereil ymuparoT OT OO0J€3HEH, KOTOpbIE MOXKHO
MPEIOTBPATUTh TYTEM YIYUIICHWS CAHUTAPHO-TUTUEHUYCCKUX  YCIOBHH.
Bcero xe B mupe Oonee 40 % HaceneHus IJIaHEThl JKUBET B pailOHax,
WCITBITHIBAIOIINX HEXBATKY BOJIBI.

3a 1961-2009 rr. ma Ttepputopuu PecmyOmuku benmapych pasBemaHo
282 ygacTka MECTOPOXKIACHHS I XO3SMCTBEHHO-IUTHEBOTO BOOCHAOKCHUS
106 HaceneHHBIX MYHKTOB C OKCIUTyaTallMOHHBIMHM  3armacamMu  MPECHBIX
IOJ3EMHBIX BOJ B KomudecTBe 7065,0 Thic. M® B CyTKH. AKTHBHO HCIOIB3yIOTCS
183 Bomo3abopa, 99 sBisAOTCS pe3epBHBIMU. [lo MaHHBIM TOCYAAPCTBEHHOTO
BogHoro kagactpa, B 2009r. u3 20 Thic. 3KCIUTyaTallMOHHBIX CKBaKUH
orObupanock 2,35 MuH M® BOABl B CyTKH, M3 KOTOPBIX Ha BOJ03a00pax
C YTBEpXKIEHHBIMHM 3amacamMd u3 1,9 ThIC. DKCIUTyaTaIllMOHHBIX CKBaKHH
oroupanocs 1,35 mma M° Bomsl B cyTku. Bopgmas crpaterus Pecry6nmku
benapycy Ha mepuon no 2020 r. pazpaboTaHa B COOTBETCTBUU C BojHbIM
kozekcoM Pecniyonuku benapycs, 3akonom Pecny6nriku benapych ot 14 HOs0ps
2005 r. «O0 yTBEepX AEHUM OCHOBHBIX HANpPABJICHWA BHYTPEHHEW W BHEIIHEU
nonuTuku PecriyOnuku benapychby.

CaHUTApHO-TUTUEHUYECKOE COCTOSIHUE MOA3EMHBIX BOJI Ha JIEHCTBYIOLIUX
BOJ03a00pax B OCHOBHOM  OTBEYAET YCTAHOBJIEHHBIM  TPEOOBAHMSIM,
3a UCKJIIOYEHUEM TTOBBIIICHHOTO COEPKaHUA JKeJie3a U MapraHiia, B OT/ACIbHBIX
ciydasix 00opa ¥ HEKOTOPBIX APYTHX KOMIOHEHTOB TPUPOTHOTO TPOUCXOKICHUS.
[TpupogusiMu  (hpakTopamMu OOYCIIOBIIEHO TMOBBIIICHHOE COJIEPKAHHUE, MPEXKIIEe
BCEr0, COEIMHEHUH ’kKeJe3a B MOBEPXHOCTHBIX U MOJI3EMHBIX BOJIAaX, UTO SBIISETCS
CIIEICTBUEM BBICOKOTO COJEp)KaHHS OJTUX DOJEMEHTOB B  KOMILIEKCAX
BOJOBMEIIAIOIIUX ITOPOJ U MOYB.

Ha ydacTkax, MCHBITHIBAIOUIMX AHTPONOTEHHOE BO3JEHCTBHE, OTMEUYEHA
TEHACHIIUA K YBEJIMUEHUIO COJEPKaHUsI B BOJIE aMMOHHUS, HUTPATOB, XJIOPUIOB
U IPYTHX KOMIIOHEHTOB.

[ToBbIlIEHHOE CcoOlEpKaHUE JKeNle3a, COSAMHEHWM Menu W MapraHia,
00yCJIOBJIEHHOE BBICOKMM PETHOHAIBHBIM (DOHOM 3THUX METAIIOB B MPUPOJAHON
cpene, B HaMOOJbIIEH CTENEHW XapaKTepHO IJIs BOJIHBIX OOBEKTOB OacceliHa
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p. [Ipunsatun. Coxpansiercs mnpoOsieMa 3arps3HEHUs OTAENIbHBIX YYaCTKOB
BOJOTOKOB, PACIHOJIOKEHHBIX HH>KE MPOMBIIIIEHHBIX [IEHTPOB.

YacTto BCTpeyaeMbIMU BEIIECTBAMU — 3arPA3HUTEISIMU BOJbI SIBJISIFOTCS
HUTPATHI U KEJIE30.

HutpaTsl — 3T0 oM a30THOM KUCIIOTHI, UMetolue B cBoelt popmyre NOs,
Hanipumep HutpaT Hatpus (NaNOs), meau (CuNOs), ammonus (NHs NO3),
kanbuueBas cenurpa (CaNOsz) u ap. BoNbIIMHCTBO U3 HUX PACTBOPUMBI B BOJIE
U SIBIISIIOTCSA MUHEpAIbHBIMU yJOoOpeHusiMU. YacTh M3 HHMX HE yCBaumBaeTcs
pacTEHUsIMU U ¢ aTMOC(HEPHBIMU OCAJKAMU MTPOHUKAET B MOA3EMHBIE TOPU3OHTHI
WJIM CMBIBAIOTCS B IOBEPXHOCTHBIE BOJIOEMBI.

HcrouHrKaMy HUTPATOB 3a4acTyl0 SIBISIFOTCS OTXOAbl M CTOKHU.
HekauecTBEHHO OYMIIEHHBIE CTOYHBIE BOJIbI ABIISIIOTCS OJHUM M3 HCTOYHUKOB
HuTpatoB. OHM mMONagalT B BOAY BMECTE€ C OTXOJAAaMHU YEJIOBEYECKOU
NeSATEIbHOCTH.

Comn a30THOM KHUCIOTBI 4YacTO IPUMEHSIIOTCS B IPOMBIIUICHHOCTH.
WX UCHoNb3yl0T HAa MHILEBBIX IPOU3BOJCTBAX, MPU IPOU3BOACTBE CTEKIIA,
METaJUIOB U JIPYyrodl MpoAyKIMu. B muineBod MpOMBIIUIEHHOCTH, HalpuMep,
npuMensietcss HUTpar Hatpuss (E251). OH sBisieTcs pa3pelieHHOW MNHUINEBOU
N00aBKOM U HCIIONB3YETCS B KAUECTBE KOHCEPBATOPA.

OrnpenenuTh HATUYKUE HUTPATOB B MIPOTyKTAX WM B BOJIE BO3MOKHO JIUIITh
C TIOMOIIbI0 XMMHYECKOTO aHalIM3a, BEllb UX HaJu4yhe HUKAK HE OTpaKaercs
Ha BKYCOBBIX KadecTBaxX. lICmoib30BaHHE HHUTPATOB B MPOAYKTaX CTPOTO
orpannyeHo, a BO3 ycraHoBieHa Oe3o0macHas KOHIIEHTpAlMs JHEBHOTO
MakcumMyma B 5 Mr Ha 1 kr Beca, HO He Ooisiee 650 MI B CyTKH.

[lonagass B OpraHM3M YeIOBEKAa, HUTPAT-HOHbI BCTYMAIOT B PEAKIIMIO
C TeMOIVIOOMHOM M OKHCIISIOT KEJIe30 B HEM, M3-3a YEro KpPacHbIE KPOBSIHBIC
TeJIblla HAYMHAIOT XYK€ TPAaHCIOPTHPOBATH KUCIOPOJA K TKAHSIM M OpraHam.
[TocnencTBuemM 3TOro mporecca SABISETCS CHUKEHHE HUMMYHHMTETA, a TaKXKe
HapylieHue oomMeHa BeuiecTB. [IoCcTOsIHHOE BO3/1eiCTBUE HA OpraHU3M YeJloBeKa
HUTPATOB MPUBOJUT K 3a00JICBAHUIO METTEMOTIIOOMHEMHH.

st GopbOBI ¢ TpoOEeMON 3arpsi3HEHUS CTOYHBIX BOJ| HUTpaTaMu
OBLITM pa3paboTaHbl PA3TUYHBIC METOIbI OUHUCTKH.

MeTox HOHHOTO 00MeHA VIS OYMCTKH HUTPATOB

[Ipoiecc  woOHHOTO OOMEHa MPOUCXOAUT  Oylaromaps  HAJTUYHIO
Ha TOBEPXHOCTH COpOEHTa (PUKCUPOBAHHBIX HMOHOB, KOTOPhIE OOMEHHMBAIOTCS
C MOHaMH HUTPATOB. [Ipr ’TOM HOHBI HUTPATOB IPUCOCAUHSIOTCS K TOBEPXHOCTH
copOeHTa, a Ha €ero MeCTO BhICBOOOXKAAOTCS (PUKCUPOBAHHBIE HA HEM HMOHBI.

Jlnst mpoBeAeHUs TMpolecca HOHHOrO OOMeHa HEeoOXOJUMO HMETh
CHEIUATbHYI0 YCTAHOBKY, COCTOSILIYI0 M3 HECKOJBKHUX KOJIOHH, B KOTOPBIX
pa3melneHbl copoeHTbl. CTOK HUTPATOCOAEPKAIIEeH BOJIbI MOAAETCS HA KOJIOHHBI,
MPOXOJIUT Yepe3 COPOEHTHI, U B PE3YJIHTATE MPOUCXOAUT HOHHBIN OOMEH.
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HNoHbl HUTPATOB, ylaBIMBaE€Mble COpPOEHTAMH, MOTYT OBITh YAaJICHbI
WA BBIOPOIIIEHBI TIOCTIE 3aBEPIICHUS MPOLIecca HOHHOTO 00MeHa. DTO MO3BOJISET
UCIIONIb30BaTh COPOCHTHI HEOJHOKPATHO, COKpalias 3aTrpaTbl Ha mpuodpe-
TE€HHE HOBBIX.

JIaHHBIN METOJ HE MOAXOAMUT JJIsl OYEHb KOHLIEHTPUPOBAHHBIX PACTBOPOB
HUTPATOB WIH ITPU HATWYWHU APYTUX IPUMECEN B CTOUHOU BoJe. B Takux cimydasx
MOTYT HCIOJB30BaTbCS JIPYTHE METOABl OYHMCTKH, COYETAEMBIE C HOHHBIM
obmenowM [1].

IIpumeneHnne 0OpaTHOro 0cMoOCa AJIsl YAAJICHUSA HUTPATOB

[Ipu ucnonb3zoBaHUU 0OPATHOTO OCMOCA ISl YJaJI€HUsI HUTPATOB CTOYHAS
BOJIa TIOJIBEPTaeTcs MpeaBapUTEIbHON 00paboTKe, BKIIOYAIOIMIEH (PHIBTPAIUIO
U yMsTrdeHue. 3aTeM OHa MOoJaeTcs IO JIaBJICHUEM K CIelMaIbHOM MeMOpaHe,
CIIOCOOHOM 3aJ€pKUBATh HUTPAThI U IPYTUE 3arPsI3HEHUS.

MeMOpana o0O0paTHOro oOcMoca HMMEET MaJleHbKHE TMOpbl, KOTOpbIE
MO3BOJISIIOT MPOXOJUTH TOJIBKO MOJIEKYJIaM BOJIbI, HE JIOMyCKasi IPOHUKHOBEHUE
HUTPATOB M Jpyrux MOHOB. TakuM o0Opa3om, CTOYHas BOAA MPOXOJUT Yepe3
MeMOpaHy, a HUTpaThl OCTAIOTCS Ha €€ MOBEPXHOCTH U YNAJSIOTCS BMECTE
C OTXOJIaMH.

Opanako HEOOXOIUMO OTMETUTH, UTO IPOLECC OOPATHOTO OcMOca TpeOyeT
MOJJICP)KaHUST ONPENIETICHHOTO JaBieHusi 1 dQPexkTuBHONM paboThl. Takke
OH MOXET OBbITh HEAI(P(HEKTHUBHBIM B OYHCTKE BOJIbI, COJEPKAIEH BBICOKYIO
KOHIICHTPAIIMIO HUTPATOB WK JIPYTHUX 3arpsA3HeHuii [1].

DJIeKTPOXUMHYECKAS 0UYMCTKA CTOYHBIX BOJ OT HUTPATOB

OTOT MPOIECC OCYIIECTBIAETCS IMyTEM MPUMEHEHHUS 3JIEKTPUUYECKOro
TOKa K JJIEKTPOJaM, KOTOpPbIE HAXOIATCA B KOHTAaKT€ CO CTOYHOW BOJIOMH.
Hutpatbl, mpUCYyTCTBYIOIIME B BOJE, MOABEPTalOTCA DJICKTPOXUMHUUYECKUM
peakuusiM, 4YTO MO3BOJSET MX NPEBpPATUTh B OoJjiee O€30MacHbIe MPOIYKTHI
WU yAQISTh UX U3 BOJbI MOJHOCTHIO.

[TepBbIit 3Tal NEKTPOXUMUYECKON OUYMCTKA CTOYHBIX BOJ OT HUTPATOB —
TO HWOHU3AIMs HUTPATOB IOJ BO3ACHCTBUEM  BJIEKTPUUYECKOTO  MOJIA.
DTO NPOUCXOIUT 32 CYET OKUCIICHUSI HEraTUBHO 3apsKEHHBIX HUTPATHBIX HOHOB
Y OJTHOBPEMEHHOM PEyKIINU MOJI0KUTEIBHO 3aPSAKEHHBIX HOHOB, YTO MPUBOJIAT
K 00pa30BaHUIO OKCHJIA a30Ta.

Bropoii 3Tam 3JIEKTPOXMMHYECKOW OYHUCTKM — OTO IPOBEICHUE
ANEKTpONIM3a JUIsl yJOalleHWsl OKCuaa a3zora u3 pactBopa. Okxcuj azora
npeoOpa3yeTcsi B a30T U KUCIOPOJI C MOMOIIBIO ANIEKTPOXUMUYECKUX MTPOLIECCOB
OKHUCJIEHUS] U BOCCTAHOBJICHHUSI, YTO MO3BOJIAET 3P(HEKTUBHO OUUCTUTH CTOUHYIO
BOJY OT HUTPATOB.

[IpeumyiiiecTBOM  SJIEKTPOXUMUUYECKOM OYMCTKM CTOYHBIX BOJ OT
HUTPATOB SBJSIETCS TO, YTO OHA HE TpeOyeT HCIOIb30BaHUA XWMHYECKHX
peareHTOB W HE MPUBOJUT K OOpa3oBaHUIO BpPEIHBIX 0TX0/0B. Kpome Toro,
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ATOT METOJ] CITIOCOOEH 00padaThIBaTh OOJIBITHE 0OBEMBI BOJBI M 00€CIICUYNBATH
BBICOKYIO CTEIEHb OYMCTKH [1].

BTopsiM paccMaTpuBaeMbIM 3arpsI3HUTEIIEM SIBIISIETCS KEIE30.

XKenezo — pacnpocTpaHeHHBIN 3arPS3HUTEND CTOYHBIX BOJI, U €T0 y1aJICHUE
ABJIIETCSl BaKHOW 3a/lauyedl TpH TMPOBEICHUU Mpoliecca OYMCTKU. Bbicokue
KOHIIEHTpaI[MU >Kejie3a MOTYT BBI3bIBATh Pa3HOOOpa3HbIE NPOOJIEMBbI, TaKue
KaK TOSIBJICHHE OCaJKa B BOJIOMPOBOJHBIX CHUCTEMAaxX, U3MEHEHHE I[BETAa BOJIbI
WJIN HETIPUATHBIN 3arax.

Meronuka onpeeneHus CoAepKaHus Kejle3a B CTOYHOM BOJE BKIIIOYAET
B cebs psag  1abopaTOpHBIX HCCileNOBaHMA ¥ aHanu3oB. OnuH U3
pacpoCTpaHEHHBIX METOJIOB — 3TO CIIEKTPO(HOTOMETPUUECKHN aHATTN3, KOTOPHII
MO3BOJISIET KOJUYCCTBEHHO OMPEASTUTh COACp)aHue Jkeie3a. J[aHHbI MeTon
OCHOBAaH Ha WCMOJIb30BaHWHM CBOMCTB B3aMMOJECHCTBUSA CBETA C BEIIECTBOM
U CIIOCOOHOCTH JKeJie3a IIOTJIONIATh OMpEAeiICHHBIC JUIMHBI BOJH. Takke
CYIIIECTBYIOT U JPYTHE METO/IbI aHAIIH3A.

Kosiopumerpuyeckuii aHaJIu3 OCHOBaH Ha U3MEHEHUHU OKpacKu oOpasiia
BOJIbI IIPU B3aMMO/JIeHCTBUHM ¢ peareHTamu. Crieninpudeckrue peakTUBbI 00pa3yroT
OKpPacKy B 3aBUCUMOCTH OT KOHIIEHTpanuu >kene3a. l[locime Bo3aeiicTBuUs
peareHTOB  U3MEpSAETCS WHTEHCUBHOCTh OKPACKH, KOTOpas IO3BOJISIET
OTIPEJICNIUTH COJIEP>KaHUE Kesle3a B 00pasIie.

KoMmmiiekcomerpuyeckoe THUTPOBaHHE 3aKIIOYaeTCd B THUTPOBAHUU
oOpaslia BOJBI CIEIUAIBHBIMU peareHTamu, oO0pa3yloUUMU CTaOUJIbHBIC
KOMITJIEKCHI C HMOHaMH Kejie3a. TUTpoBaHWE MPOJOJDKAETCS A0 IOJHOTO
oOpa3oBaHMsSI KOMIUIEKCA, YTO IIO3BOJISICT OMPEIACINTh TOYHOE KOJUYCCTBO
Kesesza B oOpasiie.

Onpenenenue o01Iero >kejie3a B CTOYHBIX BOJAAX SBJISECTCS BaXKHBIM
II1aroM JiUTsT KOHTPOJIS KauyecTBa BOJABI M BBISIBICHHUS CTCTIICHW €€ 3arps3HCHUS.
CopeprkaHue xene3a B CTOYHON BOJIE MOKET KOJIEOAThCS B ITUPOKOM JTHATIa30HE
B 3aBUCUMOCTH OT MECTa MPOUCXOKICHHSI CTOYHBIX BOA [2].

st 2¢(HEKTUBHOTO OYMINEHHSI CTOYHBIX BOJ OT JKeJie3a TMPUMEHSIIOTCS
pa3TUYHBIC METOBI U TEXHOJIOTHH, BKITIOUAs CICAYIOIIHE:

Oxkucienne n GuIbLTPaUMsA — OKHCICHHE XKeje3a 10 0oyiee TBEPAbIX
dbopM ¢ MOCIEOYIOMUM YyAAJICHUEM uepe3 (UIbTPALUIO SIBISETCS IIUPOKO
UCITOJIB3yeMbIM MeTo/IoM. OKHCIICHHE jkKelle3a OOBIYHO JIOCTHTACTCS IyTeM
n00aBJICHUST OKHUCIIUTENIEH, TaKUX KaK XJIOp WM KHUCJIOPOJ, B CTOYHYIO BOIY.
OOpazyromuiicss ocaJoK 3aTeM yAamasgercs myTeM GUiIbTpalMk — 4Yepes
cpenctBa (QWIBTPALMK, HANMPUMEp dYepe3 NeCHYaHbld (PMIBTp WU (QUIBTPHI
C aKTUBUPOBAHHBIM YTJIEM.

DJIEKTPOKOATYJIAUMA  SBISICTCA  DJIEKTPOXUMHUYECKHUM  TIPOLIECCOM,
KOTOPBIH  BKJIIOYACT NPUMEHEHUE  IMOCTOSHHOTO WM  TICPEMEHHOTO
IEKTPUUECKOTO TOKA JUIsl YAAJICHHs] PA3IMYHBIX 3arpsi3HEHUN, B TOM YHUCIIE
JKeje3a, U3 CTOYHBIX BOJ. B pesynbrare BO3JAEHCTBUS AJIEKTPHUUECKOTO OIS
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IIPOUCXOUT 00pa3oBaHUe (HIIOKYJISIHTOB, KOTOPBIC TPYIITHPYIOT 3arpsi3HCHHS,
obJrerdast uX OTJICJICHHE.

Koaryasimusi-dgJioramusi mpeACcTaBsIeT cO00M MPOIeCcC, BKIFOYAFOIIHIA
n00aBJICHUE KOAryJsHTOB B CTOYHYI BOJy, 4YTOOBI CTpyIIHUPOBATH
MeJIbYalIiie 4YacTHIBI Kejie3a B BHJEC (UIOKYJISHTOB. 3aTeM BOJa MPOXOIUT
gyepe3 nmporecc (IoTanuM, TAE BO3MYIIHBIC Iy3BIPbKH MPUKPEILIAIOTCS
K (DJIOKYJITHTaM M TOJHUMAIOT UX Ha IIOBEPXHOCTD, CO3/1aBasi CTyCTOK, KOTOPBIH
MOKHO JICTKO YIaIHUTh.

Hcnonb3oBaHne HOHOOOMEHHBIX CMOJI: KATHOHUTHI M aHUOHHUTHI MOTYT
OBITh MCIIOJIL30BAHBI JIJIS yAAJICHUS HOHOB JKeJie3a U3 CTOYHBIX BOJI. MI30BITOYHBIC
WOHBI JKeJIe3a 3aMEIIAfoTCAd Ha CMOJIe, a 3aTeM CMOJIa PEreHEpUPYETCS
C TIOMOIIBIO PAacTBOpa COJIM WM KHCIOTBL. OTOT TPOIECC MOXKET OBITh
3(G(HEKTUBHBIM, HO TpeOyeT MOIOJHHMTEIBHBIX OIepaluil 1Mo 00CITyKHBaHUIO
U pereHepanuu HOHOOOMEHHBIX CMOIL.

MeToabl HA OCHOBe AKTHBHOIO YIJIsl: aKTUBUPOBAHHBIA yroJlb MOYET
OBITH HCIIOJIB30BaH JUIS yJAJICHUS JKelie3a M3 CTOYHBIX BOJA. YTOJb O0Jaaact
BBICOKOH ITOBEPXHOCTHOH AaKTUBHOCTBIO W MOJKET TMOIIONIATh pa3JIMYHbIC
3arpsI3HUTENN, BKIIIOUast jkee30. CTOMT OTMETUTh, YTO aKTHBHPOBAHHBIN YTOJIb
JOJKCH OBITh MEePHOIUYCCKH 3aMCHCH WIIM PETCHEPUPOBAH JUIS TOJICPIKAHUS
ero 3(ppeKTUBHOCTH.

OumncTKa CTOYHBIX BOJI OT HATPATOB M JKeJie3a SBIIACTCS BaKHOM 3a/1aducii
JUIS 00ECIIeUeHUsT KavyecTBa BOJBI M 3allUTBI OKpY’KaromeH cpeabl. MeTopl,
OIMCAHHBIC BBIIIC, IPEIOCTABIAIOT Pa3IUYHBIC TOIXOJbI K PEHICHUIO 3TOU
POOJIEMBbI, KaXIbIH M3 KOTOPHIX MMEET CBOM IPEHMYIIECTBA M OTPaHHUCHHSI.
Vcnonp30BaHne KOMILIEKCHOTO IMOAX0J]a, BKJIIOYAass COBPEMEHHBIC TEXHOJIOTHH
OYMCTKM M METOJIbI aHaJn3a, MOXKCT 3HAYMTCIIBHO YIYyYIIUTh 3()(PEKTUBHOCTH
MPOLIECCOB OYMCTKU CTOYHBIX BOJ [3].
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A.B. IIEPBAKOBA® 2, O. H. BPYBJIEBCKASI?,
M. O. BBIYKOBCKA!

'Benapycs, Munck, BI'Y

’benapych, Munck, HUM OXII BI'Y

KATAJIM3ATOPBI JJIA SJIEKTPOXUMHUYECKOI'O
BBIAEJIEHUSA BOOAOPOJA U3 PACTBOPA HIEJIOYH
HA OCHOBE AMOP®HbBIX NIOPOLMIKOB NiWP U NiP

Pazpabotka »(h(EeKTUBHBIX U  JIOJTOBEYHBIX KaTaau3aToOpoB IS
HU3KOTEMIIEPATYPHBIX TOIUIMBHBIX JJEMEHTOB SBISETCS BaXXHOW 3aJadei,
OT pELICHUs] KOTOPOM 3aBUCUT paciidpeHue chepbl MPUMEHEHUS BOJIOPOJIHOU
SHEpPreTUKH. Takue KaTaau3aTopbl JOJDKHBI XapaKTepU30BaTbCS BBICOKOM
KOPPO3MOHHON YCTOMYMBOCTBIO B YCIOBHUSX SKCIUTyaTalldd U CTaOMIBHOCTHIO
KaTaMTUYeCKux cBoMcTB. [lmatmHa W Jpyrue O1aropojgHbIe  METaJUIbI
COOTBETCTBYIOT JSTHUM TpeOOBaHUSAM, OJHAKO MX BBICOKas CTOMMOCTH
MPENATCTBYET IIMPOKOMY IMPHUMEHEHUIO B MPOMBIIUICHHOCTH. J[11 35eKTpo-
XMMHUYECKOTO BOCCTAHOBJICHUS Bojopona (mainee — OBB) u3 mienouHbx
pacTBOPOB MIPUMEHSIOT HUKEIIb, XapAKTEPU3YIOIIUNCA BBICOKOW KaTATUTHYECKON
aKTUBHOCTBIO, HO  HEBBICOKOM  JIOJTOBEYHOCTHIO TPU  DKCIUTyaTallUH.
[IpuMeHEeHnE HUKENEBBIX CIUIABOB C METANIAMH M HEMETaJUIaMH IO3BOJISET
CHUBUTH dHEPTHIO B3 Me—H, . [1]. AKTUBHO B mocieiHee BpeMs pa3BUBACTCA
HarpaBjeHUEe pa3pabOTKU HOBBIX COCTABOB KaTajJM3aTOPOB, BKJIIOYAIOIIUX,
KpoMe MeTtamyeckoi (as3bl, ¢aszy mnonynpoBogHuka (rpadeHa, OKCHUIIOB
Mo(VI), W(VI), pochunos HuKemnst u ap.), MIOCKOJIbKY MPUCYTCTBUE MOCIETHUX
CIIOCOOCTBYET YBEIMYECHHUIO KOJIMUECTBA CAWTOB acOpOLMHU BOABI U yCKOPSET
CTaJIiIO TIepeHoca 3apsiaa [2].

[lenb pabOThI — MU3yUYEHNE KATATUTUYECKON aKTUBHOCTH U €€ COXPAHHOCTH
B mpoiiecce DBB KOMMO3UIIMOHHBIX aMOP(HBIX SJIEKTPOJHBIX MAaTEpPUAJIOB,
BKJIIOUAIOMINX HUKENIb U ero dochuasl win craB NiW ¢ pochunamu HUKENs
n WOy (rme X =2-3), MOJy4YeHHBIX ITyTEM XHUMHUYECKOTO BOCCTaHOBIICHHUS
13 BOJHBIX PACTBOPOB.

Metoauka 3kcnepuMmenTta. Ilopomkosbeiii crutaB NiP nmomywanu w3
pactBopa ¢ pH 11 Boccranosnennem Ni(Il) runodochur-nonamu B mpucyTCTBUU
uutpat-uoHoB. Ilpomecc Bocctanomienus Ni(Il) uHMIIUMpPOBAIM BBEJACHUEM
B pacTBOp HuKeneBoro mnopomka (99,9 % Ni). Cunre3 craBa NiP mpoBoauim
u3 pacteopa ¢ pH 6,8 Boccranosienuem Ni(Il) u W(VI) runodochur-nonamu
B NPHUCYTCTBUHM IUTPAT-HOHOB M TiHIMHA. [lopomok HuKems, HEOOXOIUMBI
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JUISL  CPaBHEHHUS  OKCIIEPUMEHTAJBHBIX  PE3yJbTaTOB, XapaKTEPU3YIOIINX
KAaTaJIMTUYECKOE IOBEJIEHUE KOMIIO3UTOB, MOJyYalld ITyTEM BOCCTAHOBIICHHUS
Ni(Il) rumpatom ruapasuna u3 pactBopa ¢ pH 11. Ilopomku Hukens
U KOMIIO3UTOB JUIsl yAQJICHUS TPUMECEHd MHOTOKPATHO MNPOMBIBAIM BOIOU
Y 3TWJIOBBIM CIIUPTOM, CYLIWJIM 10 IOCTOSIHHOM Macchl pu temneparype 90 °C.

DNEeMEHTHBIN COCTaB KOMITO3UTOB ONPEIEIISIIN METOI0OM MUKPOPEHTI€HO-
CHEeKTpaiabHOro aHamm3a ¢ nomoupto npuctaBku RONTEC k ckaHupyronemy
anekTpoHHoMy Mukpockorry LEO-1420. udpaxkromerp JJPOH-3.0 (ucTtounuk
msnydennst — CoKa) ucnonp3oBam 1t ha30BOTo aHATU3A.

N3 monydeHHBIX MOPOIIKOB IO CTaHAAPTHON METOJIMKE, MPUBEICHHON
B pabote [3], TOTOBUIN KaTAIUTUYECKUE YEPHUIIA, B COCTAB KOTOPBIX BXOAMIIU
M30IpOnMIoBEI  coupr, Nafion™ 117,  GuaumcruinmMpoBaHHas — Boza.
Karanutuyeckue yepHuiia HAHOCUIIM B JIBa CJIOSl HA MOBEPXHOCTh TPaUTOBOTO
crepxkHs (Mapka M) aumamerpom 0,5 cM, ero OOKOBbIE CTEHKHU
M30JIMPOBAJIM TMOJMMEPHBIM MaTEpUaJOM, YCTOWYMBBIM B IIEIIOYHON CpeJe.
DIIEKTPOXMMHUYECKYI0 aKTHBHOCTH MOPOIIKOB B npouecce BB B 0,1 M pacTtBope
KOH onenuBamu wMerogoM nukinueckoi BodsTammepomerpuu (ILIBA)
npu 20+ 2°C, wucnonb3ys mnoTeHuocraT-ragbBaHoctar PGSTAT204
MetrohmAutolab, mpu ckopoctu pazsepTku norenuuana 25 mB/c. LIBA-kpuBbie
3aMKMCBHIBAIM B TPEXDJIEKTPOJHOU SUEHKE C XJIOPCEPEOPSHBIM 3IIEKTPOIOM
CpaBHEHUS,  BCIIOMOTATEIbHBIM  IUJJATUHOBBIM  DJIEKTPOAOM,  pabouuM
ANEKTPOJOM — I'paUTOBBIM CTEP)KHEM C KATAIUTUYECKUMH YepHUIAMU. AHAIIN3
KAaTAJIMTUYECKON aKTHUBHOCTH TIOPOIIKOB MPOBOJUIN TIOCIE «IIPOPAOOTKI
ANEKTPOJA B TEUEHHUE MATU LHUKIOB. DJIEKTPOXMMHUYECKH AKTUBHYIO IUIOLIAb
MMOBEPXHOCTH OMPEEIISIIA «EMKOCTHBIM» METOJIOM [4].

PesyabTrarel um ux o0cy:xaenue. Ilo pesynbrataM >IeMEHTHOIO
ananu3a nopomok NiP comepxut 2,3 mac. % P, a mopomok NiWP Bxirouaer
6,2 mac. % W, 3,8 mac. % P. M3 nanasIx paboThl [5] n3BeCTHO, YTO BOJb(pam
MPUCYTCTBYET B CIJIABE C HUKEIEM B HECKOJIBKHX CTEMEHSIX OKHCICHUS —
Ha nonto W(0) mpuxomutcs 59 %, a octajibHasi 4acTb — OKCHJbI B CTEMEHSX
OKHcIieHusl Bosbdpama +4, +5, +6. Takum 00pa3oM, KOJIMYECTBO BOIb(pama,
CBSI3aHHOT'O B OKCHJIbI B KOMIIO3UIIMOHHOM TOpOIIKe, coctaBisier 2,5 %,
T. €. CUHTE3UPOBaHHBINA MOpomok — komno3uT NiWP-WOy. U3 pesynbraTtoB
pentrenodazoBoro aHanmm3a (PUCYHOK 1) BBISBICHO, YTO KOMITO3UIIMOHHBIC
nopomikd  NiP u  NiWP-WO, amopduzoBanbl — Ha peHTIEHOIpaMMe
NPUCYTCTBYET VIIMpPEHHas o0macth mpu 45-65° 26, 9TO COOTBETCTBYET
dazam HuKens u ero naTepMetaiuaoB NisP2, NisP4, NizP3, NioP, NiP.
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WHTeHCHBHOCTD (OTH. €11)
L L L L

T T T T
40 60 80 100
20, rpan

Pucynox 1 — Pentrenorpammel nopoiikoB Hukensi, NiP u NiWP-WOy

[Topomok NiP (pucyHok 2, 6) cocTouT U3 CHEpPUUYECKUX U OBAJIBHBIX
yactull ¢ pazmepamu 0,2—0,8 MKM, KpymnHbIe arperarbl JIHHOW 10 40 MKM.
NiIWP-WOy, (pucyHok 2, 6) COCTOMT Hu3 dYacTHil cheprueckoir (GopMaI

¢ pazmepamu 0,5-0,7 mMxm. Yactuipl o0pa3yroT MOPUCTBIE arperaTbl JUIMHOM
10-20 mxwm.

8

Pucynok 2 — COM-¢poTorpaduu nopomxos
a — Ni; 6 — NiP; ¢ — NIWP-WOx

PaccuMTaHHas >JIEKTPOXMMHUYECKM AaKTHBHAs IUIOIAAb IIOBEPXHOCTH
nopomkoB Ni, NiP, NiWP-WOy cocrasmser 1,14, 0,128, 0,49 cm?
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COOTBETCTBEHHO, T. €. MUHMMAJIbHAS TUIONIA/Ib XapakTepu3yeT Kommo3uT NiP.
N3 comocraBieHus pe3yJbTaTOB aHAIM3a KaTOAHBIX CKaHOB [[BA KpuBbIX,
XapaKTEPU3YIONNX KATATUTUYECKOE TOBEICHUE HUKEIS W KOMIIO3UTOB
B mpouecce OBB, u cpaBHeHusT 3HaYe€HUN TOTEHIMAJIOB, MPU KOTOPBIX
JOCTUraeTcs IUIOTHOCTh TOKa, paBHas 2 MA/cM? (Touka BhIOpaHHas IS
CpPaBHCHHUS KATAIUTUYCCKOW AaKTHBHOCTH TMOPOIMIKOB) Ha S5 m 50 mnukimax
(Tabnuia), ciemyer, YTO HHUKEIIb HaWUMEHEe KAaTaMTHYCeCKH aKTHUBEH W IpH
IUKIMPOBAaHUM €ro CBOWCTBAa KaTalu3aropa yXy[alTcs. Hawmmydreit
KaTaJTUTHYECKON aKTUBHOCTHIO, COXPAHSIONICHCS B MpOIEcCce SKCILTyaTalluy,
xapaktepuzyercst NiP. Karanutudeckass aktuBHOcTh kommoszuta NiWP-WO,,
W3HAYAJIBHO  HAWXYyAIIAs, yJIydllaeTcs B  MPOIecce  IMHUKINYECKOTO
WCITOJIb30BAHUS KaTaIM3aToOpa, 4TO, BEPOSTHO, OOBSICHICTCS M3MEHEHHUEM €Tro
cocTaBa BCIEJACTBHE TOTO, YTO YacTh BOCCTAHABIMBAEMOTO BOJOpPOAA
pacxoayercs Ha BoccTtaHOBIIeHUE W +4, +5.

Tabnuua — HekoTopele XapakTepucTUKH KaTOIHbIX BeTBeH [IBA kpuBbIX
JUISL IOPOLLKOB HUKEJISI U KOMIIO3UTOB

Koan4ecTBO LMKIIOB MCIIOIL30BAHMS Ni NiP NiIWP-WO,
KaTaJIn3aToOpPOB
Ei = 2 wa/en?2 5 KT THONISIpU3anuu, B -1,17 -0,58 -1,32
Ei = 2 wa/en2 50 it mosnsipu3aruu, B <-15 -0,58 -0,68

IIpu aHamu3e KOPPO3MOHHOW YCTOMYMBOCTH HHKEJSI U €r0 KOMIIO3UTOB
BBISIBJICHO, YTO Haubojee YyCTOWYMB K Koppo3uu Hukenb (v = 0,035mr/ron).
[Ipy OHMKIMYECKOW TMOJSApU3alMU  KOPPO3HOHHAS  yCTOMYMBOCTH  BCEX
KaTaJIn3aToOpOB yMeHbIaeTcs, Ho NiP koppoaupyeT B HAMMEHbIIEH CTENEHU.
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3ak/ioyeHue. YCTaHOBIIEHO, YTO UCIOJIb30BaHUE KOMIIO3UIIMOHHBIX
amopduzoBanubix mopomkoB NiP u  NiWP-WOy mno3BosisieT TOBBICUTH
KaTaJIUTUYECKYI0 aKTUBHOCTh B IMPOLIECCE DIEKTPOXUMHYECKOTO BBIICICHHUS
Bojiopoaa. OgHaKo aMOpPPU30BAHHOE COCTOSTHUE TIOPOIITKOB SIBISICTCS IPUIUHOM
UX HEBBICOKOW KOPPO3HOHHOM YCTOMYMBOCTH M HECTAOUIILHOTO KaTaau3a.

Paboma evinonnena npu gunancosoii noooepaicke benopycckoeo pecnyo6-
JUKAHCK020 onoa ¢ynoamenmanvHulx ucciedosanuti, epaum X23MH-002
(romep coceepucmpayuu 20230983).
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VJIK 544.77

H. B. AIKOBEIL], O. B. JTYKHLIA, O. A. CbIYEBA
benapych, Munck, MHCTUTYT 00I1I€# M1 HEOPTaHUYECKON XMMUU
HAH benapycu

®A3O0BBIE IIPEBPAIIEHUA HE®TAHBIX CMOJUCTO-
ACPAJIBTEHOBBIX BEHIECTB, MOJUO®PUIIUPOBAHHBIX
ITAB, 1P TEMIIEPATYPHOM BO3JIEUCTBUU

C TOukM 3peHHs TEePMOAMHAMUKH B HE(TSIHBIX IUCIEPCHBIX CHCTEMaXx
(manee — H/IC) nmpu COOTBETCTBYIOIINX YCIOBUSIX BO3MOKHBI (ha30BbIC MIEPEXOTbI
JIBYX THWIIOB: TBEpPAOE TEIO0 — SKUIKOCTh (0Opa3oBaHHE acCOLMATOB,
KpUCTAJUTM3AIMA) U )KUJIKOCTh — ra3 (ra3oo0pa3oBaHue). Y CIOBUsS 00pa30oBaHusl,
CyIIECTBOBAHMS W  pa3pylleHUs  HAAMOJEKYJSIpHBIX  cTpykTyp HJIC
(accounMaTUBHBIX KOMOMHAUMM, MUUEI, CJIOXKHBIX CTPYKTYPHBIX €IHWHHIL,
MakpOMOJIEKYJ])  OKa3blBalOT  pelIalollee  BO3JCHCTBHE HA  MPOLECCHI
TepmozecTpykuun komnoHeHToB HJ/IC, a Takke NpenonpenesstoT CTpyKTypy
U (PU3HKO-XMMHYECKHE CBOWCTBA NMPOIYKTOB. B CBSI3U € 3TUM IpeICTaBiIsIIO
UHTEpEC TMPOBECTH TEPMOXUMHUYECKUHM aHAIM3 CMOJMCTO-ac(albTEHOBBIX
BeulectB (gaiee — CAB), KoTOpble SBISIFOTCS CTPYKTYpPOOOpa3yIOUIMMU
komnonentaMmu HJIC, u MoauduuupoBaHHBIX MNOBEPXHOCTHO-aKTHUBHBIMU
BemectBamu (nanee — [TAB) obpasnoB CAB, 4To MO3BOJIIET yCTaHABIMBAThH
HaJIM4YMe XMMHYECKOr0 B3aMMOJEHCTBUS BEUIECTB UM (Ha30BBIX MPEBPAIICHUIA
MO0 COMPOBOKJAIOIIMX UX TEMJIOBBIM 3 PeKTam.

IIpy  TepmuueckoM  NECTPYKIMHM B pe3yabTaTe  OTLIEIJIEHUSA
anudatuueckux uened u (yHkuuoHaneHbIX Tpynn CAB craHoBsitcs Oosnee
IUIOTHBIMH, MPEBpaIasch B KapOEHbl M KapOOWIbl, KPUCTAJUIMTHI KOTOPBIX
SBJIIOTCS. HEOOPATUMBIMHU HAJAMOJIEKYJISIPHBIMU CTPYKTYpaMH, HE CLIOCOOHBIMU
K paspylIeHUI0 10 MOJEKYJISPHOIO COCTOSIHUS IIOJ JI€WCTBHEM BHELIHUX
daktopos. [Ipu tepmuyeckoit oopadborke CAB mperepneBaroT 1eCTpyKTUBHYIO
KOHJCHCALMI0O C 00pa3oBaHMEM KOKCOBOTO OCTaTKa, HMEIOUIET0 IUIOTHYIO
CTPYKTYPY M  COCTOSILIYI NPEHMMYIIECTBEHHO W3 KOHJEHCHPOBAHHBIX
apoOMaTHUYECKUX U TETEePOLMKINYECKHX KOJell, HWMEIOIUX CTa0WIbHbIE
CBOOOJHBIC paJuKaibl U cucteMmy conpspkenus. [Ipu koxcoBanuu (400-500 °C)
IPOTEKAIOT TMPEBpPALICHUSI OCHOBHBIX KOMIIOHEHTOB TSKENbIX HE(TAHbBIX
OCTaTKOB (Maceid, CcMoJI, ac(albTeHOB), MpPU 3TOM mnapaduHO-HaPTEHOBAS
4acTh Macesl KPeKUPYeTcs A0 KUAKUX U ra3000pa3HbIX MPOAYKTOB. st MOHO-
U OWULMKIMYECKUX  YIJIEBOJAOPOJOB B  Macjax BO3MOXHBI  PEAKIUU
nepepacrnpeesienus: BoAopoaa, 0iarogapsi HaJIU4YHMIO B MOJIEKYJIaX HA(TEHOBBIX
LIMKJIOB C MOJBUKHBIMU aTOMaMH BoJiopoAa. B pe3ynbTaTe 3TOro 4acth MOJEKYI
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MPEBPAIACTCS B HACHIIIEHHBIE YTJIEBOJOPOJbl U KPEKUPYETCs, JIpyras 4acTb
CTAHOBUTCSI 0OJie€ apOMAaTHUYHOW, OO0pa3yeT KOHJACHCUPOBAHHBIE MOIUIUKIIH-
YECKHUE CTPYKTYPHI M TIOTIOJNHSET TBEPAyI0 (azy achalbTeHOB, KOTOPBIC TPH
temriepatype Bbimie 300 °C pasnaratorcs ¢ oOpa3oBaHMEM Tasza, KUIAKUX
npoayktoB u kokca. Ilocie 310-320 °C pgectpykumst cMoid U acdaibTeHOB
MPOTEKAET UJIEHTUYHO, OJTHAKO 3HAUEHHUS TEIIOBBIX 3(PPEKTOB U BHIXOJ JETYUUX
BEIIECTB MPU MHUPOJIU3E CMOJ 3HAYUTENIBHO BbIIIE, 4YeM Yy ac¢aiabTeHOB,
T. K. TIOCTIeIHUE 00J1a/1at0T OOJIbIIIeH apOMaTUYHOCTHIO [1].

Jlnst uccnenoBanus ucrnonb3oBain CAB, BblieIeHHBIE 110 COJIBBEHTHOMY
Metrony lompae u3 HedrssHOro Oumtyma mapku BHK-90/30, B Tom umcne
u Moauduuuposannoro npu nepememmBanuu (T = 170 + 5 °C) uccnenyembimu
I[TAB (1 wmac. %), KoTOpble SBISIFOTCS TOTEHIIMAIBHBIMH aKTHBATOPAMH
It moBbleHUsT 3(G(HEKTUBHOCTU TEIUIOBBIX MpoiieccoB. Jlisi mccienoBaHuii
ucnosib3oBa  [IAB kaTMOHHOW ¥ HEHMOHHOM TPUPOABL:  OKTAICIUJI-
nponwieHauamud (OIIIA); ankunamugonmunasonoiavnamua (AUIIA); meTw-
ouc-(omeormaTIN)-2-ruapokcuaTHiIaMMoaniiMeTocybdar (QUYAC); deTBepTHIHAS
amMMoHueBass conb N-oktagenunauMeTuidTUIaAMMOHMOpoMua (OIAB);
ATKUIMOHOAMUIIIOJIUATUIICHTIONIMAMUH  KUPHBIX KHUCJIOT parcoBOTO Macia
(besdM-M); ankuiIIUuaMuH ¢ CoJIep >KaHUEM dTOKCUIMPOBAHHBIX Ipymil n = 3—6
u R=CpHy+CigHsr ((09)-AJlA); OyTWIOBBIE 3(pHpP KOKOCOBOTO KHPHOTO
cmpra, N =10, R =CyHy+CigHsr ((03)-BIKC); stmirenauamuiH  TeTpaduc-
(3TOKCHIIAT-0JIOK-TIPOIIOKCHIIAT)-TeTpod1, n= 64 ((0I-OII)-2JA).

TepmorpaBumerpuueckuii 1 nauddepeHnanbHO-TEPMUIECKUN  aHAIHN3
obpaszioB CAB mnpoBenen ¢ ucnosb3zoBanuem aHanuzatropa NETZSCH STA
409 PC/PG npm narpeBe B aumamnazoHe 20-500 °C. VYcmoBus wu3MepeHUit:
cpenHsis Macca oopasna 36,8 mr, Turens Al,Os, okuciuTenbHas cpeaa (Bo3ayx),
ckopocTh HarpeBa 5 °C/muH. Pesynbratel uccienoBanuii obpasior CAB
NPUBEACHBI B TAOIHIIE.

Anaim3 TepmorpamMm CAB mokaszan, 4TO HE3aBHCUMO OT CTPYKTYpBI
yriepogHoro ckenera IIAB OHM HMMEIOT aHaNOTMYHBIA BHUJI C TpeMs

sHAOdpPexktaMu ¢ MUHUMyMamMu B jgumanazoHax ~ 34,7-37,7°C (D)
325,7-339,3 (II) u 434,8-438,7 °C (III) u ogauM >K303PHEeKTOM ¢ MAKCUMYyMOM
~460,5-475,3 °C (IV).

[Ton  BO3meiicTBHEM  Temmeparypsl  oOiiee  TEPMOIUHAMUYECKOE
paBHOBECHE CO BpPEMEHEM CJIBUTACTCA B CTOPOHY TJIyOOKHUX MpEeBpaICHUIA
(c oOpazoBaHueM BOJOpOJia, METaHA, CMOJIbI, KOKCa) W BpPEeMs CTaHOBUTCS
OJIHUM M3 OCHOBHBIX MapamMeTpOB, OMNPENECISAIOMIUX COCTOSHUS CHCTEMBI.
B Tsoxensix HAC, mogudunupoBanusix [TAB, acanbrensl, O1arogapst HalM4uuio
aZICOpOIIMOHHO-COJIbBATHBIX ~ 00OJIOYEK, HAXOAATCI B  TOHKOJUCIIEPCHOM
COCTOSIHUHU.
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Ta6numa — Jlaaabie TepMHYecKOro aHamm3a 11 oopasnoB CAB,
MoauduimpoBaHHbix [IAB

[Totepu maccel o6paso CAB B unTepBaiax OO6mas
temneparyp 20-500 °C, mac. % norepst
Obpasen CAB 20-250 °C |250-420 °C | 420-485 °C | 485-500 °C MaCCI;I,
mac. %
CAB 1,22 6,66 20,55 7,17 35,6
CAB + OITJIA 1,74 5,83 19,32 5,86 32,75
CAB + AUITIA 0,79 7,49 21,29 4,63 34,2
CAB + DYAC 0,94 11,27 19,98 3,62 35,81
CAB + OJIDAB 1,83 7,96 21,63 6,00 37,42
CAB + beimv-M 0,86 7,75 23,28 5,22 37,11
CAB + (0D)-AJ1A 1,12 7,28 19,57 4,43 32,4
CAB + (0D)-BDKC 1,04 6,68 18,97 5,77 32,46
CAB + (OD2-0OI1)-5 1A 0,81 8,56 20,92 5,55 35,84

B ycnoBusix TepMokpekuHra acgaibTEHbl JUIIAIOTCS aJCOPOIMOHHO-
COJIbBATHOM 00OJIOUKH, KOTOpas IMOJBEPracTcs KPEKUHTY, TEPSIOT aJIKUJIbHbIC
3aMECTUTENM U (PYHKIHMOHAJIbHbIC TpyNmbl. PacCTosSHUA MEXTy MOJEKyJaMU
COKpAaI[al0TCs, aCCOIMAThl CTAHOBSTCS 00Jie€ KOMITAKTHBIMHU, YBEIWYHMBACTCA
SHEPIUsl MPUTSHKEHUS, BCIEACTBAE YETO OHU MOCJIEI0BATENBHO IO MEPE MOTEPU
BOJIOPOJIa TIEPEXOIAT B KapOeHBI, KapOOUIbI M KOKC [2].

Ha ocHoBanuu aHanm3a JaHHBIX YCTAHOBJIEHO, YTO BCE TEIIOBBIE (PPEKTHI
CONPOBOXKJAIOTCA  TMOTEpEHd  Macchl, CBHUJETEIBCTBYSI O  MPOTEKAHUU
JECTPYKTUBHBIX MPOIIECCOB C Pa3pbIBOM KOBAJICHTHBIX CBSI3E€H B aC(PabTEHOBBIX
mosiekynax. IlepBeiii sHmoaddekr mnpu 50 °C  o0ycioOBIE€H KUIEHUEM
JIETKOJIETYYHX YTIIeBOI0po1oB (ankanoB). Yuactku I, III u IV xapaktepusyrot
CTaJUH, CBSA3aHHBIE C OKHCJICHHUEM M Pa3JIOKEHUEM JIETyYMX apOMaTHUYECKHUX
COCIMHEHUN W APYTUX YIJIEBOAOPOAHBIX BEIIECTB, a TAKXKE KpUCTAILTU3aIuen
YIJICBOJIOPOJHBIX COEAWMHEHUM BIUIOTH JI0 KOKca. BaXHO OTMETHUTh, YTO
Ha [l ctynenu B obnactu Temneparyp 465—485 °C paspyuienue achaibTeHOBBIX
MOJIEKYJI, OOYCJIOBIEHHOE KPEKHMHIOM TSDKEJbIX YIJIEBOJOPOAOB, MPOTEKAET
Oojiee MHTEHCHMBHO, MPU OTOM BaxHO, 4Tto 3HaueHus Am g1 CAB,
MoudumupoBanubix [TAB, HIke, yeM i Apyrux KOMMO3UIMA. s maHHBIX
CUCTEM HaOJIOJaeTCs TakKe CMEHIeHHe OJHAoTepMudeckoro sddekra
B CTOpOHy OoJiee BbICOKUX Temmepatyp (mo 480-483 °C), dro cBs3aHO
C TOBBINICHHEM cTabmwibHOCTH MomudumupoBanubix CAB k 00pa3oBaHuio
«kokca». Cpbimie 420 °C  mpoOUCXOIUT pa3pylICHUE MEKMOJIEKYISIPHBIX
aCCOIMATOB U CYJIb(UIHBIX MOCTHKOB, ac(haIbTEeHBI MOTYT OBITH IPEOOPA3OBAHBI
B ra3bl W MacisiHble TUCTWUIATHL [Ipu Hambosiee BBICOKHUX TeMmIepaTypax
HaOmoaenuss  (Bmwiote g0 500 °C)  mpomomkaercss — yJIeTy4dMBaHHE
HU3KOMOJIEKYJISIPHBIX TPOJYKTOB, OJHAKO CKOPOCTh Mpoliecca 3aMeIseTcs
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BCJIEZICTBUE MPOLIECCOB MOJMKOHIEHCAlNHU, IPUBOASAIINX K 00pa3oBaHuIo Ooee
TBEPJOU U TUIOTHOM CTPYKTYpPHI (KOKCa) U3 BBICOKOMOJIEKYJISIPHBIX KOMITIOHEHTOB
(mpeBaJlipOBaHUE PEAKUUHN YIUIOTHEHUS HAJ KPEKUHIOM).

HezaBucumo ot mnpuponsl ITAB 3HaueHus oOiield MOTEpU MX MAaCCHI
HE3HAYUTEIBLHO OTIMYAIOTCS APYT OT Jpyra u cocrabisitor 32,4-35,84 mac. %.
OT0 naer oCHOBaHME MoJjarath, 4YTo uccieayeMbie oopasisl CAB nposBusitor
B DKCIIEPUMEHTAJBHBIX YCJIOBHUSX HJICHTHUYHBIE KATAIIUTHYECKHUE CBOMCTBA,
OIHAKO MOJKHO MPEeAnojgoxuTth, 4yto I[IAB MoOryr oka3biBaTh BIHSHUE
Ha SHEPreTUYCCKHE MapaMeTphbl CUCTEMBI [3; 4].

B cBsA3M ¢ 3TUM IPEACTaBISAIO0 UHTEPEC PACCUUTATH SHEPTUIO aKTUBALUU
TEPMOOKHUCIUTEILHON JECTPYKIMH, KOTOpas SBIAETCA W30BITKOM SHEPIHH
(MOTEeHUUANBHBIM OapbepoM), HEOOXOAUMBIM I Pa3pylLICHUs XUMHUYECKHX
CBsA3€H, O0O0pa3ylolmMX OCHOBHYIO IL€lb XUMHUYECKOIO COEAMHEHUS TOJ
BO3JICHCTBHEM HKCILTyaTallMOHHBIX (DaKTOpoB. Pacuer sHepruu akTUBALMH
TepMOOKHCIUTENbHOU AecTpykuun CAB mnpoBoamica no merony bpoiino
(1BoitHOE JorapuPMUPOBAHUE) C TOYHOCTHIO Oosiee 5 % myTeM yCTaHOBIEHUS
norepu Maccel HaBecku CAB oT BO3aeHCTBHSA TeMIlepaTyphl IIpU HarpeBaHUU
C 33JJaHHOM CKOPOCTBIO B OIIPEIEIIEHHOM UHTEpBaJIe TeMIiepatyp [5].

Pe3ynbpraThl ONpeneNeHus] 3HEPruu aKTHUBALMU TEPMOOKHCIUTEIbHOU
nectpykuuu s oopasnos CAB npuBeieHbl Ha PUCYHKE.
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AHalM3 JaHHBIX, MPEJCTABICHHBIX HA PUCYHKE, CBUACTEILCTBYET O TOM,
yTto MomupummpoBanue mnoBepxHocTh CAB mOpHBOIUT K  TOBBIMICHUIO
CTaOMIIBHOCTH CHCTEM K TIpoIlleccaM TEPMOOKHCIUTEILHON JECTPYKIIHH,
MOCKOJIbKY 3HA4YEHUs SHEPrUM aKTUBauuu it mojuduuupoBanHbix CAB
MIPEBBINIAIOT ATOT Mokaszatenb Ha 4,6-21,6 kJlx/Monp s ucxonueix CAB.
OTO CBSI3aHO C pa3pylICHWEM COJbBATHOM O00OJOYKH, MpeaoXpaHsIomen
achaabTEHOBBIE KOMIIOHEHTHl OT BHEIIHUX BO3JECHCTBUIA M YBEIMYUBAIOIICH
HHEPTUI0 aKTUBAIMU pEAKIUU KpekuHra. [lojgyueHHble NaHHBIE COIJIacyloTCs
CO 3HAYEHUSMM OHHEPTrUU AaKTUBALIUM TepMoau3a s acdaibTeHOB HedTH,
JUIs1 KOTOPBIX oHA cocTasisieT 20,64+102,53 k/{»/MoIb.

Takum 00pa3oM, Ha OCHOBaHUU MPOBEICHHOTO KOMIUIEKCA UCCIIeI0BaHUM
orlecHeHa  A(@PEKTUBHOCTh XUMHUYECKOTO AKTUBUPOBAHUS TEPMUUYECKHUX
nporieccoB B HIIC, a Taxxke Biausinue [IAB Ha TepMOCTONKOCTh M CTAOUIILHOCTD
HJIC. [lomy4yeHHbIE pe3yabTaTbl MOTYT CTaThb OCHOBOM ISl MTPOTHO3UPOBAHUSA
KauecTBa TSDKEJIbIX HePTenmpoayKTOB B Mpoleccax HUX MepepadoTKu
IpU TOBBIMICHHBIX TEeMIEpaTypax. YCTaHOBJIEHO, YTO MAaKCUMaJIbHOE
CTPYKTYpHUpYIOIllee W TEPMOCTAOMIM3UPYIOIIee JCUCTBUE Ha ac(aibTEeHOBBIC
arperaTbl okaszbiBaioT (02)-AJIA, OIIJA u (02)-BDKC [3; 4].
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nosmmMepHbix Matepuanos : CTh 1333.0-2002. — Munck : ['occtangapt : M-Bo
apXUTEKTYphI U cTpoutenscTBa Pecn. benapycs, 2002. — 8 c.
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AKTYAJIBHBIE TIPOBJEMbI
XUMHNYECKOI'O OBPA3OBAHUA

VJIK 372.854

B. . BOMKO, E. H. TUTEHKO
benapycs, bpect, bpecrckuit o6mactaoit UPO

O COCTOSIHUHU TPENNOJIABAHUSI XUMUHA
B YUPEKJIEHUSX OBIIETO CPEJHET'O OBPA3OBAHUSI
BPECTCKOM OBJIACTH

Kanposblii morenumana. B oOmactu mnpenonaroT mnpeamMeT «XHUMHUSD)
110 OCHOBHOMY M€CTY paboThl 0k0Ji0 495 denoBek. YUuTes BhICIICH U MepBOH
KBAIM(PUKALMOHHBIX KaTErOpPU COCTABIIAIOT TMOJABJSAIONIEEe OOJBIIMHCTBO
KajgpoBoro cocraBa — 385 memaroroB (78 %). Cnemyer oOpaTuTh BHUMAaHHE
U Ha OOJIBIIOC KOJMYECTBO yuuTeled Oe3 kareropunm — 56 yemoBek (11 %).
B ocHOBHOM 3TO yuuTenst ¢ HEOOIBIIUM CTakeM paboThl, a 3HAUUT TPeOyIolIe
METOJMYECKOW TOMOIIM KaK CO CTOPOHBI AJMUHUCTPALMU YUYPEXKICHHUIA,
TaK U CO CTOPOHBI METOJMYECKUX CIIyKO pailioHa, ropoaa. Mbl BUIUM, 4YTO,
C OJHOW CTOPOHBI, KaJApPOBBIA MOTEHLIHAT YYUTEICH XUMHUU SBISIETCA
KBATM(UIIUPOBAHHBIM [0 CBOEMY COCTaBy M TMO3BOJISIET peliaTh 3ajadu
mo6oit  cnokHoctd. C  apyroil CTOPOHBI, CIEAyeT OOpaTUTh BHHUMAaHHE
Ha KOJMYECTBEHHBIH COCTaB YUYUTEICH-METOIMCTOB — IUECTh NEJaroroB
(mo omHoMmy yuutemo u3 T. bapaHoBuum, bepesoBckoro, JIssxoBuucKoro,
KoOpuHnckoro, I'anueBuuckoro paiioHoB U MOCKOBCKOro paiiona r. bpecra).
C 2019 r. npeTreHIeHTOB Ha clayy SK3aMeHa Ha KBATM(DUKAMOHHYIO KaTErOPHUIO
«YUYUTENb-METOIUCT M0 XUMHUH HE OBLIO.

IoBbimieHne KBAJIMPUKANUM  yYUTEJEd XHUMHMH  NPOUCXOAUT
C YCTAaHOBJICHHOW NEPHUOJUYHOCTBIO B COOTBETCTBYIOUIMX YUYPEKICHUSIX
JOTIOJTHUTEIHHOTO 00pa3oBaHus B3pocibiX. Tak, 3a mepuos ¢ 2022 mo 2024 r.
MOBBINICHUE KBaTUUKAIMK Tponutd 486 yuuTenei, Mpenojarlmx JaHHBIA
npeaMeT, 4to cocTtaBisieT 98 % or oOiero yucia menaroroB, pabOTaIOIIUX
110 OCHOBHOMY MECTY pa0OThl U BEAYIIUX JaHHBIN mipenamet, u 82 % oT obiero
yucia yuurteneil xumuu bpectckoit obmactu. U3 mux 312 (63 %) yenoBek
NPOIILIM TOBBIIICHHE KBaTH(UKAMK MO HamparieHuo «Xumus», 88 (18 %)
YeJIOBEK MPOUUIM MOBBIIIEHUE KBAIM(PUKALUU MO HampaBieHUIo «buonorus»,
86 (17 %) wyenoBeK TPOILIM TMOBBIIICHWE KBaJW(PHUKAIMKA TIO JAPYyTUM
HaIpaBJeHUsM (KJIACCHbIE PYKOBOAUTENH U T. 11.).

B xoge wu3yyeHusi mpemnoJaBaHMs XHMHM B YUPEXKJCHHUSIX OOLIETO
cpenHero oOpa3zoBanust MBaHoBckoro, Manoputckoro paioHoB u T. [TuHcka
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OBUIH MOCEIIEHBl YPOKH XUMHUH U MPOaHATN3UPOBaHa JoKyMeHTalus. KoHTpoin
JOKYMEHTAIlMU TI0Ka3aJl HajJu4he KaJeHAApHO-TEMAaTUYECKUX U TMOYPOUYHBIX
IUTAHOB Y BCEX YUUTENEH. Y CTAaHOBJIEHO, YTO BO BCEX MOCEIIEHHBIX YUPEKICHUIX
B IIOJIHOM OOBEME BBIINOJHAETCS TEOPETHUYECKass W MPAKTHYECKas 4YacTb
y4€OHBIX MPOrpamM.

OpaHaKo CTOUT OTMETUTh U HEKOTOPBIE HEZ0UYETHI. B yacTHOCTH, H3yUYeHHAs
B XOJ€ NPOBEPKM JOKYMEHTAIlMsl HE BCErJa COJAEPKUT aHAIUTUYECKYIO
COCTaBJISIIOLIY10, HE BCEr/la JaHbl KOHCTPYKTUBHBIE PEKOMEHJAIIMN KOHKPETHBIM
YUUTENISIM, 4aCTO OTCYTCTBYIOT KOPPEKTHPYIOIIME YIPaBICHUYECKUE PEILICHUS,
HE 3alVlaHUPOBAaH IOBTOPHBIM BHYTPEHHUN KOHTPOJb. YIPaBIECHUYECKUE
pelieHus: MOTyT OBITh IMPHUHSTHI JIMIIL TOTNA, Korga OyAeT IMpOBEICH aHau3,
MOJITOTOBJICHA KAYECTBEHHAS aHATUTHYECKast HH(pOpMaIms.

Jlonpo¢uibHasi MOATOTOBKA M 00y4YeHHe HA NMOBBLINIEHHOM YPOBHE.
Cratuctuka TOBOpPUT 00 OPUEHTUPOBAHHOCTU (DaKyJbTaTUBHBIX 3aHATUN
UMEHHO Ha J0NPOGUIBHYIO MOATOTOBKY.

B cenbckux mikonax opraHu3anus (QaxyJbTaTUBHBIX 3aHATHH WHOTAA
HEBO3MO>KHA BCJIE/ICTBUE HEOCTATOYHOIO KOJIMYECTBA YUAIIUXCSl.

[Tocemennple  (akynbTaTUBHBIE 3aHATHUS, AaHAJIW3 JOKYMEHTAlUH
U TPEACTaBICHHbIE  yOpaBleHUSIMU  (OTAeIaMH) 1O  OOpa30BaHMIO
roppaiiuCOoJIKOMOB MaTe€pUabl MO3BOJSIOT CAENATh BBIBOJ, YTO YCHEIIHOCTb
JESATEIIbHOCTH y4aluXxcs Ha (aKyJIbTaTUBHBIX 3aHATUSAX JIOBOJBLHO BBICOKAS.

Henb3s kauecTBEHHO OpraHN30BaTh NPOPUIbHOE O0yUEeHUE, HE TPOyMaB
opranuzanuio jaonpoduibHoro. JlonpoduiabHas MOArOTOBKA OCYIIECTBISETCS
B YUpPSXKIEHHUSX O00pa3oBaHHsA dYepe3 OpraHuzanvio  (PaxKyJIbTaTUBHBIX,
CTUMYJIUPYIOIINX 3aHATUN, CIIOCOOCTBYIOIIMX MpeaMeTHOW auddepeHumanum
U IpyTUX MPo(OPHEHTATMOHHBIX MEPOTIPUSITHIA.

[IpopunbHOoe 0Oy4YeHHE MO XMMHHM OpPraHM30BAHO BO BCEX pailoHax
obmactu. OCHOBHAsI KOHIICHTpAIUs MPOQPHUIBHBIX TPYII U KJIACCOB OTMEYAeTCs
B MockoBckoM u JIeHMHCKOM paiioHax T. bpecra, r. [InHcke, r. bapanoBuun.

B yupexneHusix o0mero cpeaHero o0Opa3oBaHUsS —TPEIOCTaBICHA
BO3MOXKHOCTh Ha Il crymenu o6miero cpemHero oOpa3oBaHUS H3y4aTh
y4eOHbIN TpenMeT «XUMHs» Ha TOBBIIIIEHHOM YpoBHE B 8 um 9 Kiaccax,
Ha III crymennm B 10-11 knaccax, coderas u3ydeHHE Y4YEOHBIX MPEAMETOB
Ha MOBBILICHHOM YpPOBHE U IMpPOBeJeHUE NPO(ECCHOHATEHO OPUEHTHPOBAHHBIX
(bakynbTaTUBHBIX 3aHITHH.

MatepuanbHas 6a3a. OHIM U3 YCIOBHI OCYIIECTBICHUS TOTHOIIEHHOTO
0o0pa30BaTeNpHOTO TMpollecca IO XUMHH SBISIOTCS KaOMHETHl XUMUH,
oOecrieueHHbIe  HEOOXOAWMBIMH  Y4eOHO-METOAMYECKMMH  KOMILJIEKCAMH,
TEXHUUYECKUMU U JICKTPOHHBIMU CPEJICTBAMH O00YUYCHHsI, yaeOHOU TUTEepaTypo.

N3 488 yupexnenuii obpazoBanus B 485 (99,3 %) yupexmeHusx
oOpazoBanusi wumerorcss kabuaerel xummu. Tpu (0,6 %)  yupexmenus
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obOpazoBanusa (JpornunHckuii paiion, JKaOWMHKOBCKHMI pailloH) HE HMEIOT
kaOuHera XuMHH. VMEIOT COBMEIICHHBIE KaOWHETHI XUMHU C OWOJIOTHEH,
uiu ¢ reorpadueit, win ¢ pusukoit 133 (27,2%) yupexxaeHus oOpa3oBaHus.

CoOnroiatoTcss  HOPMBI M TMpaBWIa  XPaHEHHS, UCIOJIb30BaHUS
71a00paTOPHOTO 00OPY/IOBAaHUS M XUMHUYECKUX PEaKTHUBOB (yKa3aHbl TPYIIIbI
XpaHECHHs BEIIECTB, MPOBEPSAETCS CPOK HMX TOMHOCTH). PeakTuBBI XpaHATCS
B COOTBETCTBUU C TNPABWIAMH XpPaHEHHUS, UMEIOTCS HEOOXOIMMBIE CpE/ICTBA
WHIUBUTy IbHON 3alTUTHI.

AHanu3 MoKa3bIBaeT, YTO HE BCE KAOMHETHI UMEIOT HEOOXOIMMOE COBpE-
MEHHOE O00OpYyIOBaHMWE MJIS BBHITIOJHEHUS MPAKTUYECKON YacTH MPOTPaMMBI,
MHOTHE MOJIB3YIOTCS 000pYI0BaHUEM, TTPOU3BEICHHBIM HECKOJIBKO JECATUICTHMA
Hazan. TpeOyeTcs oOpaTUTh BHUMaHUE Ha €ro OOHOBIICHUE WJTU 3aMEHY.

C uejibI0 MOHUTOPHHIAa KAYeCTBA 3HAHMI y4alIMXCsl 110 XUMHAHA OBLTH
poBeieHbl KOHTpoIbHBIE cpesbl (nanee — KC) nmo rekcram BOWPO B 8-x kiaccax
yupexaeHuil oopazoBanus Manoputckoro, UBaHoBckoro paiioHoB u T. [InHCKa.

Cpenu yuactaukoB KC Ha ébicokom, docmamounom u cpeoHem ypOoeHsIX
(ormeTku 5—10 6amnoB) Beimonuuinu KC 76,0 % yuamuxcsi.

Ha yoosnemsopumenvrnom yposune (otmetku 3—4 6amna) KC BoinonHmIm
24,0 % ygammxcs.

Ha nuszxom yposne (otmetku 1-2 6amna) KC He BBIOIHUI HU OJUH
YYaIIUICS.

B nenom pacxoxaenue ormetkn KC 1 oTMeTKH, OJIy4eHHOU 3a TIEPBYIO
4eTBepTh, coctaBmsieT —0,1 %. Ito cBunmerenscTByeT 0 ToM, uTo ¢ KC yyammuecs
CIOPAaBWINCh YCIENIHO M B OCHOBHOM TMOATBEPAMIM U YIYUYIIWIA CBOU
YETBEPTHBIC OTMETKH.

OnHuM 13 ToKasareniel KauecTBa 3HAHUM YUYaluXcsi 0 XUMHH SIBIISIOTCS
pe3yJbTaThl pecnmyOJNKaHCKONH KOHTPOJIbHOM padoThl. B bBpectckoit o6nactu
pecnyOIUKaHCKYI0 KOHTPOJBHYIO paboTy MO y4eOHOMY MpenMeTy «XuMus»
BbINOJIHsIM 703 yyammxcs yupexxaeHui o0pazoBanusi bpectckoit o6nactu.

[Tourn 3 % ywammxcsd 1O pe3yJbTaraM KOHTPOJBHOW  paboOThI
POJEMOHCTPUPOBATIM HU3KUI ypoBeHb 0OyueHHocTH (12 Oanna).

KonuyecTBo ywammxcs, MOTyYUBIINX MaKCUMAJIbHBIN Ol 3a 3aaHus
KOHTPOJBHOU padoTsl, — 112 (16 %).

Cpennuii 6amt 3a KOHTPOJIBHYIO pa0dO0Ty M0 Y4EOHOMY MPEAMETY « XUMUSD)
cocTaBui 6,36 Oaja.

HenTpanu3zoBanHoe TecTupoBaHue. Ananu3 pe3ynbratoB LT mo xumun
3a MOCJIETHUE TPU ToJa TMO3BOJISIET TOBOPHUTH, YTO B OOJIACTH €CTh PETHUOHHI,
JEMOHCTPUPYIOIIME KaK CTaOMJIBLHO BBICOKME, TaK M CTaOWJIBHO HU3KHE
pE3ybTATHI.

Pe3ynbrarhl EHTPaIM30BaHHOTO TECTUPOBAHMS 10 XMMHH BBITYCKHHKOB
yUpexAeHU 00mero cpemHero oOpa3oBaHus OOJACTH Ha MPOTSIKEHUU
MOCJIETHUX TISITH JIET HUXKE, YeM pecnyOJuKaHCKue okasarenu, Ha 1,52 Ganna.
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JlaHHBIE PE3YIBTATHI TOBOPST O HU3KOM YPOBHE MPENOJAABAHUS MIPEAMETA,
OTCYTCTBUU CUCTEMHOM MOJATOTOBKH YUYAIIMXCS U O HEAOCTATOYHOM BHYTPEHHEM
KOHTPOJIE 3a COCTOSIHUEM MPENoJiaBaHusl Y4YEOHBIX NPEAMETOB B JaHHBIX
YUPEKICHUSX.

OnHuM U3 KpUTEpUEB pabOThl C OJAPEHHBIMH M BBICOKOMOTHBHUPOBAH-
HBIMM  yYallUMHCS MO XUMHUM SBJISIIOTCA HMTOTM  3aKJIIOYUTEIbHOIO
(pecny0JMKAHCKOTr0) 3TAana NpeIMeTHOH OJIUMITNAIbI.

3a mocieaHUX TPU TojJa TOOCHAUTENISIMH 3aKIIOYUTEIBHOTO 3Tara
pecnyOIMKaHCKONW OJIMMITHAJIbI M0 XUMHH SIBJISIOTCSA yYaIlluecs YUPEKJICHHIM
obOpazoBanus 1. bapanoBuum, 1. IluHcka, MockoBckoro paiioHa r. bpecra,
HNBaHOBCKOTO panioHa.

B tpetheM 3Tane pecnyO0IMKaHCKON OJTMMITAA/IbI IO XUMHUU OOJIbIIE BCETO
JUTIIIOMOB 3aBOEBAJIM yYAIIUECs YUPEKICHUM 00pa30BaHUSIMU TE€X K€ PailOHOB.

OnHako ecTh paloHbl, ydalrecs: KOTOPbIX HE ObUIM B YKCIIEC TOOeauTenen
Ha TPEThEM HTale Ha MPOTSHKEHUHM TPEX MOCIEIHUX JIET: OOJAaCTHOM JUIIEH,
bapanoBuuckuii, bepe3oBckuii, bpecrckuii, ['anueBumuckuii, ’KaOMHKOBCKHIA,
NBanesnuckuii, Kameneuxuit, JIssxopuuckuid, [Tuackuii, CTOMTMHCKUMN pailOHBI.

PesynpTaThl onuMmuazpl M KOHKYpCa HCCIEIOBATEIBCKUX PadOT
KPaCHOPEYMBO CBHUICTEIBCTBYIOT HE TOJBKO O TIOATOTOBKE YydalluXcs,
HO M O MOTEHIHAJIe YUuTeseH, paboTarIMX ¢ STUMH IeThbMU. B KaxaoM paiioHe
HEOOXOJIMMO aHAIM3UPOBATh CHUCTEMY 3aJaHWl, aKTyaJbHOCTh M HOBH3HY
TEM U T. 1. ¥ BeIpabOTaTh IJIaH MEPOINPHUITHH, HAMPABICHHBIX Ha MOBBIIICHHUE
JAaHHOW KOMITeTeHITMK. PaboTa 1Mo mMoAroTOBKE K YYacTHIO B Pa3JIMYHBIX dTarax
pecryOJIMKaHCKON OJMMMMMNAAbl JOJDKHA OBbITh TIOCTOSIHHOM, a HE HOCHUTH
AMU30JUYECKUN XapaKTep.

Heo6xonumMo 0TMETUTh, YTO HEMHOTHUE YUUTENSI CUCTEMAaTUYECKU TOTOBAT
peoOsT 1eeHaNpPaBIeHHO, 3a4acTy0 MPOBOAST TOJBKO Pa30Bble KOHCYJIbTAlUU
U TpeajaraloT padoTaTh CaMOCTOSITEIbHO. Takke CTaTUCTUKA IOKa3bIBaeT,
YTO YYaCTHUKAMHU OJIMMIIMAJ MNPAKTUYECKU IO BCEM IMpPEIMETaM SBIISIOTCS
OOHA WU TE€ K€ YyYalluMecs W Yalle BCEro HE OJApCHHBIC JETH, a YCIEIIHO
OCBaMBaloIIue 00pa30BaTeIbHbIC CTAaHAAPTHI.

BeiBoabl. KampoBblii  MOTEHUMAN  yYUTEIEH  XHMHUHA  SIBJISICTCS
oOecricueHHBIM B cUCTeMe oOpa3oBaHusi bpectckoit oOnacTh Kak B
KOJIMYECTBEHHOM, TaK M B KAY€CTBEHHOM OTHOIICHUSAX. HBIHEIHUI KaJIpOBBIN
COCTaB yUHTEJICH pacroaraeT 3HaYMTEIbHBIM OIBITOM MEaroruaeckoit paboTh,
BBICOKMM  KBaJIM(UKAIMOHHBIM  YPOBHEM, XapaKTEPU3YeTCS  aKTUBHBIM
OTHOIIIEHHEM K HUCIIOJIb30BaHUIO COBPEMEHHBIX 00pa30BaTEIIbHBIX TEXHOJIOTHH.
[Ipu 3TOM CTOUT OTMETUTH HEAOCTATOYHOE KOJMYECTBO YUUTEICH-METOIUCTOB,
a TaKXe€ HEJOCTAaTOYHO aKTMBHOE WX YYacTHE B MPOILECCE MNOATOTOBKU
K OJIMMITHAJIE U METOTUUECKOM 00eCcIeueHUH 00JIaCTH.

K coaep:xxaHu1o
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A. H. BYKATO
Pecnybnuka benapyck, MuHck, MuHCKuU# TOpOACKONW HHCTUTYT Pa3BUTHUS
o0pa3oBaHuUs

®OPMHUPOBAHUE ®YHKIIMOHAJIBHON TPAMOTHOCTH
YHAIIUXCA TP OBYYEHUU XUMHWHU YEPE3
MEZKIIPEJMETHBIE TPOBJIEMHBIE CUTYALIUN

CerogHss  ompeAeNsIonUM  YPOBHEM MPEJCTABICHUS  PE3YyJIbTAaTOB
oOpazoBaHus siBsieTcsl QYHKIIMOHAIBHAS TPAMOTHOCTh, KOTOpasi ONpeAesieTcs
KaK CMOCOOHOCTh JIMYHOCTU MPU MHHUMAJBHBIX 3aTpaTax BPEMEHU U CHII
MaKCHUMAJIbHO OBICTPO aJanTUPOBATHCS B KOHKPETHOM COIMATIBHON CUTyalluu
M, Kak CJEICTBUE OTOro, TMOJHOIEHHO (YHKIIMOHUPOBATH B CHUCTEME
OOIIIECTBEHHBIX OTHOIICHHMH [1].

YcnemHomy GopMUpoBaHUIO (PYHKIIMOHAIBHONW IPAMOTHOCTH y4alllUXCs
CIIOCOOCTBYET HMCIOJIb30BAHUE AaKTUBHBIX METOJ0B 00YUYEHUs, CPEId TUPOKOTO
CIEKTpPa KOTOPBIX MPUMEHUTEIBHO K OOYUYEHHIO XMMHUU OCOOO0r0 BHUMAHUS
3aCITy>KMBAET UCIOJIb30BAaHUE MTPOOJIEMHOTO METO/A, COCTOSIIIETO B BOBICUCHHUH
yYalluXxcsl B AaKTUBHYK) CaMOCTOSITEIBHYK JESATEIBHOCTh II0 PEIICHUIO
CHEIUATbHO CO3/IaHHBIX YUYUTEJIEM MPOOJEMHBIX CUTyalluid, CBA3aHHBIX
C PEaJbHOW KU3HBIO U UMEIOLIUX MEXIIPEAMETHBIN XapakTep.

N3BecTHBIE poOCCUiiCKME YueHble B 00JIaCTM METOJMKHU TMPEroiaBaHus
XUMHUM [2] BBIACJSIIOT HECKOJBKO BHUJOB M CIIOCOOOB CO3JIaHHMS Ha YpOKE
MEKIPEIMETHBIX MTPOOJIEMHBIX CUTYaIUN:

1. Cutyanium HEOXKUJAHHOCTHU CO3JAIOTCS MPU O3HAKOMJICHUM yYalluXCs
C MaTepHUaIoM, BbI3BIBAIOIINM YIUBJICHUE, TOPAKAIOIIUM CBOEH HEOOBIYHOCTBIO.

2. Curyanuu KOoH(MIUKTa BOSHUKAIOT ITPU HATMYUHU TIPOTUBOPEUNS MEKITY:

— TEOPETUYECKA BO3MOKHBIM CIIOCOOOM pEIICHHs 3aJadyd, HaillJIeHHBIM
YYallMMHUCS Ha OCHOBE CBOMX 3HAHMM BHYTPHU- U MEXKIIPEAMETHOTO XapakTepa,
Y HEBO3MO>KHOCTBIO €r0 MPAKTUYECKOTO OCYLIECTBIICHUSI;

— IPAKTUYECKH  JOCTUTHYTBHIM  PE3yJbTaToM (M3BECTHBIM  (haKTOM)
Y HEJIOCTAaTOYHOCTBIO TOJIBKO MPEIMETHBIX 3HAHWUW I €r0 TEOPETUUYECKOIO
000CHOBAHHS;

— KU3HEHHBIM  OINBITOM  YyYalllUXCA, UX OBITOBBIMH  TOHSATHUSIMH
Y NIPEJICTABICHUSIMU U HAYYHBIMU 3HAHUSIMH.

3. Cutyanuu OMNpPOBEPKEHUS CO3JAI0TCs, KOrJa Y4allluMCS Ha OCHOBE
BCECTOPOHHETO BHYTPU- U MEXIPEIMETHOIO aHAJIM3a MNPEHIaratoT JO0Ka3aTh
HECOCTOSITEJIbHOCTh KaKOT0-JIMOO MPEATIONOKEHHMS, UJIeH, BBIBOJIA, POEKTA U T. 1.
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4. CuTyauuy MpPEanoJIOKEHUs BO3HHUKAIOT, KOIJAa IPEANoJaracTcs
CYILIECTBOBAaHME KaKOro-auOO SABIEHUS WIM 3aKOHA, TEOpUHU H T. 1.,
pPacXoAsIIUXCsl ¢ MOJYYCHHBIMU paHee 3HAaHUSMU BHYTPU- U MEXKIPEIMETHOTO
XapakTepa, WM K€ TpeOyeTcss JoKazaTh CIPaBEIMBOCTh KaKOro-J1u0o
MPEANOI0KEHUS.

5. CuTyauuu  HEONpPENENEHHOCTH  CO3MIal0TCs, KOrja  y4allumcs
NPEABABISIIOT 33JaHUE C HEJOCTATOYHBIMM WM M30BITOYHBIMU JTAHHBIMU
JUTSl TIOJTyY€HUs OJJHO3HAYHOTO OTBETA.

Ha wHam B3misin, BechbMa MEPCHEKTUBHBIM — CIOCOOOM  CO3JaHUS
MPOOJIEMHBIX CUTYaAIIUH MEKIIPEAMETHOTO XapaKTepa Ha YpOKaX XUMHHU SIBIISIETCA
UCIOJIb30BaHUE XUMHUYECKOTO IKCIEpUMEHTa. B kadecTBe mpumMepa MpUBEAEM
IpOOJIEMHYIO CHUTYallUI0 MEXIPEAMETHOTO OMOJOTO-XUMHUYECKOTO XapakTepa,
KOTOPYIO MOXXHO CO3/1aTh Ha ypoke xumuu B 10 Kimacce mpu M3y4EeHUU TEMBI
«Kpaxmam».

[Tpu paccMOTpeHUH XUMHYECKUX CBOMCTB KpaxMaja yauTedb MOACITUPYET
peallbHyI0 CUTYaIHIO:

Bpauu-auerosnoru pekomennoBanu Pomany, ctpamaromiemMy n30bITOUHBIM
BECOM, HWCKJIIOYUTh W3 palliOHa NHUTaHUS TPOAYKTHI, KOTOPBIE COJEpKaT
Kpaxmai. Manpuuk chenaer mo jaBa OyrepOposa u3 Oenoro xsieda U KoJOachl
KOKJBIM JIEHb BO BpPEMsl MEPEMEHBI MEXIY TPETbHUM U YETBEPTHIM ypPOKAMH.
Bemonuser nu Poman TpeOoBaHue Bpayeil-1ueTonoros?

JUis  oTBeTa Ha TIOCTaBJICHHBIM BOMNPOC MENAror JE€MOHCTPHUPYET
y4amuMcs cllaidl, Ha KOTOPOM H300pa’keHbI XJIeO000YIOUHbIE U3ACIUS, KPYIIbI,
OBOIIH, U B X0/1€ Oecebl MOIBOANT UX K BBIBOAY, UTO Kpaxmall, COJACpIKAIIUACS
B OOJBIIOM KOJMYECTBE B TMHINE PACTUTEIBHOTO  MPOMCXOXKICHHUS,
SBIISIETCS. OJHUM M3 Hauboyiee pacIpOCTPAaHEHHBIX YIJEBOJOB B pAIMOHE
MUTAHM YeI0BeKa.

3areM y4HUTeNlb MPOCHT YYAIIUXCS MPEAJIOXKUTH OMBIT, MO3BOJISIOUIHIA
OMpEeNeNIUTh HAJIMUME KpaxMalia B 0ejoM xjebe, v, 0000IIMB UX TPEAJIOKEHUS,
OpraHM3yeT BBIOJIHEHHWE OJKCHEPUMEHTAa, TMPUBOMASAIIEIO K  CO3/aHHUIO
npoOJIEeMHOM CUTyallud Ha OCHOBE KOH(JIMKTAa MEXIY HMEIOIIMMHUCS
y y4aluxcs 3HAHUSMU U pe3yJbTaTaMu MPOBEIACHHOTO JKCIIEPUMEHTA.
Yyammmcs mpenjiaraetcsi KamHyTh |—2 Kaluid CIOMPTOBOTO pacTBOpa HOAA
Ha Kycodek Oernoro xyieba U onucarh mpoucxozsimue u3Menenus. [locae aroro
ydalmmcs HeoOXOAMMO pa3KeBaThb B TEUEHHUE 5 MHUHYT TaKOM Ke KyCcOdeK
oenoro xJyieba, MOMecTUTh ero B yamky lletpu, BHecTn 1-2 Kamim coupTOBOIrO
pacTBOpa MoJa ¥ OMHUCAaTh CBOM HAOIOICHMS.

Ha ocHOBaHWUW pe3yIbTaTOB BBIMOJHEHHOTO YUYAIIMMHUCS OMBITA YUYUTEIh
dbopMynupyeT TpoOJEeMHBI BOMPOC: MOYEMY MBI CMOTJIM BBISIBUTH Kpaxmal
B OeioM xjebe ¢ MOMOIIbI0 KAaYeCTBEHHOM peakluu B TMEPBOM Clydae,
HO HE CMOTJIH €T0 ONPEAEITUTH BO BTOPOM?
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JUisg perieHuss BO3HUKUIEW NpOOJEMHOW CHUTyalMM YYUTENb MPOBOJUT
C ydaumucs o6ecey, KOTopasi BKIIOUAeT CJeIyI0INe BOIPOCHL:

1. Kakue ¢usnueckue u XUMHUYECKUE MU3MEHEHUS MPOUCXOAAT C MUILEH
B POTOBOM NOJIOCTH?

2. Kakue nunieBaputenbHble GEPMEHTHI COAEPKATCS B CIIOHE YETIOBEKa?

3. Kakne wu3MeHeHHsT MPOUCXOAAT C MaKpOMOJEKyJIaMu Kpaxmana
1oJ1 AEMCTBUEM aMuUIIa3bl?

4. Kakue BeiecTBa 00pa3yroTcs B pe3yJbTaTe riapon3a Kpaxmana?

5. Kakoe BelecTBo sIBJII€TCS KOHEYHBIM ITPOJYKTOM THAPOJIN3a Kpaxmasa?
3anuiuTe ypaBHEHHE Peakuu (pepMEHTATUBHOTO THAPOIIM3a Kpaxmaia.

Bompocsr 1, 2 u 3 TpeOyroT OT y4amuxcsi IpUBJICUEHHs 3HaHUN U3 Kypca
ouonorun 9 kiacca 00 OCOOEHHOCTSAX NPOTEKAaHUs MUIIEBAPEHUS B POTOBOM
IIOJIOCTH YEJIOBEKA.

Jlig oTBeTa Ha BOMPOCH 4 M 5 yuyuTeNlb OpraHu3yeT padoTy ydaluxcs
C y4yeOHMKOM B Mapax, B 3aBEpUICHUE KOTOPOM MPOUCXOAUT (PPOHTAIBHOE
OOCYXKJIEHHE pe3yJbTaTOB pabOThl U (POPMYIUPYETCS BBIBOA, IMO3BOJISIFOIIMIA
OOBSACHUTH MPOOJIEMHYIO CUTYallI0, BO3HUKIIIYIO HA OCHOBAHUH ITPOBEIECHHOTO
DKCIIEPUMEHTA.

MexnpenMeTHble TPOOJIEMHBIE CUTyalldd MOTYT CO3/1aBaThCs HA BCEX
JTanmax ypoka XMMHHM. TeM He MEHee CIENyeT Y4YUTBIBaTh, YTO HE KaXIYIO
TEMY OUAAKTHYECKH LEIecCO00pa3HO M3y4yaTh C UCIOJIb30BAHUEM IIPOOJIEMHOrO
nonxona. [Ipu cozganuu u pemeHuu nNpoOIeMHbBIX CUTYalui MEXIIPEIMETHOTO
XapakTepa Ha y4eOHBIX 3aHATHSAX MO XUMHH CJIEIyeT IIUPOKO HCIOJb30BaTh
pa3HOOOpa3Hble HAIVISIIHbIE W TEXHUYECKHE CpelcTBa OOyueHHs, a Takke
HEOOXOJMMO COYeTaTh pa3nyHble (OPMbI OpraHu3alu padOThl yYalIUXCH:
UHIMBUIYaJIbHYIO, TPYNIIOBYIO0, (PPOHTAIBHYIO.

[IpumeHenne npu OOYYEHUM XHUMHH MEXKIPEAMETHBIX MPOOIEMHBIX
cUTyauil npoOyXJIaeT y y4alluxcsi CIHOCOOHOCTh HaxXOJIUTh HECTAHJAPTHBIC
pELIeHMs], CAMOCTOATENBHO PACcCyKIaTh, CTUMYJIHUPYET UX TBOPUECKOE U KPUTH-
YecKoe MbIIUIeHHEe, (HOPMUPYET HABBIKU COTPYIHHYECTBA M KOMMYHUKALUH,
a CJIeIOBATENbHO, SIBISETCS MOIIHBIM MCTOYHUKOM Pa3BUTHUS (PYHKIMOHATBHOU
I'PaMOTHOCTH YYalllUXCs.
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N3YYEHUE XUMHNYECKOI'O AHAJIN3A ITPHU IOATI'OTOBKE
CTYIAEHTOB CIIEHUAJBHOCTHU «bHOJIOTUA U XUMUSA»
B bpI'Y UMEHMU A. C. IYIIKUHA

B coBpemenHoM wMupe Ha QoHE OBICTPOrO pa3BUTHSA TEXHOJIOTHIMA
TpeOOBaHUS K MOJArOTOBKE CIELMAIUCTOB C BBICIIUM OOpa30BaHUEM BCE BpEMs
BO3pacTaioT. TecHoe B3auMOJAEHCTBHE yuyeOHOro Mpolecca ¢ HWHHOBALMSIMU
B HayKe SIBJISETCS HEOOXOJMMBIM YCIOBHEM JIJisi MOATOTOBKHA KOMIIETEHTHOIO
CHELMATUCTa BBICOKOM KBaIU(UKAIMM U BCECTOPOHHETO T'apMOHHYHOTO
pa3BUTHS JUYHOCTU CTyAeHTa. B pamkax ydeOHOro mpoiecca COBPEMEHHOIO
KJIACCMYECKOI0 YHUBEPCHUTETa IIOATOTOBKA CHEIMaUCTa CcoyeTaeT B cede
KaK TpaJWLHUOHHBbIE LEHHOCTU ((yHIAMEHTAIbHOCTh, CBSI3b C HAYYHBIMU
UCCJIENOBAHUSMH, MEXIUCUUIUIMHAPHOCTE), TaK W TEHJICHLHH, CBS3aHHbBIC
C OypHBIM pa3BUTUEM TEXHUKH M HHPOPMALMOHHBIX IOTOKOB (AKLEHT Ha
npo0JIEeMHOM O0Y4YEHHH, BHEAPEHUH WHTEPAKTUBHBIX METOJO0B U COBPEMEHHBIX
nHpopMalMoHHBIX TexHoiorui) [1-5]. Ha mepBeiii mian B 00pa3zoBaTebHOM
polecce  By30B  BBIXOJSAT  HMHTEIPATHBHBIA  MOJAXOH,  AKTyaJu3alys
MEXIPEIMETHBIX CBSI3€ M pPAa3BUTHE MNPAKTUUYECKUX U HCCIEAOBATEIIbCKUX
HaBbIKOB [2; 3-9]. IlepeunciieHHbIE TEHJEHIIMM OCOOCHHO aKTyaJbHBI
B MPENOJaBaHNUU TAKOTO pa3jiesia XUMUYECKON HAyKH, KaK XUMUYECKUI aHaJIN3,
T. K. B COBPEMEHHOM XMMHUYECKOM aHAJIN3€ BEAYLIYIO POJIb UTPAIOT AIIapaTHBIE
METO/1bl, TO3BOJISIIOUINE OOBEANHUTD TOCTUKEHUS XUMUH, PU3UKU U TEXHUKH.

MexnpeameTHble CBA3M B 00pa30BaTEIbHOM IMPOIECCE MPEACTABISIOT
co0Ol  COrjJacoBaHHOE  M3YyYEHHME  PA3NIMYHBIX  YYEOHBIX  JUCIUIUIMH.
AKTyanusanus. B3aMMOCBS3€H OJIM3KUX MO COAEPNKAHUIO IUCHMIUIMH U HUX
pa3zie’oB 0O0ecrieunBaeT MOBBIIIEHUE KauecTBa 3HAHUM CTYJIEHTOB, IMOBBIIIICHUE
MOTHUBAllUM, pPa3BUTHUE UIMPOKOTO HAYYHOTO Kpyro3opa, CIIOCOOCTBYET
BbIPa0OTKE LEILHOTO MHUPOBO33PEHUS. MEXNpeaMEeTHbIE CBSI3U BOIUIOLIAIOTCS
B CUCTEMHOCTU U (PyHIAMEHTaJIbHOCTU IMOJIyYEHHBIX 3HAHUH, CO3Jal0T OCHOBY
Uit (DOPMUPOBAHMST HAYYHOTO MHPOBO33PEHHMS M BCECTOPOHHETO Pa3BUTHS
JIMYHOCTH, TPOPECCHOHAILHOTO POCTa 3a cUeT camooOpaszoBanus [2; 10—12].

Bonpiioe BnusHHUE Ha ompeneneHue COACp>KaHUS TUCHUIUIMH XUMHUYe-
CKOT'O IIMKJIa OKa3bIBA€T TEHACHIIUS DKOJIOTM3allMd XUMUYECKOro 00pa3oBaHusl.
BaxxHocTh mnpoOnemM 3amuThl OKpY’KAIOLIEH Cpelabl JAeNaeT aKTyalbHOM
MOATOTOBKY KBaJU(UUUPOBAHHBIX CHEHUATUCTOB KaK MeAaroruuyeckoro,
Tak ¥ HAyyHOro Hpo¢uiis, Ha BHICOKOM HAay4YHOM YpPOBHE 3HAIOIIMX OCHOBBI
DKOJIOTO-aHAJIMTUYECKOTO  MOHUTOPUHIA. XHMHUYECKUW aAHAINU3  SBIISIETCSA
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HEOTHEMJIEMbIM KOMIIOHEHTOM JKOJIOTHYECKUX HCCIECOBAHUNA W PYTUHHOTO
MOHUTOPUHIA OKPYKaroLEH Cpelbl, MOATOMY BO3pPAcTaeT Ba)XHOCTb MPHUKJIAM-
HOTO AacleKTa XMMHYECKUX JTUCHUIUIMH, KOTOPBIA pealn3yercss B TMEPBYIO
ouepenb 3a cuer JaboparopHoro kypca [10; 11]. JlabopaTopHBI TPaKTUKyM
CIIOCOOCTBYET OCMBICICHUIO MPAaKTUYECKOW 3HAYUMOCTH TEOPETUYECKOTO
HAay4YHOI'O MaTepuaia, CO3[aeT OJIarONpUATHBIE YCIOBHS I BHEAPEHHUS
npo0JIeMHOro MmoaxoAa U (OPMUPOBAHUS HCCIEIOBATEIBCKUX KOMIIETCHIIUMA
y CTyAeHTOB [7].

CamocrosiTenbHas paboTa TakKe SIBISETCS Ba)KHOM COCTAaBHOM 4YacThIO
y4eOHOTO MpoIIecca, CIOCOOCTBYS 3aKPEIIJICHUIO M PA3BUTHIO 3HAHWI U HABBIKOB,
KOTOpBIE MOJY4YEHbl BO BpeMsl ayAUTOpHbIX 3aHATHI [13]. CamocTosiTenbHas
paboTa OKHA OXBAaThIBATh Kak MPOpabOTKy CTyJIEHTAMHU TEOpHUH (Hampumep,
Ipy HanucaHuu pedepaToB, AOKIAIOB), TaK U OTPAOOTKY MPAKTHUYECKUX
HaBBIKOB (HampHUMep, PEIICHHE PACUETHBIX 3a/ay), 4TO CIIOCOOCTBYET Ooliee
MIOJTHOMY, KOMIUIEKCHOMY YCBOCHHIO yueOHOro Matepuaia [2].

Ha (akynprere ecrecTBO3HaHUs bpecTckoro rocyaapCTBEHHOTO
yauBepcuteta uMeHun A. C. [lymxkuna crynentsl cnemnuansHoctn 1-02 04 01
«buonorus u XuMus» HAYMHAIOT U3yYEHUE XUMUYECKOT0 aHAJIU3a C JUCITUTIIMHBI
«AHanuTHyecKas XUMHUS», KOTOpas BXOAUT B MOAYJIb «AHaIUTUYECKas
U OuoJoruyeckas XUMUS» KOMIIOHEHTa YUYpEXKICHHs BBICHIErO0 OOpa3OBaHMS.
Ha u3yuenne 3T1oil qucuuimHabl 0TBOaUTCS 216 dacoB, u3 kotopeix 110 gacos
ayuTopHbIX. OHa BKITIOUYAET JIEKIIMOHHBIN KypC, Ta00paTOPHbBIE U TPAKTUYECKUE
3aHATHS. B Xoje M3ydyeHHs JUCUHUIUIMHBI 3aKJIaJbIBAlOTCSA OCHOBBI 3HAHMIA
O KJIACCHYECKUX XHMHUYECKHMX METOJaX KAadeCTBEHHOTO aHaiu3a (OTKPBITHUE
KaTHOHOB M AaHUOHOB, aHAJIM3 HX CMECei) M KOJMYECTBEHHOI'O aHallnu3a
(TpaBUMETPUYECKUNA W  TUTPUMETPUUYECKUM  aHANW3); aKTYalUu3HpyIOTCS
U YIIIyOJISIFOTCSL TEOPETUUECKME 3HAHUS TAKUX TUCLMIUINH, KaKk «OO01as XumMus»,
«XuMHS 2JIEMEHTOBY, « OpraHuvecKas XUMUs.

CryaeHTsl NpOAOIKAIOT 3HAKOMCTBO C XUMUYECKUM aHAJIU30M B IPOLIECCE
U3YUYCHHS] JUCHUIUIMHBI «DPU3UKO-XUMHUUYECKUE METOMbl HCCIIECIOBAHUSN,
KOTOpasi BXOAUT B MOAYJb «Du3nueckass U KOJUJIOMJHASA XUMUS» KOMIIOHEHTa
YUpEKIACHUS BBICIIETO 0Opa3oBaHUS. YUEOHBIM IUIAHOM Ha M3yYE€HHUE JAHHOU
JVCHUIUIMHBI OTBOAUTCS 136 yacoB, n3 KOTOpbIX S0 4acoB — ayAUTOPHBIE 3aHATHUS
(JIeKIMoHHbIe, Ta00PATOPHBIC U MPAaKTHYECKuE). B Xo/1e n3yueHus: qucuIInHbI
noAPOOHO PaCCMATPUBAIOTCSI METO/IbI, UCIIOJIb3YEMbIE€ B XUMUUECKOW HayKe AJis
W3YYEHUSI CBOMCTB AJIEMEHTOB, TPOCTHIX U CIIOKHBIX BEIIECTB, UACHTU(DUKAIINH
BEIIIECTB M COCTaBa CJIOXHBIX cMeced. JucnumiamHa «®PU3HKO-XUMHYECKHAE
METO/Ibl MCCIIEIOBAHUS» CBOCOOPA3HO MOJBITOXKUBAECT MaTEpHall MPEIbLAYIIUX
XUMUYECKUX JIUCIUIUINH, T.K. B XOJIe €€ H3yYeHHUs CTYACHTHI MOJIPOOHO
3HAKOMSITCS C METOJaMHU M3yYeHHsI CBOMCTB M COCTaBa BEILECTB, XMMHUYECKUX
MIPEBPAICHU, O KOTOPBIX ITUIA PeUb B IPEABLAYIUX XUMUYECKUX TUCIUATIITNHAX.
B xozxe npenojaBaHus IUCUUILIMHBI BO3MOXHO OYEHb OPTaHUYHOE BHEAPEHUE
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COBPEMEHHBIX MH(POPMAIIMOHHO-KOMMYHUKALMOHHBIX TEXHOJOIHI Kak B XOJ€
7abopaTopHbIX paboT (HampuMmep, NpPU HU3YYEHHH CIEKTPOPOTOMETPHH,
(GiyopumeTpuy, T. K. paboTa ¢ COOTBETCTBYIOLIUMH IpUOOpaMu IOIpa3yMeBacT
00paboOTKy HaHHBIX Ha KOMIIBIOTEPE), TaK W B CaAMOCTOSTEIHHOW paboTe
CTYAEHTOB (IpU MOATrOTOBKE pedepaToB U Mpe3eHTaluil, a TaKxke
MaTeMaTH4ecKoll 00paboTKe NaHHBIX aHAIM3a W PEIICHUU psiAa PaCUETHBIX
3aga4). CyIllecCTBEHHO OCJIOKHSET IPENoAaBaHue AUCLMILIUHBI TOT (PaKT, 4TO
«Dusnueckass XUMHUSD» H3Y4aeTCs MOCIEe U3YYEHHUs IUCUUIUIMHBL «Dusuko-
XUMHUYECKME METOJBbI UCCIENOBAHMS», a TO 3aTPYAHSAECT MOHUMAHUE HAY4YHBIX
OCHOB METOJIOB (PHU3UKO-XUMUYECKOTO aHAJIH3a.

Ba)XxHO Takke OTMETHUTb, YTO HA3BAHHBIE XUMHUUYECKHUE TUCLIUTIIIMHBI TECHO
CBSA3aHbl C JPYTMMH JUCUUIUIMHAMU €CTECTBEHHO-HAYYHOM HAaIPaBICHHOCTH,
TakKUMH KaK «OCHOBBI OOLIEr0 3€MJIEBEICHUS», «IKOJOTMYECKHUE MPOOTIEMBI
XUMHM» U «Oxoisorus». Hamuune B yueOHOM IJIaHE HECKOJBKHUX JAMCLUILINH
HKOJIOTHYECKON M MPUPOJOOXPAHHOM HAMNPABICHHOCTH TAaKXKE CIIOCOOCTBYET
YCTaHOBJICHUIO MEXIPEIMETHBIX CBS3EH.

Takum 00pa3om, ONBIT TPENOJaBAHNUS XUMHYECKOTO aHAIN3a JJIsl CTYIEH-
TOB Onosioro-xumudeckoro npoduist B bpl'Y umenu A. C. [lymikuHa nokassiBaeT
BaKHOCTh MHTETPATUBHOTO MOJX0Ja, aKTyaJM3allMl MEXKIPEAMETHBIX CBS3EH
Y pa3BUTHSI IPAKTUYECKUX HABBIKOB B COBPEMEHHOM XUMUYECKOM 00pa30BaHUU.
Oco0oe MecTo 3aHMMAlOT JIa0OpaTOpHbIE padOThl, KOTOPbHIE IOMOTAIOT
OCMBICIIUTh IPAKTHYECKYIO 3HAUMMOCTh TEOPETUUECKUX 3HAHUI U (OpMHUPOBATH
UCCJIEIOBATENbCKUE KOMIETEHIMU. VI3ydyeHne IUCUUIUINH «AHAIATAYECKAS
XUMUsD» U «DU3NKO-XUMUYECKHE METOJBl HCCIENOBAaHUS» B3aWMOCBSI3aHO
C JAPYTMMHU JTUCUUIUIMHAMH, YTO CHOCOOCTBYET (DOPMHUPOBAHUIO LEIOCTHOIO
Hay4YHOI'0 MHUpPOBO33peHus. HecMOTpsl Ha CI0KHOCTH, CBSI3aHHBIE C MOCIEN0Ba-
TEJIbHOCTBIO HW3YYEHHUS AMCLMIUIMH, Pa3pabOTaHHBIM MOIX0J CHOCOOCTBYET
pa3BUTHIO MPO(ECCHOHATBHBIX KOMIIETEHUUH CTyAeHTOB. [IpoBonnmas Hamu
paboTa HampaBiieHa Ha MOBBIIIEHUE MOTUBALIMM U KaYeCTBA O0yUEHHUs, a TaKXKe
Ha MOJATOTOBKY CHEIHAIMCTOB, CIOCOOHBIX MPUMEHATh XMMHUUYECKHE 3HAHUS
B [IPEMN0/1aBaTEeIbCKON U UCCIEA0BATEIbCKON NEATETbHOCTH.
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HEPBUYHASA OHEHOYHAS TUATHOCTHUKA YPOBHA
HOAT'OTOBKHU U MOTUBAILIMU K OBYYEHHIO B BY3E

C KaxaplM TOJAOM YpPOBEHb €CTECTBEHHO-HAYYHOM IOJTOTOBKHU
aOUTYpPUEHTOB, TIOCTYMAIOIIUX B TEXHUYECKUN BY3, K COXKAJCHUIO, CHUXKACTCH.
PacxoxaeHus MexIy pe3ylbTaTaMd IIKOJIBHOTO OOy4YeHUS M MPAKTHKOM
oOy4eHHUs B BBICIIEM y4€OHOM 3aBEJCHUU CIUIIKOM BEJIUKHU. Y OOJBIIMHCTBA
IIKOJIbHUKOB, BBIOpaBIIMX NPH TMOCTYIUIEHUM B By3 TexHudeckue u IT-
CHEIUATbHOCTH, OYEHb HHM3Ka WJIM BOOOIIE OTCYTCTBYET MOTHBALUs
B OTHOIIICHUM U3YUYEHUS AUCHUIUIMHBI « XUMUs». [locTynuBIMe B TEXHUUECKUN
YHUBEPCUTET HA HEXUMHUYECKHE CIEHHAIBHOCTH a0UTYpUEHTHI HE TOJIBKO
HE UMEIOT YCTOMYMBBIX 0a30BbIX 3HAHUH 110 XUMUU B 00bEME CPEJHEN LIKOJIBI,
HO M HE TOTOBBI K JAJbHEHUIIEMY M3YUYEHHUIO NPEAMETA B BYy3€, T. K. CUMTAIOT
€ro HEeHYXHbBIM JJIs1 CBOeH Oyny1iel mpodeccCuoHaIbHOM NesSTEIbHOCTH.

JUI yCHEmIHOro OCYILIECTBIECHUs 00pa30BaTEIbHOrO Mpoliecca aKTyasleH
AHAIMTHYECKUI KOHTPOJb €ro TEKYIIEro COCTOSHHA W PE3yJbTaTUBHOCTU
yueOHoro mporecca [1]. [ns mepBUYHON OLIEHOYHOW JMArHOCTUKHU YPOBHS
MOTHUBAllUM U MOATOTOBKM K M3YyUEHHUIO XMMHUU B By3€ aBTOPOM pPa3pabOTaHbI
Y UCIOJIb3YIOTCS LIEJIEBbIE aHKETHI. B CTyIeHUeCKOM ay TMTOpUN aHKETUPOBAHUE
IIPOBOJUTCS HA NIEPBOM Kypce B Hayaje M KOHIIE MepBOro cemectpa. B Havane
y4eOHOI0 CeMeCTpa BapHUaHT aHKEThl COAECPKUT BOIMPOCHI, OLIEHUBAIOIINE AaKTHUB
UMEIOIINXCA YMEHUW M HABBIKOB YYEOHOro TpyJa W YPOBEHb MOTHBALIMH
K U3YyUYEHHUIO XMMUHU B By3e. HeKoTOpbIie BOIPOCHI aHKEThI IPUBEACHBI HUXKE.

1. Bam 6ayin mo XuMuu: a) B aTTECTaTe ..., 0) pealbHbI C Balledl TOYKH
3pEHus ...

2. K 3aHATHAM 110 XMMUU TOTOBUJICA: @) A0Ma, 0) Tiepe YPOKOM B IIKOJIE,
B) HE TOTOBUJICS.

3. lomariHue 3a1aHus IO XMMUU BBITIOJHSUIL: a) PeryJisipHo, 0) OT cirydas
K CJIy4aro, B) HE BBIIOJIHSIL.

4. Ha moAroToBKy K 3aHATHUSIM 1O XMMHH sI TpaTwi: a) | gac, 6) MeHee
20 MUHYT, B) HE TOTOBUJICS.

5. B cnyuae 3aTpyaHeHuM B NOHMMAaHUM H3Yy4aeMOM TEMbI s: a) UILY
JOTIOJTHUTENbHYIO HMHGOPMALMI0 B JPYTrUX Y4YeOHBIX NOCOOUAX, O) HILy
JOTIOJTHUTENbHYI0 HMH(QOpPMALIMI0 B HHTEPHETE, B) UCHOJB3YIO PEHICOHMKH,
') HUYETo He Jenaro.
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6. Kak BBl omneHuBaete >(pPEKTUBHOCTH B CBOCH pabOTE CIEMYIOMNX
cpeactB  oOydyeHus? BapuwanTel oTBeTa: a) mojie3HO, 0) MaJOMOJIC3HO,
B) HenoJie3Ho. [IpocTaBpTe HANPOTHMB KaXXIOrO CIEAYIOIIETO ITYHKTa CBOM
BapuaHT oTBeTa (WM a, Wik O, uiau B): 1) oObsICHEeHHE MpernojaBaTeis — ...,
2) TEKCT yueOHUKa — ..., 3) nH(OpMaIKs B UHTEPHETE — ...

7.Kak BBl OlleHMBaeTe CBOM YpPOBEHb TOTOBHOCTH K paboTe B BY3e€:
a) He Oy/ly MCTIBITHIBATh HUKAKUX 3aTPyAHEHUH, 0) HEe yMEI0 paboTaTh pEryJIsIpHO
U CHUCTEMaTUYECKH, B) HE yMel pabotarth ¢ OOJbIIUM 00BEeMOM HH(OpMAINH,
I') HEe yMEIo paboTaTh CaMOCTOSTENBHO.

8. Cuuraere 1M BBl JIOCTATOUYHOM CBOIO HIKOJBHYIO 0a3y MO XUMHH JIs
paboTHI B By3e: a) 1a, 0) HeT.

9. Barre MHEHHE O MECTE XHMHH B PSTY €CTECTBEHHO-HAYYHBIX TUCITUTIIINH
U HEOOXOJUMOCTH €€ U3Y4YeHHUs: a)XMMHS — HayKa, 3HaHHE, KOTOPOM
HEOOXOJIMMO KaxJ0My O0Opa30BaHHOMY YEJIOBEKY, 0) XUMHUIO JOJKHBI U3ydaTh
110 COOCTBEHHOMY BBIOODY.

AHann3 oTBeTOB cTyAeHTOB bl 'YIP 10o3B0osIAII BBIABUTE ClEAyIOLIEE:

— IPAKTUYECKU BCE OMPOIICHHBIE CYMTAIOT CBOM peabHbIN Oal 10 XUMUU
3HAYUTEIBHO HUXKE, 9YeM B aTTectate (94 %);

— HE TMPOSBISUIM HHUKAKOIO HWHTEpeca K H3YyYCHHUIO XUMHUU B IIKOJIE
96 % ydvamuxcs, cuuTas ee CIOKHON U HEHY>KHOU ISl U3YUYCHUs, XOTS UMENU
BBICOKHE OLICHKH;

— K 3aHSATHUSM MO XMMHUHU B IIKOJIE TOTOBUJIMCH PETYNIApHO 29 %, OT cirydast
K ciay4datro 50 %, He roToBWIMCH coBceM 21 % OmpoIeHHbIX MEPBOKYPCHUKOB,
IIPUYEM Ha MOATrOTOBKY yYalllecs B OCHOBHOM 3aTpadnBaiid He OoJiee 20 MUHYT;

— B CJIy4ae 3aTpyAHEHUN B TOHUMAHUM U3y4aeMoOr TeMbI 62 % yyamuxcs
UIIYT JONOJHUTENbHYI0 HH(opManuio B uHTepHeTe, 20 % UCHOJB3YIOT
pemieOHUKH, 11 % HIIYyT NONOJHUTENBHYI0 MH(QOpPMALMIO B APYIHMX Yy4eOHBIX
rmocobusx, 7 % HUYETOo HE JeNIaloT;

— oLieHMBas 3(PPEKTUBHOCTDH B CBOEH pabOTe CpencTB OOyUEHU s, ydaluecs
CUMTAIOT TIOJIC3HBIM OOBsicHeHHe mnpenogaBatens (93 %) u uHpopmanuio B
unrepHere (77 %);

— OLICHMBAsi CBOW YPOBEHb TOTOBHOCTM K paboTe B By3e, HE OyayT
UCTIBITHIBATh HUKAKUX 3aTpyaHeHudd 18 % ydvamuxcs, He yMeT padoTaTh
PEryJsipHO U cucTeMatndecku 28 %, He yMeIoT paboTaTh ¢ OOJIBIITUM 00BEMOM
undopmaruu 35 %, He ymeroT paboTaTh camocToATensHO 18 %0;

— OLICHMBAasi TOTOBHOCTh B Haudaje CeMecTpa K paboTe MO H3yYECHHIO
BY30BCKOI nporpaMmbl Xxumuu, 80 % CTyJ€HTOB OTMETHIIA CBOIO OYEHb CIa0YI0
IIKOJIbHYI0 0a30BYIO MMOJTOTOBKY;

— OCHOBHOM MPUYMHOM HU3KOM MOTHUBAIMA K M3YYCHUIO XUMHUU
70 % ompoIeHHbIX CYMUTAIOT €€ HEHY)KHOCTh B OCHOBE CBOEro 0Opa3oBaHUs,
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OTBETHB OTPULIATEILHO Ha BOMNpoC «Bamie MHEHHWe 0 MecTe XMMHH B PSay
€CTECTBEHHO-HAYYHBIX JUCUUIUIMH U HEOOXOAUMOCTH €€ U3yUYEHUS;

— CTYJIEHTBI C HU3KOM MOTHBAIMENl K MpeIMEeTy cOCTaBiIIOT 79 %, npu
3ToM 40 % M3 HUX 3HAJIM, YTO JIaHHAS TUCUUILUIMHA U3y4aeTCsl B YHUBEPCUTETE.

OreHka Moxy4YeHHBIX PE3yJIbTaTOB CBUIETEIBLCTBYET O TOM, YTO CTYACHTHI
Ha TIEPBOM Kypce HE MOTYT ObITh TOTOBBIMH K CHCTEMATHYECKOW KPOIMOTIMBOU
paboTte, OHM HE BJAJICIOT NMpUeMaMu y4eOHoro Tpyaa. B Havane cBoeld paboThI
B yHUBepcuTere noutu 80 % CTyJeHTOB HE CIPaBISIOTCA C Y4eOHBIM TpaduKoM
JUCUUIUIMHBI, YTO SIBIISIETCSA CJIEICTBUEM HEAOIMOIYYEHHBIX B IIKOJIE YMEHHA
U HaBBIKOB y4eOHOM jesTenbHOCTH. Hanmumo mnpoTuBopeurne MEXITY
BO3MOXKHOCTSIMU OOYYArOIIMXCS M WX JOCTHKCHHUSIMH, BO3HHUKIIEE M3-3a TOTO,
YTO OHM HUMEIOT 3aTPYJHEHUS B Pa3BUTUU IO3HABATEIBHON JESITEIbHOCTH,
HE MOIYyT OpraHM30BaTh ce0s1 B y4eOHOM IIpoIlecce, CHCTEMAaTHU3UPOBATH
NOJIyYeHHbIE 3HAHUS, BBIICIATH IJIABHOE B y4yeOHOM Marepuane. Y HUX
OTCYTCTBYIOT HaBbIKM IPABUJIBHOTO BEJIEHUS KOHCIIEKTOB, pa0OTHI C YUYEOHBIMU
NOCOOMSMH U CIPABOYHOW JIUTEPATYpPOM, pPAIMOHAIBHON OpraHu3aluu
Y TUIAHUPOBAHUS CaAMOCTOSITEIbHON paOOTHI.

B KoHIIE IEPBOro ceMeCTpa aBTOP IMPOBOAUT INOBTOPHOE aHKETHUPOBAHUE
IEPBOKYPCHUKOB, KOTOpPOE 3aTparuBaeT NpoOJIeMbl aJanTald CTYJIEHTOB
K yueOHO paboTe B By3e. McnbIThIBaNIM 3aTpyIHEHUS [IPU U3yUYEHUHU BYy30BCKOM
IporpamMmmsl 1o AUCHMIUIMHE «XuMus» 70 % pecnioHaeHTOB. MHOTHE CTYICHTHI
CUMTAIOT, YTO B aJanTallM K yueOHOW paboTe B By3e UM MEILIAIO OTCYTCTBHE
HABBIKOB OPTaHM3aIlMUd CaMOCTOSTENbHOU padoThl (45 %), HemocTaTOUYHBIM
YPOBEHb IIKOJIbHBIX 0a30BbIX 3HaHU (37 %), OTCYTCTBHE HAaBBIKOB PabOTHI
¢ yueOHo# uTepatypoit (18 %).

AHanu3 CTaTUCTHMYECKUX JAHHBIX MOHUTOPUHIA MO3BOJISIET AaTh OLICHKY
napaMeTpoB NIepBOHAYATILHON 00pa3oBaTeIbHOM cpe/ibl 00ydaembiX. [1o n1aHHBIM
JUAarHOCTUYECKOIO0  MOHMTOPUHIA  YCTAHABIMBAIOTCA  MPUYMHBI  HU3KOU
MOTHBallMd K UW3YYEHUIO MpPEAMETa, HU3KOM YCIEBAEMOCTH MO MPEAMETY
U YpOBEHb aJanTHUPOBAHHOCTU K yueOHOU pabore B By3e. llpemnonmaBarens,
BOOPYKEHHBIN MOJ00HON MHMOpMarneii, Hanboiaee 3p(HEKTUBHO CMOXKET €e
VICITOJIB30BATh I MHAMBUyJIBHOTO ITOIX0/1a B OLIEHUBAHUH HE TOJIBKO 3HAHMM
CTYIEHTa, HO U AMHAMUKH POCTa YPOBHS €ro 00YYEeHHOCTH B JaJIbHEHIIIEM.

CIIMCOK UCITOJIb30BAHHOM JINTEPATYPHI
1. ScrokeBuy, JI. B. /IlnarHoctrueckas mporpaMMa MOHUTOPHUHTA y4e€OHOM
nearenbHocTH  cryaeHToB / JI. B. ScrokeBuu, U. B. beiuex // AxTyanbHble
po0JieMbl XMMUYECKOTO 00pa30BaHUs B CPEIHEHN U BBICIIEH IIKOJE : ¢O. HayY.
cT. / penkoi.: E. SI. Apmanckuii [u 1p.]. — Burebock : BI'Y um. I1. M. Mameposa,
2016. — C. 339-341.
K coaep:kanuio
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E. 1. BACUJIEBCKAS
benapycs, Munck, bI'Y

KOAUPOBAHME U BU3YAJIM3ALIUA NTHOPOPMALIUN
B XUMHNUYECKOM OBPA3OBAHUN

CosepiieHCTBOBaHUE HH(DOPMAITMOHHO-KOMMYHUKAITMOHHBIX TEXHOJIOTUHN
Ha COBPEMEHHOM JTare IMOBJIEKIO 3a cO00i M3MEHEHHUsT B 00pa3zoBaTEIbLHOM
IpoIecce, MO3BOJISAA HE TOJIBKO YCIIEHIHO pa3pabaTbiBaTh y4eOHBIM MaTepuar,
HO M TPENOJHOCHUTH €ro 00ydYaronmMcs B HaryisiAHOM Buje. M3BecTHO, 4TO
NPUHLUN HArJISJHOCTH SIBIISIETCSI OJHUM W3 OCHOBHBIX JIUJIAKTUYECKHUX
IPUHIMIIOB OpraHu3aluu 00pa3oBaTENbHOTO IMpoliecca, B TOM YHUCIE U TIO
xumun. HMudopmanuio, mTpeACTaBICHHYIO B BHAE H300pakKeHHUs, YETOBEK
oOpabaTeIBaeT ropaszno ObicTpee, yeM o0pabaThIBaeTCsl TEKCT. DTO OCOOCHHO
3HAUMMO JUIsI MOJIOJIeKU MokojeHui Z (poausiuxcs nocie 2000 r.) u Anbsda
(poauBmmxcs mocie 2010 r.), KOTOpble OTIUYAIOTCS BOBJICUYEHHOCTHIO B MUP
TEXHOJIOTUM, BOCIPUUMYHUBOCTHIO K JIFOOOM HMH(POpMAlUUd U CIOCOOHOCTHIO
K ObICTpoll ee TpaHcopmanuu, B TOM YUCIE M K CO3JaHUI0 HOBBIX BHJIOB
KoHTeHTa. Busyanuzanus obierdaer BocnpusTie MHOOpMAIUU U CYIIECTBEHHO
MOBBINIAET MOTUBAIIMIO K O0YYECHHUIO.

B o0yueHun XuMUM BU3yadu3allds WrpacT HEMAIOBAKHYIO POJIb,
HarpuMep, MPU UCIOJIH30BAHUU XUMHUUECKOTO SKCIIEPUMEHTA IS IEMOHCTPALUU
pPa3JIMUHBIX SBJICHUN M TPOIECCOB. boiee TOro, ycmenrHoe HM3y4YeHHE XUMUHU
CBSI3aHO C OBJAQJCHUEM CHUCTEMaMU KOJUPOBAaHUS U  JIEKOJAUPOBAHUS
uHpopmaruu, TpaHCcHOPMUPOBAHUS €€ U3 OJHOrO0 BHUJA MPEACTaBICHUS
B ipyroil. Tak, y>ke HauaJabHOM dTarne 00y4eHUs] XUMUU MPOUCXOAUT 3HAKOMCTBO
C «XUMHUYECKUM ali(paBUTOM», XUMHUYECKUMH (PopMyJiaMU W ypaBHECHUSIMU
peaknuii. C MOMOIIBI0 XUMUYECKON CUMBOJMKUA (POPMYJIHUPYIOTCS TOHATUS U
TEOPUH, XapaKTEPUIYIOIINE CTPOCHUE U CBOMCTBA BEIIECTB, NX B3aUMOJICHCTBHE,
(bU3BUKO-XMMUYECKHE 3aKOHOMEPHOCTH MTPOTEKAHUSI XMMHUYECKUX MPOIIECCOB.

Anxumukyd Uit 0003HAYEHHUS BEIHIECTB, XHUMHUYECKUX  Oleparui
U TpUOOPOB TPUMEHSIM  CHUMBOJMYECKHE  H300pakeHHs, OyKBEHHBIC
COKpalIEHHUs, a TaK:Ke coueTaHusi TeX U Apyrux. C pa3BUTHEM U CTAHOBIICHUEM
XUMHUM KaK HayKW HalKCaHUE CHMBOJIOB XMMHUYECKUX DJIEMEHTOB, XUMHUUYECKHUX
dbopMys1 U ypaBHEHUW peakIui MpeTeprieso CyIeCTBEHHbIe HW3MEHeHus [1].
B xumuueckoit ¢popmysie B COBpeMEHHOM BapHaHTE €€ HAIUCAHUs 3aKOJIUPOBaH
uenbii MaccuB uHpopmaru. OHa 0003HAYaeT WM OTPaXXaeT: OJHY MOJIEKYITY
WM OJWH MOJb BEIIECTBA, KAYECTBEHHBIM COCTAB (M3 KaKUX XHUMUUYECKUX
AJIEMEHTOB COCTOMT BEIIECTBO), KOJMYECTBEHHBIM COCTaB (CKOJHKO aTOMOB
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KaXKI0T0 3JIEMEHTa COJICPKUT MOJIeKyJia Ui (GopMysIbHas €MHHIIA BEIIECTBA).
Tax, narmpumep, popmyna HNO3z 0603HagaeT: a30THYIO KUCIOTY, OJHY MOJIEKYITy
aQ30THOM KHCJIOTBI, OAWH MOJIb a30THOM KHCJIOTbI, KA4EeCTBEHHBIA COCTaB
(MoJieKysa a30THOM KHCIIOThI COCTOMUT U3 aTOMOB a30Ta, BOJAOPO/Ia U KUCIOpOa)
U KOJIMYECTBEHHBIN COCTaB (B MOJIEKYJI€ @30THOM KHMCIIOTHI HA OJUH aTOM a30Ta
MPUXOIUTCS OJIMH aTOM BOJIOPOJIa U TPU aToMa KUCIIOPO/a).

N3 ypaBHEHHS XUMHUYECKOM peakIMu Mbl HU3BJICKAaeT HHGOPMALIUIO
O XHMMHYECKOM COCTaB€ M KOJIMYECTBEHHOM COOTHOIICHHH pPEareHTOB
U TPOAYKTOB, O TemIOBOM »3(d@exre U 0cOoOBbIX YCIOBHIX MPOBEICHUS
(HarpeBaHue, OCBEILEHHUE, JCUCTBUE DJIEKTPUUYECKOTO TOKA W JIp.) PEaKIUU.
Takum o00pazom, MBI JeKOAHpPYeM HHGPOPMAIUIO, 3aKIIOUEHHYIO B 3alHCH
ypaBHeHUs1 peakuuu. M, HaoObopoT, HabMomast 3a MPOLECCOM B XUMHUYECKOH
1abopaTopuu, MBI CBOpadYUBaeM UH(OPMAIIUIO, 3aUChIBasl YPAaBHEHUE PEAKIUU.
OTMeTuM, 4TO NMPU KOJAUPOBAHUU U JEKOJUPOBAHUHN XUMUYECKON MHPOpMaLUU
CIIEIyeT TaK)K€ HAyYUThCS MPABUIBHO MEPEBOJIUTH €€ Ha €CTECTBEHHBIE SI3bIKH.
A 1npu mnepexoAe U3 WIKOJBI B YHUBEPCUTET HEOOXOAUMO OCBOUTH
KpUcTaJuiorpauueckui, = KBAaHTOBO-MEXAaHWMYECKMH W P JPYyrux
VCKYCCTBEHHBIX SI3bIKOB, UCIIOJIb3YEMBIX B XUMHH.

Bbonbiioe 3HaueHue npu U3yyeHUH XUMHHM UMEET TakKe npeoOpa3zoBaHUe
HAyyHOro WM oOpa30BaTeIbHOTO MaTrepuaja B HarJisgHble TrpapuuecKue
n300paxkeHus, HamOosee yAOOHbIE MJii 3PUTENBHOTO BocmpusATus. Takas
BU3yaIM3als MHPOPMAMU IOMOTaeT ONTUMHU3UPOBATh U CUCTEMATU3UPOBATH
oOBeMbl 3HaHW, Jenas Hay4dHbIH W 00pa3oBaTelbHBIM MaTepuan Oosee
NOHATHBIM MW JOCTYNHbIM. B ydeOHOM mpolecce MO XUMHUU IIUPOKO
ucrnosb3yercss uHporpaduka kKak crnocod moaaud HHGOpPMaALUU, OPUEHTHUPO-
BaHHBI Ha COBPEMEHHBIE MOKOJIEHUS IIKOJBHUKOB M CTyAeHTOB. [Ipu 3TOM
MOTYT HMCIOJIb30BaThCA Kak TPAAUIMOHHbIE (TaOJIMLIbI, AMArpaMMebl, rpadukH,
MOJIeNIM), TaK W OTHOCHTEIIbHO HOBbIE (KJACTEphl, MEHTAJbHBIE CXEMBI,
CTPYKTYPHO-JIOTUYECKUE CXEMbl, CKPAaHOMHI, CKETYHOYTHHI, CTpela BPEMEHU
U JIp.) COCOOBI BU3yanu3aiuu nHhopmarm [2].

WNudorpaduka MOKET NPUMEHSTHCS AJI1 CUCTEMAaTU3alUU U CTPYKTypH-
poBaHUsS HMH(POpPMAIMH, TPEJCTABICHUS CIOKHBIX KOHLEMUMH W TPOILECCOB,
YTO CIOCOOCTBYET JIydllleMy MOHMMAHHUIO U 3allOMUHAHUIO O0YyYaroUMMUCS
yuebHoro wmarepuana. llepuonuyeckass TabivMLIa XUMHUYECKHX 3JEMEHTOB,
HaIpUMep, MOXKET pacCMaTPUBATHCS KaK OMH U3 MHCTPYMEHTOB HH(OTrpaduky,
MO3BOJISIONIMN MPOAHAIU3UPOBATh U3MEHEHHUE CBOMCTB XMMUYECKUX AJIEMEHTOB
U UX COeIMHEHW B rpynmax W nepuoaax. Mudorpaduka, BrIrouaromas
B ce0s 3D-monenu, moMoraeT Jyylle HOHSTh CTPYKTYpPYy U T€OMETPHUYECKYIO
KOH(UTypalnio MOJIEKYJ, PACCMOTPETh OCOOCHHOCTH B3aMMOJEHCTBUS MEXKIY
atromamu. C mOMOUIbI0 TaONMIl U TPapUKOB MOXKHO MPOUIJUTFOCTPUPOBATH
Takue (PU3nyecKre CBOMCTBA BEUIECTB, KaK IJIOTHOCTh, TEMIEPATYPbI TUIABJICHUS
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U KuneHud. JluarpamMMbl OTOOpa)xaroT pPACIPOCTPAHEHHOCTh PA3TMYHBIX
XUMHUYECKUX JIEMEHTOB B nipupoje [3; 4].

B pa6orax [2], [4—6] Oonee neTanbHO pacCMOTPEHO IPUMEHEHHE B ITPOIIecce
O0Oy4eHHs] XUMUU TaKUX JIEMEHTOB BU3YyaJIU3alllU, KaK OJIOK-CXEMBbI, UHTEJIEKT-
KapThl, KIacTepbl, CKpailOuHTr. B yacTHOCTH, MOKa3aHO, UTO UHMeE/IIeKm-Kapma
(MeHTaNbHAS KapTa, KapTa MBbICIIEH, AuarpaMMa CBsi3el, accollMaTUBHAS KapTa,
mind map) npeacrapiseT co00H IPEBOBUIHYIO CXEMY, Ha KOTOPOH M300paKeHBI
CJIOBA, UJICH, 3a/1a4U WIH APYTHUE MOHSATUS, CBI3aHHBIC BETBSIMHU, OTXOIAIIUMHU OT
HEHTPAIBHOIO TOHATHS WM uaeu. BeTBu, umeromue GopMmy IJIaBHBIX JHHUM,
0003HaYal0TCs U MOSCHSIOTCS KIIFOUEBBIMU CJIOBaMU WK 0Opa3amu. HTeeKT-
KapTa TO3BOJISIET aHAIM3UPOBATh OOJBIIOE KOJMYECTBO HHGOpMAIUH,
TE€HEPUPOBATH HOBBIE UJIEU, 3ATIOMUHATb.

[Ipu pabote ¢ xumMuyeckor HHGOpMAaIEl MOTYT IPUMEHATHCA U IPYTUe
UHCTPYMEHTbl HH(porpaduku: o0mako ciaoB (00JaKo TEroB), KpPOCCEHC,
nuarpamma Mmmkassl (mpuem «@Pumboyn»), auarpaMMbl Benna, nuHus (ctpena)
BPEMEHU, CKETYHOYTUHT, KOMUKC. PaccMOTpUM HEKOTOpBIE U3 HUX MOIpOOHEE.

Oonako cnoeé unu me208 — >TO BU3YAIbHOE NPEACTABICHUE CIIHCKA
KAaTeropuil WIA TEroB, TAK)K€ HA3BIBAEMBIX KIIIOYEBBIMHM CJIOBAMH. B KOHIE
U3y4YEeHHUs TEeMbl WM pas3fesa ydeOHOro marepuaga MOXKHO MpPENJIOKUTh
CTYJAEHTaM COCTaBHUTb, MOJb3YSICh MOOWIBHBIM TelepOHOM, OOJaKO CJOB
¢ momoIipio oxHoro u3 npunoxkenuit (Wordcloud (https://wordcloud.online/ru);
WordArt (Tagul); ImageChef; Tagxedo; Wordle). Ho npexne HeoOXoaumo
COCTaBUTh NEPEUYCHb KJIFOUEBBIX CJIOB IO TEME, a BEIOOP KIIFOUEBBIX CJIOB, B CBOIO
ouepesib, OyIeT OTpaXKaTh CTENEHb U3YYEHHOCTH BOIPOCA.

B ocHoBe memooa @uwmboyn — cxemaruueckas auarpamma B (opme
ckeneta pelObl. Takas quarpamMma MIMPOKO U3BECTHA MO/ HA3BAaHUEM IHATrPaMMBI
NimvkaBel B 4eCTh SAMOHCKOTO mMpodeccopa, KOTOPBIM U H300pesl METoA
CTPYKTYPHOTO aHajiu3a MPUYMHHO-CIEJACTBEHHBIX CBs3€. OTa auarpamma
BKJIIOYAET B CeOsl OCHOBHBIE YEThIpe OJIOKa, MPEACTaBICHHbIE B BUIE T'OJIOBHI,
XBOCTa, BEPXHHUX U HWKHUX KOCTOUYEK cKejieTa. CBA3YIOIIMM 3BEHOM BBICTYIAET
OCHOBHAsl KOCTh WJIM XpebeT puIObl. ['010Ba — 3T0 OCHOBHAs TpobiemMa, BOIIPoOC
WM TeMa yueOHoro matepuaia. Ha BepxHUX KocTouKax (PUKCUPYIOTCS OCHOBHbBIE
HOHSTHS TEMBbI, IPUUMHBI, KOTOPbIE MIPUBENHU K npodieme. HikHrue KOCTOUKH —
3TO (PaKThI, MOATBEPXKAAIOIINE HATUYUE CHOPMYTUPOBAHHBIX IPUUWH, U CYTh
MOHATUM, YKa3aHHBIX HAa CXeMe€. XBOCT — OTBET HA IOCTaBJIEHHBIA BOIIPOC,
BbIBO/IbI, 00001IeHNe. C MOMONIBIO TaHHOTO MpPUEMa MOXKHO Cpa3y MPOBEPUTH
3HAHMS MO OTIEJIBHO B3ATOMY, KOHKPETHOMY BOMNPOCY WJIM MO LEJIOU TeMe.
Juarpammy MWimuMkaBbl Takke MOKHO HCIIOJNb30BaTh Kak JJisi  CO3JaHMS
poOJIEeMHOM CUTYyallMK PU U3YYEHUU HOBOT'O MaTepHalia, TaK U Ha pPa3IMYHbIX
sranax 3akpervieHus. Cxembl OUIIOOYH [alOT BO3MOXKHOCTb OpPraHMW30BaTh
paboTy 00yyaroluxcs B mapax WM Irpynnax, BU3yalbHO MOMOYb UM YBHUJETh
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B3aMMOCBS3b MEXIy MPUYMHAMU U CIEJCTBUSIMHU, Pa3BHBAIOT KPUTHUYECKOE
MBIIJICHWE, HAaBBIKA pabOThl ¢ WMHpOpMANUEe W yMEHHUE CTaBUTh W PEIIaTh
poOJIEMBI.

Jluacpamma Benna npeAcTaBisieT CXEMaTUYHOE HM300pa)KeHUE BCEX
BO3MOYKHBIX OTHOIIIEHU (00bEeIUHEHHE, IEpeceYeHUE, CHMMETPUYHAS PA3HOCTD )
HECKOJBKMX (4acTo TpeX) TMOJAMHOXKECTB YHHBEpPCAJLHOTO MHOXECTBA.
[TocTpoenue Takux nauarpaMMm IO3BOJISIET YBUJETh O0Iee M YacTHOE IpU
U3YYEHUU CBOMCTB OTJEIBHBIX KJIACCOB XMMHUYECKMX BemlecTB. Hampumep,
MO>XHO BBIICJIUTh OOIIME CBOWCTBA W OCOOCHHOCTH XHUMHYECKHUX CBOWCTB
OKCHUJIOB CEpbl B pa3HBIX CTEMEHSIX OKUCIEHHUs JaHHOro sjeMeHTta. Cremyer
OTMETHUTb, YTO IMOCTPOEHHWE JauarpaMMmM BeHHa JOCTaTOYHO CIIOXKHO IS
CTYZICHTOB MJIAJIINX KypCOB, JIyHIlle IIPEeAsiaraTb UM MPOAHATU3UPOBATh TOTOBBIC
JMarpaMMel.

Opnnum u3 BUJI0B uH(porpaduku SBIseTCA maimaain (BpeMEHHAs 1IKaJa,
CTpesla BpeMEHH, JieHTa BpeMmeHu). TailmmailH mnpeactaBiaser  coOOU
BEPTUKATIBHYIO W TOPU30HTAIBHYIO JIMHUIO, HA KOTOPOH OTMEUAIOT 110 BPEMEHHU
pa3Hble DSJEMEHThl MH(POPMAIMU B XPOHOJOTHMYECKOW MOCIEA0BATEIILHOCTH.
Crtpeny BpeMEHHU XOpOIIO HCIOJIb30BATh MPU U3YYCHUH UCTOPUH OTKPBITHS U
UCITIOJIb30BAHUS XUMUYECKUX JIEMEHTOB, U3BMEHEHHUH OT/IEJIbHBIX TEOPETHUECKUX
MPE/ICTABICHUI B XUMHUU, HAITPUMED, TTOHSATHUS O BAJICHTHOCTHU U JIP.

B omnuume ot craruyHOro rpaguyeckoro cmnocoda IpencTaBICHUS
UHPOPMAIIUU KOMUKC — 3TO CEpUsl PUCYHKOB C TEKCTaMu, 00pa3yroliasi CBS3HOE
MIOBECTBOBAHME. 3HAKOMSCh C KOMHUKCOM, OOydYarolMecs CieIsT 3a CIOKETOM,
Ha4yaJioM U KOHLIOM UCTOpHH, €€ nepcoHaxaMu. KOMUKCHI TO3BOJISIOT MEPEAATh
CMBICT 4epe3 aKTHMBHOE B3aWMOJCWCTBHE YMUTATENs] C TMHCHbMEHHOM SI3IKOM
M COIOCTaBJICHHBIMHM TOCJIEI0BaTEIbHBIMU H300pakeHusiMu [7]. B kauecTBe
puMepa UCIOJIb30BaHUS KOMHUKCOB TIPH W3YYECHUH XUMHUU MOYKHO TPUBECTH
kHUry [8]. HecMOTpsd Ha TO 4TO AaHHOE W3JAAHUE PACCUUTAHO HA MOMYJISIPHOE
OOBSICHEHHE TpeaMeTa, OTICIbHBIE KOMUKCHI BIIOJHE MOXXKHO HCIIOJIB30BATh
npu OOBSICHEHUWH Y4eOHOro MmaTepuajia Kak B CpeIHed IIKoJie, Tak U B
yUpeKACHUSIX BbICIIeT0 oOpazoBanus. Tak, Hampumep, C MOMOIIBI0 KOMHUKCA
MO>KHO OOBSICHUTB, KaK 00pa3y0TCs MOJIEKYJIbI 1 KAKUMU CBOMCTBAMU 00J1a/1at0T
KOBAJICHTHBIC, MOHHBIC U METAJIINYECKUEe CBA3U [8]. OTprCOBKAa KOMUKCA MOXKET
OBITh W 33JTaHUEM JJISI CTYJICHTOB TIPU U3YyUYEHUHN OTIEIBHBIX BOIIPOCOB.

Crnemyer OTMETUTB, YTO co3aanue wHdorpaduku Bceraa JOHKHO OBITH
HaIpaBJI€HO HAa KOHKPETHYI ayAUTOPUI0O M MpeciefoBaTh ONpeeICHHbIC
oOpa3oBarenbHble 1enu. HanmucaTh TEKCT MM CIUCOK OOBIYHO TOopas3jio Jierde,
JenieBsie u ObICTpee, 4eM MoJ100paTh MaTepual U o0padboTaTh €ro B pa3iMYHbIX
dbopmarax — TekcT, rpaduka, Bujeo, Tabmuupl u T. A. OOmeryaror paboTy
OecmuiaTHble cepBUCHI A co3aanus uHdorpaduku: Canva, Venngage, Easel.ly,
Creately u np. [{nst movcka uaeit M BIOXHOBEHHUS 10 PA3INYHBIM TeMaM XOPOIIO
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MOJIXOINUT colnalibHas ceTh Pinterest. C ee MOMOIBIO MOYKHO CO371aBaTh CBOH
COOCTBEHHBIC KOJUICKIIMM HW300pPKCHUM, COXpaHsas TyJa IMOHPABUBIIUECS
U7, U UCTIOIh30BaTh UX B OYIyIIIEM.

B 3akmouenue HEOOXOIMMO TMOMYEPKHYTh, UYTO HCIOJIb30BaHUE
uHporpaduky TpU H3YYCHUHM XHMHU CIIOCOOCTBYyeT OoJjiee TiIyOOKOMYy
MOHUMAHUIO OTACTHHBIX XWMHUYECKUX KOHIEHINHA, IO3BOJIIET HE TOJIBKO
BU3YaJIM3UPOBATh TPEICTABISIEMBI YUeOHBIN MaTepuan, HO U OpPraHH30BaTh
AKTUBHYIO CaMOCTOSITEIFHYIO paboTy oOyd4arommxcs KaKk B ayJAHTOPHOM,
TaKk ¥ BO BHEAyJAUTOPHOM (hopmare W CIIy)KUT HUCTOYHHKOM OOPAaTHOHM CBS3H
JUTSL TIPETIOIaBATEIIS.
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B. 10. I'YPCKAS4L, C. M. TAHTEJIEEBA
benapycek, ['omens, I'TY umenn ®@pannmcka CKOpUHBI

®OPMHUPOBAHUE ®YHKIIMOHAJIBHON TPAMOTHOCTH
YHAIIIUXCA TP U3YYEHUU XUMHUHA

Co  cTpeMUTENBHBIM  Pa3BUTHEM  TEXHOJIOTHM,  TiioOanu3aiuei
U UHPOPMALMOHHBIM H300UIMEM (PYHKIMOHAIbHAS TPAMOTHOCTh CTAaHOBUTCS
KJIFOYEBOW KOMIIETEHIIMEN, ONTPEAECISIONIEH YCIICIIHOCTD JUYHOCTH B PA3JIUYHBIX
chepax xku3Hu. OHa mnOpeacTaBiIsieT coOOW HE TMPOCTO CYMMY 3HaAHUU,
HO M CHOCOOHOCTh NMPUMEHSATH 3THU 3HAHUS HA MPAKTHKE, OPHUEHTUPOBATHCA
B IOTOKE MH(OPMAILIUU, KPUTUUECKU MBICIIUTh, 3()PEKTUBHO B3aUMOIECTBOBATH
C OKPY’KalOIIMMHU U NMPUHUMATh OOOCHOBAHHBIE pEIIeHHS. B 3TOM KOHTEKcTe
poJib yuuTellsl TpuoOpeTraeT oco0oe 3HayeHue. Yyalluecs €XEIHEBHO
CTAJIKUBAIOTCS C OTPOMHBIM MaCCUBOM MH(OPMAIIUU U3 PA3TTMYHBIX UCTOUYHUKOB,
JTATIeKO HE BCETJla JOCTOBEPHBIX U OOBEKTUBHBIX. dDopmMupoBaHHe yMEHUS
aHAJIM3UPOBaTh, OTOMPATh U KPUTUUYECKU OIICHUBATH MH(OPMAIIUIO CTAHOBUTCS
nepBocTeneHHon 3aqadeid. He ctout 3a0bIBaTh U O COBPEMEHHBIX TPEOOBAHUAX
K BBIIYCKHUKAM IIIKOJ, KOTOPbIE MOAPA3yMEBAlOT HE TOJbBKO OCBOCHHE
MIPEIMETHBIX 3HAHUM, HO U HAJIMYKE THOKUX HAaBBIKOB, MTO3BOJISIONINX aIallTUPO-
BaTbCsI K OBICTPO MEHSIOIIMMCS YCIIOBUSAM PHIHKA TPYJa U COLMATBHOM KU3HU.

Ha nmnepBpii mmaH BBIXOOWUT (PYHKUMOHAJIBHAS TIPAMOTHOCTH —
CIIOCOOHOCTh TMPUMEHSITh TMOJYYCHHBbIE 3HAHUS UM YMEHUS B pealbHBIX
JKU3HEHHBIX CHUTYyalUsIX IS pEelIeHUs MpaKTUYECKUX 3adad. B KOHTEKcTe
XUMHUYECKOTO O0pa30BaHUs 3TO O3HAYAET, YTO YYEHUKU JOJDKHBI HE MPOCTO
3HAaTh, YTO TaKOE€ KHCJIOTa WJIM IIeJ0Yb, a& IMOHUMATh, KaK O3TH BEIECTBa
B3aMMOJICHCTBYIOT, KaK UX 0€30MacHO UCIOJb30BaTh B OBITY, KaK OHU BJIUSIOT
Ha OKPY’KaIOILYIO CPENY U 3I0POBbE YEIOBEKA.

Xumust — 310 (yHAaAMEHTalIbHAs HayKa, W HEJIb3s MPEICTaBUTH cede
COBPEMEHHBIN MUp 0€3 3TOro paszjena 3HaHui. XUMHS UTPAET OTPOMHYIO POJIb
B TEXHOJIOTMYECKOM Pa3BUTHM W MOBBIIICHUH KaueCTBa JKM3HU. TeM HEe MeHee
XUMHUYECKOe 00pa3oBaHME KaK TaKOBOE CTAJIKHMBAETCS C PSJIOM aKTyallbHBIX
po0sIeM, ¥ UX peleHne HeoOX0AUMO JIJIs TIOJITOTOBKH CIICIIMAIMCTOB OyIyIIero
u (GOpMHUPOBAHUSI HAYUYHOTO MHUPOBO33pEHUsS y yuanuxcs. B naHHoi craThbe
aBTOPbI XOTEIN ObI OIETUTHCA COOCTBEHHBIM BUACHUEM IIPOOIIeM 00pa3oBaHus
B 00JacTH XMMHUU U TPEIJIOKUTh MyTH MX peuieHus. OCHOBHOM MpoOaemMoit
ABJIIETCSI OTCYTCTBME COYETAaHUSA KJIACCUYECKUX METOJOB IMPEnoiaBaHus
Y DJIEMEHTOB COBPEMEHHBIX TEXHOJIOTUI 00yUYeHUSI.
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TpanunuonHnoe o0yueHue, KoTopoe GOKyCUpyeTcs Ha 3aydnBaHUM (PaKTOB
u (GopMyI, HE TTOMOTAET COBPEMEHHBIM JIETSM TOHITh XUMUYECKHE TPOIECCHI
U UX pealibHOe MpUMEHEeHUE. MOKHO MPEMJIOKUTh MEPEXo/i K 00yUeHHUIO Yepes
perieHue MpoOJEMHBIX CUTYallMd — HCIOJNb30BaHUE KEWC-METOA0B (TpUMeEp
UCIIOJIb30BaHUsSA: pa3dop Kkeica 00 OTPaBICHUH Memuio8blM CHUPMOM —
APUYUHDL, NOCTeOCMEUs, MePbl NPEOOCMOPONCHOCMU), TIPOCKTOB (cozdanue
npoekma no paspabomke 3KOIOSUYHO2O HUCHSWe20 CPeocmea Olsi 00MA)
U UCCIENOBATEIbCKUX 3aJaHHil, KOTOpPbhIE TO3BOJSIOT YUYEHHKAaM HCKAaTh
pELIEHUs], IPUMEHSSI 3HAHUS XUMUU. MOKHO NMPEMIOKNTh yUAIIUMCS PEIIUTh
NpoOJIEMHYIO CUTYallMIO: U3YyYUTh 3arpsi3HEHUs] BOJbI B OJMDKalllieM BOJOEME
Y TIPEJICTaBUTh Pa3pabOTKy METOJOB €€ OUUCTKH.

Crnenyet He 3a0bIBaTh 00 MHTETPAIUU XUMHUU C IPYTUMU JTUCIUIUTMHAMMU.
AKTyalleH IMOKa3 B3aMMOCBSI3HM XHMMHUHU C OHOJOTHEH, (PHU3UKOM, MaTeMaTHUKOM
M DKOJIOTHEH, YTO MO3BOJSET yYallUMCs BHUACTh XUMHUIO KaK 4YacThb €IMHOU
Hay4yHOW KapTuHbl mupa. Hampumep, npu HM3ydeHUM XUMHYECKOTO COCTaBa
MPOJYKTOB IMMUTAHUS B KOHTEKCTE OMOJIOTHYECKUX MPOLIECCOB B OPraHU3ME BaKHO
MOKA3bIBATh YYAIIUMCS, KaK XMMUYECKUE 3HAHUS MPUMEHSIOTCS B Pa3IMYHBIX
cdepax )KU3HU, HATPUMEDP B MEUIIMHE, MMUIIEBON MTPOMBIIUICHHOCTH, CETHCKOM
XO35UCTBE M JApyrux. MOXHO 0O0CYyXJaThb XHMHUYECKHI COCTaB IMPOIYKTOB
MUTaHUs, JIEKApCTB, KOCMETHKH, OBITOBOM XUMHUU M JPYTUX MPEIMETOB,
C KOTOPBIMH yYalllUeCcs CTAIKUBAIOTCA B TOBCEIHEBHOM Kn3HU. Ha ypoke MOXHO
NPEIVIOKUATh aHAJIU3 COCTaBa JSHEPreTUYECKUX HAMUTKOB W HMX BIHUSHUA
Ha 370poBbe. COBPEMEHHBIX YYAIIMXCS OYEHb IPHUBIIEKAET HCIOJb30BAHUE
BUPTYJIbHBIX J1A0OpAaTOpUi M OHJIANMH-CHUMYJISITOPOB, 4YTO MPEIOCTABISET
BO3MOXXHOCTh TPOBOAUTH SKCIEPUMEHTHI B BUPTYaJIbHON cpele Jaxe MNpu
OTCYTCTBUU HEOOXOAUMOro o0opyaoBaHus B 1mikoJie. CylIecTBYeT MHOXXECTBO
Kaue€CTBEHHBIX OHJIAWH-PECYPCOB, KOTOPBIE MOMKHO HUCTIOJIB30BATh JIJIS 3TUX LEIEH.

[lenarory HyXHO y4uTbh JeTeH aHAIW3UPOBaTh MH(OPMAIIUIO, OTINYAThH
(dbakThl OT MHEHMH, BBISBIATH NPUUYUHHO-CIICJICTBEHHBIC CBSI3M, OLICHUBATH
JIOCTOBEPHOCTh HCTOYHUKOB HMH(pOpManuu u (HopMyIupoBaTh COOCTBEHHBIC
BBIBOJIbI. MOKHO NPEIOKUTh YUallUMCS POAHAIU3UPOBATH PEKIAMHBINA POJIUK
OBITOBOM XHMHHM C 1IE€TBI0 BBISIBJICHUS MAHUIYJSIUA U HEIOCTOBEPHOU
uHdopmaruu. MHOTHE yJalmecsi CYHUTAIOT XUMHIO CII0OKHOM U CKYYHOU HAYKOM,
HE TOHMMAas €€ NPAKTUYECKON 3HAYUMOCTU. JTO MPUBOJHUT K CHHKECHUIO
MOTHBAIMA K OOYYEHHI0O M HETAaTUBHOMY OTHOIIEHHWIO K mpenmery. Cremayer
BCETJIa OCYIIECTBIIATh MOKa3 MPAKTUYECKON 3HAYUMOCTH XUMHH, JEMOHCTPUPYSI
CBSI3U XUMHH C IOBCETHEBHOMN JKU3HBIO, TEXHOJIOTUSIMH, METUIIMHON U APYTUMU
00J1aCTSIMU, KOTOPbIE MHTEPECHBI YUalTUMCSI, HAIPUMEP 00CYK1aTh XUMHUUECKHE
MIPOIIECCHI, JICKAIIUE B OCHOBE PabOThl MOOUJIbHBIX TEJIE(POHOB WU KOCMETH-
YECKHUX CPEACTB, BHEAPSITH B YUCOHBIN MPOIECC UTPhI, BAKTOPUHBI U KOHKYPCHI,
KOTOPBIE MO3BOJISIOT YUalIUMCSl YCBauBaTh MaTepuai B yBJIEKATEIbHOU (opme.
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[Ipy wu3yyeHHH XUMUU HEOOXOIWMO OCYUIECTBIATH CTHUMYJIHPOBAHHUE
yydalmxcs K yriayOJIeHHOMY U3yYEeHUI0 XUMUU U PA3BUTHIO UCCIIEOBATELCKUX
HABBIKOB; TMpPHUBJICKaTh OOyYAIOIIMXCS K OJNMMIIMAAaM U  KOHKypcaw;
MPENIOCTABIATh YYaIlUMCS BO3MOXHOCTh YBHUJETh, KaK XUMHUSI MPUMEHSETCA
Ha TMPAKTUKE, U BO3MOKHOCTb MOOOIIATHCS ¢ MPOdeCcCHOHATBHBIMU XUMUKAMH.
C uenbio pa3BUTUs MPOPECCUOHAIBHBIX KOMIETEHIIMI aKTyalbHO Mpejiarath
yYaIluMcst SKCKYpCUHU Ha MPEANPUSITHUS U B HAYUHBIE YUPEKACHUS, YTO TO3BOIUT
UM pacCUIMPUTh KPYro30p XHMHUYECKHX AaCIEKTOB B IMPOMBIILICHHOCTH
U CEJIbCKOM XO3SIICTBE.

Tpagurmonueie  ¢GopMbl  KOHTPOIS (TECThl, KOHTPOJBHBIE pPabOOTHI)
HE BCerja MO3BOJIAIOT OIEHUTh YPOBEHb MOHUMAaHHS NpEAMETa U YyMEHHE
OPUMEHATh 3HaHUs Ha mpakTuke. CylecTBYIOT albTepHATUBHBIE (HOPMBI
OLIGHKH — OIICHKa MPOEKTOB, MCCIEA0BAaTENbCKUX padOT, MpEe3eHTAIH,
nopThoIM0 W JIPYTHUX BUAOB JACATEIBHOCTH, KOTOPHIE MO3BOJIAIOT YUYaIIUMCS
IPOJAEMOHCTPUPOBATh CBOM 3HAHUS M HABBIKM B 00Jiee IMIMPOKOM KOHTEKCTE.
HeoOxomumo BBeCTH YETKHME KPHUTEPHUH OIEHKHA I KaXJAO0ro BUAA
JESTEIIbHOCTH, KOTOPBIE MO3BOJIAT yUAIIUMCS IOHUMATh, YTO OT HUX OXKUAAETCS,
U OOBEKTUBHO OIICHUBATh CBOIO PalboTy.

Pemenue akTyanbHbIX MpPOOJEM XUMHUYECKOrO oOpa3oBaHMsl TpeOyeT
KOMIUIEKCHOT'O MOJIX0/a, BKJIIOYAIOIIEr0 OOHOBJIEHUE COJEP)KAaHUS U METOAMK
oOyueHusi, yIJydllleHHe MaTepualbHO-TEXHUYECKOM  0a3bl, IOBBILICHUE
KBaJIM(UKALIMK NEJaroroB U CTUMYJIMPOBAaHUE MHTEpEcAa yYaluXcs K XUMUHU.
Tonpko B 3TOM cilydae Mbl CMOXEM IOATOTOBUTH OYIYyIIUX CIELUATHCTOB,
CIIOCOOHBIX peIIaTh CIOXKHBIE 3a7a4d W pPa3BUBAaTh XHUMHUYECKYIO HAyKy
U TPOMBINIJICHHOCTh, a Takke CGHOpPMUPOBATh Y YyUAIMXCAd HAy4HOE
MUPOBO33pEHUE U IOHUMaHKUE BAXKHOCTH XUMHH ISl COBPEMEHHOTO MUPA.

dopmupoBaHue (PYHKIIMOHATHHON TPAMOTHOCTH Ha YPOKaX XWMHUHU — ITO
HE MPOCTO MOMAHBIA TPEeHN, a HacyllHas HEOOXOAMMOCTh, MPOIMKTOBAHHAS
COBPEMEHHBIMH BbI30BAMH M TpeOoBaHUsMU. Toabpko 00naaas GyHKIMOHATBHON
I'PaMOTHOCTBIO, BBIITYCKHUKH IIKOJI CMOTYT YCIIELUIHO aanTUPOBAaThCs K OBICTPO
MEHSIOLEMYCS MUPY, NPUHUMATh OCO3HAHHBIE PEILIEHUS, PEIlaTh CIIOKHbIE
npo6sieMbl ¥ BHOCUTH BKJIaJ B pa3BUTHE OOILIECTBA. 3ajaya YUUTENIs XUMUU —
HE MPOCTO TMepeAaBaTh 3HaHUSA, a CO3/AaBaTh YCIOBUS Uil (HOPMUPOBAHMS
y Yy4alUXCsi yMEHUs TMPUMEHATh OJTH 3HAHMUS Ha TMPaKTUKE, pPa3BUBATH
UX KPUTUYECKOE MBIIUIEHNUE U TOTOBUTH K YCIIEITHOM XKU3HU B HHPOPMAIIIOHHOM
obmectBe. WHTerpamusi >THX TMOAXOJ0B B 00pa3oBaTeNbHBIM MpoIece
HE TOJBKO TMOBBICUT HWHTEpEC K MpPEeIMEeTy, HO U TOJATOTOBUT YYaIIUXCS
K peaJbHBIM XU3HEHHBIM BBI30BaM, TJI€ 3HAHUS XHUMHH CTaHOBSTCS HE MPOCTO
TEOpHeH, a UHCTPYMEHTOM JJIsl PEIICHUS TIPAKTUUECKUX 3a/1a4.

K coaep:kanuio
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OPI'AHU3ALIUA HAYUYHO-UCCJEIOBATEJIBCKOM PABOTHI
YHAIIUXCA 11O XUMHUHA B YUPEXKAEHUAX OBIIETO
CPEJHEI'O OBPA30OBAHUA

AKTYyaJbHOCTD. B yupexaeHusx o01ero cpeHero oopa3oBaHus HayqHo-
ucclieIoBaTeNbeckas padboTa yqaluxcsi urpaeT BaXXHYIO POJib B 00pa30BaTEIIbHOM
mporecce,  CIOCOOCTBYET  pPa3BUTUIO  JMYHOCTH W (POPMHUPOBAHUIO
npo¢eCCUOHANIBHBIX HAaBBIKOB, CIIOCOOCTBYET BHECEHHMIO BKJaJa B Pa3BUTHE
HAyKU U PEIICHUE aKTyaJbHbIX MTPOOJIEM OKPYKAIOIIEH CPEIbI.

[IpoBeneHre  Hay4yHO-UCCIEAOBATEILCKOM  pabOTBl MO  XUMHUH
CIIOCOOCTBYET PA3BUTHIO Y YUAIIUXCA CAMOCTOATEIIBHOCTH U OTBETCTBEHHOCTH,
MPAKTUYECKUX HAaBBIKOB, KPUTHYECKOTO MbINUICHUA. Kpome TOoro, HaydHbIe
HCCIICIOBAaHUSI TIOMOTAIOT YYaIlUMCS OCO3HATh BaXKHOCThH 3aIlUTHl M OXPaHbI
OKpY’Karolel cpelibl, MOTUBUPYIOT YydYaIllUXCs JejaTh Hay4dHbIe OTKPBITHS,
peliaTh 3KoJIOrudeckue npoodiaemsl [1].

Heap uccienoBanusi — pa3padoTaTh METOAUKY OpraHHU3alldd HAy4YHO-
HCCIIeIOBATENIbCKOM padOThl yYalUXCs B YUPEKISHUSIX OOIIEro CPEeaHEro
00pa3oBaHuUs IO ONPEACICHUIO JKECTKOCTH ITUTHEBOM BOJIBI.

Marepuajbl 1 MeTObI UCCJIEI0BAHUA: aHAIIM3 HAYYHO-METOIMUECKOMN
JUTEpaTypbl, CpPaBHEHHUE MATEPUAJIOB MKCCJIEJAOBaHUS, MHUThEBas BoOJAA
(noc. benosexckuii, r. Bricokoe, ar.Psacna, a.O6epoBmmHa Kamenerkoro
paiioHa).

Pe3yabTaTrhl HccienoBanusi. HaydHo-uccienoBarenbckas padbota —
JeATeIIbHOCTh, KOTOpasi HaIlpaBJjieHa Ha U3y4eHue 00bEKTa, MPOIEeCcca U SIBJICHUS
BCECTOPOHHE, a TaKXXe pacCMOTPEHHE CTPYKTYpbl W CBS3CH, IOJy4YeHHUE
Y BHEJIPCHHE B IIPAKTHUKY TOJIC3HBIX JIJIS YEITOBEUYECTBA PE3YJIbTATOB.

OcHoBHas 11eJIb HAYYHO-HUCCIISI0BATEILCKON PaObOTHI — MOTYyUYCHHE HOBBIX
3HAHUW M YriIyOJieHHEe HWMEIOIIUXCS 3HaHWUW, pa3BUTHE NPO(EcCHOHATBHBIX
HaBBIKOB, ((POPMHUPOBAHNE HAYYHOTO MUPOBO33PEHHUS YUAITUXCSI.

JInst opraHu3any B yUPEKACHHUSX OOIIEro CpemHero oOpa3oBaHUS
HAay4YHO-MCCJICIOBATEIbCKOM pabOThl ydYalIUMXCsl MO0 M3YYEHUIO KECTKOCTH
MUTHEBOM BOJIBI HEOOXOAMMO 3HATh CJICIYIOIINE OCHOBHBIC IIary €€ peasli3alliu:

1. Onpenenenue TeMbl UCCIIEA0BaHUs, TOCTAHOBKA 1IE€JTM U 3a/1a4.

2. Pa3paboTka miiaHa npoBeeHUs UCCIICIOBAHMUS.

3. [logbop METONMKM TIPOBEACHHS XHMHYECKOTO  DKCIICPUMEHTA,
MOATOTOBKA XMMHUYECKOT0 000PY/10BaHUS U PEAKTUBOB.
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4. OBnajieHue METOIUKHU MPOBEICHUSI XUMUYECKOTO IKCIIEPUMEHTA ITyTEM
MPOBEICHUS HUCCIEIOBAHUS.

5. OdgopmieHne HaydHOTO  HWCCICAOBAHMS, a TaKXE BBIBOJOB
0 pe3yJibTaTaM HUCCIIECIOBAHMUS.

6. [IpeacraBinenrie  pe3yibTaTOB  HCCIEHOBAaHUS  HA  KOHKypcCe
WM KOH(PEPEHIIMHN SKOJIOTMYECKOr0 WM XMMUYECKOTO HanpaBieHus [2].

HayuHo-uccnenoBarenbckas padoTa yyanuxcs 1o U3y4eHHUIO KECTKOCTU
MATHEBOM BOJABI BKJIIOYAET B CBOK CTPYKTYpPY CIEAYIOUIME PAa3HOBUIHOCTH
UCCIICJOBAHUS:

1. TeopeTuko-uHMOPMAIIMOHHBIE HUCCIEAOBAHUS — Yy4allldecs MPOBOAST
aHaJIU3 U CUCTEMATU3ALUIO HAYYHOU JINTEPATYPHI IO TeME «KEeCTKOCTh MUTHEBOU
BOJIbI. [lyTH yMeHBIIEHUS >KECTKOCTH MHUTHEBOM BOJBI», U3YYalOT METOAUKY
MIPOBEICHUS XUMUYECKOTO SKCIIEPUMEHTA.

2. DKCIIEPUMEHTAIBHO-UCCIEAOBATEIIbCKAs JIEATCIbHOCTh — YyYaIuecs
MPOBOAAT XUMUYECKHUI IKCIIEPUMEHT B JJaOOpATOPUU MO U3YUYEHUIO KECTKOCTU
MATHEBOM BOABI — KOMIUIEKCOHOMETPUYECKOE TUTPOBAHUE, AHAIU3ZUPYIOT
pe3ynbTathl ucciueaoBanus [1].

[IpoBeneHne HAy4YHO-HCCIENOBATEIBCKON pabOThl 1O  HU3YyYECHHIO
JKECTKOCTU  TUTHEBOM  BOABI  TpeOyeT TPUMEHEHUss  pa3HOOOpa3HbIX
MEeJJarOrMYeCKUX METOJI0B, KOTOPbI€ CIHOCOOCTBYIOT Pa3BUTHUIO MPAKTHUECKUX
HABBIKOB, MIOMOTAIOT YIUIyOUTh 3HAHUS U MOTUBUPYIOT K MPOBECHUIO HAYUHBIX
uccienoBanuii. KiroueBpIMH Me1arorudeCKUMH METOJIaMU O0YUYEHUS SBIISIFOTCS:
npobnemHoe 00OyYeHue, KOTOPOE CIOCOOCTBYET Pa3BUTHIO KPUTHYECKOTO
MBIIIUICHUS] Y YUYalIUXCs U TBOPYECKOr0 Mojxoja (Mmepel yJaliuMucs CTaBUTCS
Hay4yHas mpoOiemMa — >KECTKOCTh MUThEBOW BOJBI; ydalluecs pa3padaThIBaiOT
TUIIOTE3bl €€ BO3HUKHOBEHMS, HM3Y4YalOT METOJIbl TOHWKEHUS KECTKOCTH
MATHEBOW BOJABI, MPOBOMIT XUMHUYECKHM DKCHEPUMEHT M TOABOISAT HTOTH
MIPOBEICHHON PadOThl); MO320680U Wimypm TIPUMEHSETCS B Hayajae MPOBEICHUS
Hay4YHO-HMCCJICIOBATEILCKONM Pa0OThl MO U3YYEHHUIO KECTKOCTH MUTHEBOU BOIBI
(yuaruecs BbIIBUTAIOT TUTIOTE3bI U UJIEH, pa3paboTaHHBIE B IPYIIIE, MPEJIaraioT
BO3MOYKHBI€ IIYTH PELICHUS INOCTABJIEHHBIX MEPE] HUMH 337ay M0 PELICHUIO
POOJIEMBI )KECTKOCTH MUTHEBOU BOIbI). [IprMeHeHNE Te1arornueckiux MeTo0B
OoOy4eHHs] TpU TPOBEICHUU HAYYHO-UCCIIEAOBATEIBLCKUX pPabOT yualmxcs
[0 XMMHUU TIOMOTaeT Pa3BUBATh Y Y4YAIIMXCS HABBIKKU KPEATUBHOIO IMOJX0Ja
K PEIICHUIO 3a/Ja4, KPUTHYECKOTO MBIIUICHUS, CHOCOOCTBYET YTIIyOJICHHUIO
3HaHUM 10 BHIOPAHHOM HCCIIeA0BATEILCKOM TeMe — « KeCTKOCTb MUTHEBOU BOJIBI.
Iyt yMEHBILIEHUS )KECTKOCTH TUTHEBOU BOJIBDY.

N3yyas neparorunyeckue MeTo bl 00yUEeHUS, MOKHO BBIJICTTUTH HEKOTOPHIC
GbopMBI HAYUHO-UCCIEIOBATENbCKON pabOThl yyalllUXCs IO MPUMEHEHUIO
MeJarOrMYeCKUX METOI0B 00YUCHHMS: MHAUBUIyaIbHbIE UCCIIEIOBAHNUS, KOTOPHIC
CIIOCOOCTBYIOT Pa3BUTHUIO AHAJTUTUYECKUX HABBIKOB YYaIllUXCs; TPYIIOBBIC
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UCCIICIOBaHMsSI,  PAa3BUBAIOIIME  MPAKTUYECKHE  HABBIKM, HEOOXOIUMBIE
JUJISL TPOBEJICHUS SKCIIEPUMEHTAIBHOTO uccaeaoBanus [1].

JUisi mpoBeNeHUsT Hay4YHO-HUCCIEAOBATELCKOW padOThl MO HM3YyYECHHIO
KECTKOCTH TUTHEBOW  BOJABI, TPOBEACHHUS  KOMILJICKCOHOMETPUUYECKOTO
TUTPOBAaHUS MOTYT OBITh 3aJCHCTBOBAaHBI: IIKOJBHBIM KAaOWMHET XHMHUH,
mabopartopuss ~ YHUBEPCHTETa,  HAyYHO-HCCIEAOBATEIbCKUE  WHCTHTYTHI,
1a00paToOpur IPOU3BOJICTB, TICTHHE IITKOJIBI.

BoiBoabl. 1. HayuHo-uccnenoBarenbckas padora obecrneunBaeT 3ddek-
THUBHOE MPOBE/ICHNE UCCIICIOBAHUN U TIOCTIKEHNE 00Pa30BaTEeIbHBIX IICIICH.

2. HayuHo-uccnemoBatenbckass ~ paboTa  ydammxcss  CIIOCOOCTBYET
yrayOJdeHuI0 3HAHUM B OINpEeNeNeHHOW TeMe, a TakKe BCECTOPOHHEMY
TEOPETUYECKOMY Pa3BUTHIO YUAIIUXCS.

3. Hayuno-uccnenoBarenbckass ~ paboTra  CIOCOOCTBYeT — Pa3BHTHIO
KPUTHYECKOTO MBIIIJICHUS, POPMUPOBAHUIO HHTEPECA M HABBIKOB, HEOOXOTUMBIX
JJIsl yCIIENTHOM yueOHOM U Tpo(eCCUOHATIBHON JIEATEIbHOCTH.
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KOHCTPYKIIMH, HKCIUIyaTUPYEMBIX B OCOOBIX YCIOBHUSIX TIPU BO3JICUCTBUU
arpeccuBHbIX cpen [1]. Kpome 3Toro, cieayer y4yuThIBaTh, YTO B IOCJIEIHUE
roipl B JIEWCTBHE BBEACHO HECKOJIBKO HOBBIX OCHOBOIOJIAraroLIUX
roCyJapCTBEHHBIX CTAHJIAPTOB, PEIVIAMEHTUPYIOIIUX TEXHUYECKUE TPeOOBaHUS
K OOIIECTPOUTEIbHBIM U CIEIHAIBHBIM LIEMEHTaM, a TaKKe METOJIbl OICHKU
UX KadectBa. MX colepkaHuWE CYIIECTBEHHO OTJIMYAeTCs OT paHee
JEMCTBOBABIINX HOPMATUBHO-TEXHUYECKUX JIOKYMEHTOB U B HACTOSIIEE BpEMs
€llle HEeJOCTATOYHO OTPAKEHO B YUEOHOW JUTEpaType U Ha oOpa30oBaTENIbHBIX
pecypcax cetu UHTepHET.

Ha npenmecTByronmmx JIEKIMOHHBIX U JIAOOPATOPHBIX  3aHATHUSAX
IPEnoAaBaTeNio  HeoOXoauMO CGHOPMHUPOBATH y CTYIAEHTOB IPEACTABICHUE
O Ha3HAYEHUH, TEXHOJOTUU MOJYUYEHHUs, BEIIECTBEHHOM COCTABE U CTaIUAX
TBEpACHUS MOpPTIAaHAUEMEHTa. [Ipu 3TOM BaXHO PACKPBITH POJIb KaxKIOrO
KJIIMHKEPHOTO MHUHEpala NOpTIaHAlEeMEHTa B (OPMUPOBAHUU MPOYHOIO
U JI0JITOBEYHOI'0 UCKYCCTBEHHOIO KAMHEBHUIHOTO MaTepuaia. CienyeTr NpruBeCcTH
KJIacCU(UKAIMIO BUIOB KOPPO3UHM IIEMEHTHOro kKamHs 1no B. M. MockBuny,
OOBSCHUTH BUJbI BHEIIHUX arpeCCHUBHBIX BO3JCHCTBUN M PACKPBHITh BIUSHUE
MHHEPAIIOTMYECKOr0 COCTaBa MOPTIAHILUEMEHTHOTO KIWHKEpAa M aKTHUBHBIX
MUHEpaJIbHBIX JOOABOK Ha CTOMKOCTh OE€TOHA B arpeccHMBHBIX cpemax [2; 3].
Onenky cGhOpPMHUPOBAHHOCTH TIOJYYEHHBIX OOYYaIOIMMUCS 3HAHUM M HX
TOTOBHOCTM K H3YYEHHMIO HOBOTO CIIO)KHOTO MaTepuaia LeJIecooOpa3Ho
OCYIIECTBUTh IPOBEIECHUEM COOTBETCTBYIOIIEH KOHTPOJBHOM pabdoThl WM
TECTHUPOBAHMSI.

OngHuM U3 CleUMaIbHBIX BUAOB LIEMEHTOB SBIISIETCS CYJIb(ATOCTOMKHIMA
MOPTJIAH/IIEMEHT,  BBIMIYCKaeMbIi B  COOTBETCTBHMM €  TpeOOBaHUSMHU
I'OCT 22266-2013 [4]. IIpu u3n0oXKeHUU HTOM TEeMbl HEOOXOAMMO OOpaTUTH
BHUMAaHHE CTYJIEHTOB Ha TO, YTO TNpPHUMEHEHHME OETOHOB Ha OCHOBE
CyJIb()aTOCTOMKUX LIEMEHTOB SIBISIETCS OJHOM M3 TJaBHBIX Mep MNEPBUYHOU
3alUTHl CTPOUTENBHBIX KOHCTPYKIMI OT KOPPO3HH, OOECIeUMBAIOLIEH UX
CTOMKOCTh IMpPU DBKCIUTyaTalldd B CpEeax, AarpecCUBHBIX IO COAECPKAHUIO
cynbdatoB. PacTBopbl Cynb(aTHBIX COJIEM YacTO colepKaTcsi B MOPCKHX,
ITPYHTOBBIX M JPYTMX MHUHEPAIU30BaHHBIX BoAax. WX XHWMHUYECKOE B3auMO-
JIEUCTBUE C KOMIIOHEHTAMU IIEMEHTHOTO KaMHS TMPHUBOJAUT K OOpa30BaHUIO
CO€JIMHEHUI, 3aHUMAIOIIUX OOJIBIITUI 00bEM, YEM UCXOIHBIC TPOIYKTHI PEAKIIUH.
DTO BBI3BIBACT TMOSBJICHHE B OETOHE BHYTPEHHUX HANPSDKCHUHM U €0
pacTpecKMBaHUE. YKa3aHHBIE IPOIIECCH HA3BIBAIOT KOPPO3UEW LEMEHTHOTO
KaMHsSI TPEThEro BUJA, B KOTOPOM MOXXHO BBIIEIMTH JIBa 3Tama: CyJb(aTHYIO
(TUMCcoBy0) U cyJbhoaTIOMHUHATHYIO KOppO3uu [5].

CynbdaTHas xkoppo3usi 00yClIOBJI€Ha KPUCTAUIU3AIMOHHBIM JIaBJICHUEM
KpPUCTAJUIOB JIBYBOJHOTO THIICA, 0Opa3yIOIMUXCA B MOpPAaX IIEMEHTHOTO KaMHS
B pe3yjbTaTe OOMEHHBIX peakiui Mexay ruapokcuaoMm kaimbius Ca(OH);
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u cynbparamu, Hanpumep cyibbharom marams MgSO.. [mapoxcun kambims
oOpa3yercss B pe3ysibTare THApATallid W THAPOJU3a TJIABHOTO KIWHKEPHOTO
MUHEpala MOPTIAHALIEMEHTa — TPEXKAJIBIMEBOTO CHIIMKATa (aJluTa):

3Ca0 - SiO, +nH,0 = 2Ca0 - Si0, - (n—1)H,0 + Ca(OH),.

Conepxanne 3CaO-SiO, (C3S) B TNOPTIAHALEMEHTHOM KIHMHKEPE
coctaBisier 40—60 %. CoorBercTBeHHO KoiaM4yecTtBO Ca(OH); B 1IEMEHTHOM
KaMHe dyepe3 3 Mmecsia TBepaeHus coctaBisieT 10—15 % (B mepecuere Ha CaO),
a ero pacTBOPUMOCTb B BOJIE TMpPHU OOBIYHOW TeMIepaTrype paBHA MPUMEPHO
1,3 r/n [5]. B3aumopneicTBHe THIPOKCHAA KaJlbLHS C CylIb(aTOM MarHus
arpeccUBHOMN CpeJibl MPUBOIUT K 00pa30BaHUIO IBYBOJAHOIO THIICA:

Ca(OH), + MgSO, + 2H,0 = CaSO, - 2H,0 + Mg(OH),.

KpI/ICTaJIJII/BaL[I/I}I rurnca B IIOpax MOEMCHTHOIO KaMHA IIPOUCXOJUT
C YBCIIMYCHHUCM O6’beMa, 4TO YK€ MOKCT IIPUBCCTHU K PACTPCCKHUBAHUIO OCTOHHBIX
KOHCTPYKHHﬁ, HO 3TOT HIpPOoLCCC SABJECTCA TOJIBKO IICPBBIM 3TAIlIOM KOPPO3HUHU
OCMCHTHOI'O KaMHA TpCTbETO BHA. B I[EUILHGﬁIHGM ITuric pearupyecr
C 'maApOoaJtOMUHATOM KaJbIUA HEMCHTHOT'O KaMHA, ABJIAIOIIMMCS IMPOAYKTOM
rupaparaiquu  Cmc OJHOI'0 KIIMHKCPHOI'O MHHCpAIa — TPCXKAJIBIOHCBOI'O
AJIIOMHHAaTa.

3Ca0 - Al,O, +6H,0 =3Ca0 - Al,0, -6H,0.

Conepxanne 3Ca0-Al,03 (C3A) B MOPTIAHALIEMEHTHOM KJIMHKEPE MOXKET
cocraBisaTh 3—15 %. B3amMmonelicTBue TrUIca C THAPOATIOMUHATOM KaJIbITHSI
IPUBOJUT K OOpA30BaHUIO B MOpax I[IEMEHTHOTO KaMHS MajopacTBOPUMOTO
TPEXCyb()aTHOTO TUAPOCYITH(OATIOMHHATA KaTBIUS (STTPUHTHUTA):

3Ca0 - Al,O; - 6H,0 +3(CaS0, - 2H,0) + (19...20)H,0 =
=3Ca0 - Al 0, -3CaS0, - (31...32)H,0.

OGpa3zoBaHue OTTPUHTUTA COMPOBOXKIACTCS yBEIMYCHUEM O00beMa
TBepaoi a3l MpUMEpPHO B JIBa pasza. Pa3BuBaromieecss B mopax IIEMEHTHOTO
KaMH$ KPUCTAJUTM3AIIMOHHOE IaBJICHUE MPUBOIUT K PACTPECKUBAHUIO 3aIIUTHOTO
ciosi Oetona. Bcenen 3a 3TUM TPOUCXOMUT KOPPO3HS CTAIBHOW apMaTyphl,
YCUJIEHHWE pacTpEeCKuBaHUs OETOHA M pa3pylleHHe KOHCTPYKUUH. BenenctBue
pa3pylIarolIero JACHCTBUS Ha IEMEHTHBbIM KaMEHb M BHEIIHEE CXOJCTBO
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KPUCTAJJIOB JTTPUHTUTA (B BHUAE O€NBIX WIJI) C HEKOTOPHIMU OaKTEpHSIMH
€ro HMHOTJA Ha3bIBAIOT «IEMEHTHOM Oaunuiuion» u  «Oemoil  cMepThio
oerona» [2; 5]. Kpome »5TOro, HEOOXOOUMO OTMETHTh, 4YTO CTPYKTypa
TUAPOATIOMUHATA KaJlbLIUSl XapaKTEPU3YeTCs TMOBBIINICHHOW MOPUCTOCTHIO,
9TO OOYCIOBIMBAET TOBBIIICHHE TMPOHUIIAEMOCTH M CHIDKEHHE MOpPO30-
CTOMKOCTH OeToHa [6].

Takum o00pa3zom, omHcaHWE BBIIIEH3NIOKEHHBIX TPOIECCOB JIOJKHO
OMOYb TPENOJIaBaTeNt0 OOBSICHUTh CTYJEHTaM, YTO MOBBIIIEHUE CTOUKOCTH
0eToHa K CyIb(pOaTIOMUHATHON KOPPO3UU MOXKHO JJOCTUYH 32 CUET YMEHBIICHHS
CoJlepKaHUsl B IIEMEHTHOM KaMHE MHHEPAJIOB, CIOCOOHBIX K XHUMHYECKOMY
B3aMMOJICHCTBUIO C arpeCCHUBHOM CPENOM, M MPEXKIE BCETO TPEXKAIBLUEBOIO
almoMuHaTa. JTo TmoliokeHue JexuT B ocHoBe ['OCT 22266-2013
Ha CyJIb(paTOCTOMKUE LIEMEHTbI M HAXOAUT CBOE OTPaKEHUE B TOM, YTO
UX TMPOU3BOJAT HA OCHOBE MOPTIAHIAUEMEHTHOTO KIMHKEPa HOPMHUPOBAHHOIO
MUHEPAJIOru4eckoro cocrasa [7]. HopMupoBaHue MUHEPAJIOrMYECKOTO0 COCTaBa
KJIMHKEpa B JTAHHOM CIIy4ae 3aKJII04aeTcsd B OIPAHUYEHUU COJEPKAHUS B €ro
coctae C3A, HO 3aBUCHUT OT THUIA LIEMEHTa IO BELIECTBEHHOMY COCTaBy.
B knuHKepe cyib(aTocToMKOro nmopriaHaleMeHTa 0e3 MUHEpalIbHbIX J00ABOK
(IEM I CC) conepsxanne C3A He JOIKHO MPeBbIMATh 3,5 %, CynbpaToCTORKOTO
nopTiaaHAneMenTa ¢ MuHepaabHbIMH gob6aBkamu (IIEM II CC) — 5,0 %,
a B KIMHKepe cyibdaToctoiikoro nuiakonopmianaunementa (LIEM III CC) —
7,0 %. IIpu stom B knmHkepe nemenrta tumna LIEM III CC ponmomHuTEnsHO
HOPMHUPYIOT  CyMMapHO€  COJEpXKaHUE€  TPEXKAJIbLHEBOIO  aJOMHHATA
U yeThIpexkanbiueBoro amomodepputa — (CsA + C,AF) < 22 %. Tlocnennee
OrpaHUYEHHE OOYCJOBJIEHO TEM, YTO B pe3ysbTaTe I'MApaTallid U TUAPOJIN3A
C4AF Taxoke Mmoay4aroTcs THIPOATFOMUHATHI KaIbITUs, CTOCOOHBIE 00pa30BHIBAThH
STTPUHTUT IPU B3aUMOAECHCTBUU C TUIICOM.

Cnenyer OOBSCHUTH CTyAEHTaM, 4YTO BO3MOMKHOCTb YBEIWYEHUS
COJIep KaHUsl ATIOMUHATHBIX MHHEPAJIOB B KIHUHKEPE MJs CyJb(aTOCTOHKOTrO
LIEMEHTa C MHUHEpPaJbHBIMU  J1I00aBKaMM U UId  CYJb(PaTOCTOMKOIrO
[UJIAKONOPTJIaHAEMEHTa OOYCIIOBJIEHA, C OJHOH CTOPOHBI, €r0 MEHBIINM
KOJMYECTBOM B BEIIECTBEHHOM COCTaB€ JSTUX LIEMEHTOB, a C JAPYrod —
CIIOCOOHOCTBHIO HEKOTOPBIX AaKTUBHBIX MHHEPAIBHBIX JO0OABOK CBS3bIBAThH
THJIPOKCH]T KaJbLMsI B TPYAHOPACTBOPUMBIE COSAMHEHHUS. DTON CIIOCOOHOCTHIO,
Ha3bIBA€MOW  MYIIOJAHUYECKUMHM  CBOWMCTBAMH, OO0JaJal0T  MaTepHualbl,
COCTOSIIIIME TPEUMYILECTBEHHO W3 PEaKIMOHHOCIOCOOHBIX OKCHIOB KPEMHHUSI
SiO; wu amomuaus AlO;.  [lymmonanuveckne CBOWCTBA — XapaKTEPHBI
JUISL TOPHBIX TIOPOJ BYJKAHUYECKOTO (METUibl, memM3bl, Ty(psl W 1p.) WM
OCaJIOYHOr0 (AMATOMMTBI, TPEIENbl, OMOKH M JIp.) MPOUCXOXKICHMS. Takxke
UMHU 00J1aJJal0T HEKOTOpbIe MCKYCCTBEHHBIE MaTepuaibl — MHKPOKPEMHE3EM,
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[JIMEXK, 30JIbI-yHOca M mp. OQHAKO B 3aKIIOYEHUE HM3JI0KEHUS JAHHOW TEMBI
IPENOAABATEN0 BAXKHO NOJYEPKHYTh, 4YTO OETOH Ha OCHOBE LIEMEHTa
tuna [IEM I CC, xpome BBICOKOH KOPpPO3MOHHOW CTOMKOCTH, KAaK IPABHIIO,
JIOTIOJIHUTENBHO  00JIaZJa€T TIOBBIIIEHHOM MOPO30CTOMKOCTBIO U HHM3KOM
nponunaemocteio. C  yBenuueHuem ke kommuectBa C3A B KIMHKepe
1 MUHEPAIBHBIX I00aBOK B BEIIECTBEHHOM cocTaBe 1emeHToB Ttumna [IEM II CC
u ocobenno LIEM III CC atu cBoiicTBa 6€TOHA CYIIECTBEHHO yXyAIIAIOTCS.
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N. B. KOBAJIEBA, O. B. IOAAYBHASA
benapyce, ['opku, BI'CXA

MNPAKTUKO-OPUEHTUPOBAHHBIN BEKTOP U3YUEHUS
BUOJIOTMYECKON XUMUU CTYJTEHTAMHU
CIHHEIIUAJIBHOCTH «ITPOU3BOACTBO ITPOAYKIINHU
AKNUBOTHOI'O NPOUCXOKIEHU S

OpueHTarus BbICIICH IIKOJIBI HA KOMIETEHTHOCTHYIO MOJIEeNhb podeccuo-
HaJbHOM MOATOTOBKH OOYCJIOBJIIEHa KAaue€CTBEHHBIMU NPEOOpa3oBaHUSIMHU
XapakTepa U CoAepkKaHus TpyAa, YTO HHULHUUPYET U3MEHEHUE POJIH MPAKTHKO-
OPUEHTHUPOBAHHOIO MOJXO0Ja B Ipolecce OO0ydYeHHs CTYACHTOB B IEJSIX
oOecrieyeHus: MpopeCcCUOHANTBHOTO MBIIIJIEHUSI, MOOMJIBHOCTU U aJIallTUBHOCTHU
Oynymux croenquanuctoB. Ero cruemyer paccMaTrpuBaTh Kak BHYTPEHHE
MOTHBHPOBAHHYIO JIEATEIBHOCTh, BBIIIOJIHEHUE KOTOPON TpeOyeT OT CTY/IEHTOB
JIOCTATOYHO BBICOKOT'O YPOBHSI CAMOCO3HAHHUSI, CAMOJUCLUIUINHGI [4].

Oprannyeckre BELIECTBA SIBISIOTCS MAaTEPUAIIBHBIMU HOCUTEISIMU JKU3HU
Ha 3emuie. Kaxxas xuBast KJIETKa COAEPIKUT NECATKH OPTaHUYECKUX COETMHEHMI,
B TOM YHCJI€ TaKUX CJIOKHBIX, KaK JIMMHUbI, OCJNKH, YII€BOJbI, HYKJICHHOBBIE
KHCJIOTBI, TOPMOHBI, BUTAMHUHBI, KOTOPbIE HAXOAATCS B IOCTOSHHBIX B3aUMO-
IpeBpalleHUsIX, 0OecreunBasi KU3HEIACSATENbHOCTh OpPraHU3MOB. B ciioxxHOM
KOMILJIEKCE (PU3UKO-XMMUYECKUX IPOLECCOB, MPOTEKAIOIMX B OpraHU3Me
Y COCTABJISIIOILIMX OCHOBY JKU3HU, yYaCTBYIOT IPEUMYILECTBEHHO OPraHUYECKUE
BEIECTBA. XUMHUs 0a3UpyeTCcsl HAa 3HAHUU CTPYKTYPhl U CBOMCTB 3TUX BEIIECTB
Y TO3BOJISIET MOHATh 3aKOHOMEPHOCTH XMMHUYECKUX MPOLECCOB, MTPOTEKAOLIUX
B OKUBBIX OpraHuzMax. l3ydeHMe XHMMHUYECKOr0 COCTaBa OPraHUYEeCKUX
BEIIECTB U JKMBBIX OPraHU3MOB, a TaKXK€ 3aKOHOMEPHOCTEH XMMHYECKUX
peaxiuii, JIexalmx B OCHOBE OMOXMMHUYECKUX MTPEBPALLEHHI, 1a€T BO3MOKHOCTh
YOPABJISITH  NPOLECCAMH  JKU3HEACSATENBHOCTH € ILEJIBI0  ITOBBIIICHHUS
MPOyKTUBHOCTH KUBOTHOBO/JICTBA, ITUIIEBOJICTBA U PbhIOOBOICTBA [1; 2].

3a1aun MPaKTUKO-OPUEHTUPOBAHHOIO IMOAXOAA INPU H3YyUYEHHH pasiena
«buosornueckas Xumus» CTyJIEeHTaMH crnenuaibHocTH  «IIpon3BoacTBO
IPOIYKLINHN KUBOTHOTO MPOUCXOKACHUS:

1) 3akpenuTh ~ 3HAHWE  TEOPETHUECKOTO  MaTepuaia,  HCIOJIb3Ys
HEOOXONMMBIA  MHCTPYMEHTapui, MPaKTHUYECKUM MyTeM (mpopaboTka
TEKCTOBOI'O0 MaTepuasia Ha OCHOBE BOIIPOCOB JIJIsl CAMOMOATOTOBKH, BHINIOJIHEHHUE
Ja00paTOpHBIX paboT, 3aJaHUi TIO0 MOJIYJIBHO-PEUTHUHTOBOM TEXHOJIOTHH
oOy4eHHs, TECTOB [Jisi CaMOIIPOBEPKH, HamucaHUue pedepaTroB, CO3IaHUE
AIIEKTPOHHOTO COMPOBOXKACHUS OTIAEIBHBIX U3y4aeMbIX BOIIPOCOB);
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2) MPUMEHUTH TIOJTYYCHHBIC 3HAHUS U MPAKTUYECKUE HABBIKU ISl aHAITN3a
CUTyalldd U BBIPAOOTKM MPaBUIBHOTO penieHus] (MOArOTOBKA K PEIICHHUIO
CUTYAIlMOHHBIX 3a/1a4, B TOM YMCJI€ U SKCIIEPUMEHTAIBHBIX, YYaCTHIO B HAYYHO-
HCCIIeI0OBaTENbCKOM padoTe),

3) chopMHupOBaTh HABBIKM aJanTallid HAYYHbIX 3HAHWA W YMCEHHMH
1o OMOXMMUH K LEISM U 3a7ja4aM NpodhecCHuOHaIbHOM NeATeTbHOCTH [3].

Jlist obecniedeHus KOMIIETEHTHOCTHOTO TMOJXOJa K M3YUYEHHUIO pasjena
«buonoruyueckas XUMHs» COAEpKaHUE JTA0OPATOPHO-TIPAKTHUECKUX 3aJaHUM
pa3lieIecH0 Ha HECKOJbKO Moayiedl. B kaxaplii Moayiab  BKIIIOUEHBI
ornpejeneHHble 0oku TeM. Hampumep, B TeMe «OOMEH JIUIUIOBY» BBIJIEICHBI
CleyIolue O00s3aTeNbHbIE BONPOCHI  JJII  CAMOCTOATEIBHOW  pabOTHI:
nepeBapruBaHue JKUPOB, TKAHEBBIIN JTUOIN3, ONOCHHTE3 U OKUCIIEHUE TIIUIIEpUHA
¥ BBICHINX >KUPHBIX KUCJIOT B TKaHAX, OMOCHHTE3 KETOHOBBIX Tell, OMOCHHTE3
HEUTpaJIbHBIX KUPOB M (ocharuaoB. BeimonHenue nabopaTopHbIX padoT
10 JaHHOW TeMe BKJIIOYAET: KAYECTBEHHBIC PEaKIMM HAa KETOHOBBIC TeTa,
KauyeCTBEHHBIC PEAKIINH Ha )KEITYHBIC KUCIOTHI, IEPEBapHUBaHUE )KHUPOB JIUTA30H.

Bonpocs! 111 UTOroBOro KOHTPOJIsE K MOJYJIIO: paciaj] )KUpOB, TUAPOIIN3
UX MPHU y4aCTUU JIMINA3bl, 0OMEH IJIMIIEpUHA, MEXaHU3MBI 3-OKHCIEHUS BBICIINUX
KUPHBIX KHUCJIOT, UX JIOKaIM3alus B KieTke, oOMeH aneTwi-KoA, MexaHusm
OMOCHHTE3a BBICUIMX >KMPHBIX KUCIIOT, MaJOHWI-KOA Kak akuenTop aluuiabHbIX
octaTkoB. CTyAeHT, NMPUCTYNAIOIUI K H3yueHuio pasjena «buonorumueckas
XUMHSD», Tody4daeT uHpopManuioo o000 BCeX TeMax M OCOOEHHOCTSX
OMOXMMHMYECKHX MPOLIECCOB B OPraHU3ME KUBOTHBIX.

[Ipennaraemasi cuctemMa OpraHU3allMl MPAKTHUKO-OPUEHTUPOBAHHOTO
MOJIX0J]a CTYACHTOB TOJ] PYKOBOJCTBOM IPETNOJABATENS SIBISETCS OJHUM H3
HauOoJsee 3(h(PEeKTUBHBIX HAMPABICHUN MIPU U3YUYEHUH paszzena «buonornyeckas
XUMHS»,  Pa3BUBAaE€T  CaMOCTOSITENIBHYI0  TBOPYECKYH)  JI€ATEIHHOCTH,
CTUMYJIMPYIOIIYI0 MPUOOPETeHNE W 3aKpeIuieHne 3HaHui. PazBuTHe crucTembl
00pa30BaHMsI M TIEPEMEHBI, TPOUCXOSIINE B COBPEMEHHOM OOIIECTBE, TPEOYIOT
HAyYHO-METOJIMYECKOT0 O0ECIEeUeHUs] COAECPKATEIbHbIX U  CTPYKTYPHBIX
NEPEMEH B CUCTEME IMOATOTOBKM COBPEMEHHOIO CHELMAUCTa, MOMCKAa HOBBIX
dbopM U METOIMK Ha BCEX ATarax 3TOH padOTHI.

Takum 06pazom, moJHOIIEHHAs TPodecCHOHANIbHAS MTOJITOTOBKA OYIyIINX
CHELMATUCTOB 300TEXHUYECKOro MNpoduis HEBO3MOXHa 0e3 obecredeHus
JUYHOCTHO-AEATEIbHOCTHOTO ¥ NMPAKTUKO-OPUEHTHUPOBAHHOTO  IOAXOJIOB
B O0yueHHH, KOTOpbIC pEATM3yITCS B YCJIOBHSIX TBOPYECKOW Y4eOHOI
JESITEIbHOCTH CTYJCHTOB M TPU TPAMOTHOM OpraHU3alliid CaMOCTOSTEIIbHOM
paboThI CTYIEHTOB.

[TpakTHKO-OPHEHTUPOBAHHBIN TOIXO TO3BOJISET TakkKe CHOPMHUPOBATH
y CTYIEHTOB ILIEJIOCTHOE BOCHIPHUSATUE MPOLECCOB IMHILEBAPEHUS, MOKa3aTh
UX TECHYIO CBS3b C JKH3HENEATEIHHOCTHIO OMOJOTHYECKHX CHUCTEM, CHEJaTh
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HU3ydeHUE OMOXUMHUU KaKk MOXXHO Ooisiee A((PEKTUBHBIM U yBJICKATEIHHBIM.
Oco0oe BHMMaHHE YJEJICHO OCHOBHBIM JTariaM TepeBapUBaHUsl MUTATEIbHBIX
BEILIECTB KOpPMa, BCACHIBaAHUS MPOJAYKTOB NEPEBAPUBAHUSA U TPAHCIOPTUPOBKU
UX KO BCEM OpraHaM M TKaHsAM; pacCMOTPEH CHHTE3 BEIIECTB TKaHEU
COOCTBEHHOI'0 OpraHM3Ma >KMBOTHOIO, pacmajJ BEIIeCTB C O0pa3oBaHUEM
MPOMEKYTOUHBIX ¥ KOHEUHBIX TPOJAYKTOB OOMEHa, IPOIIECC BbIACICHUS
KOHEYHBIX MPOAYKTOB 0OMeHa. OTMEUeHBI 0COOCHHOCTH MUIICBAPECHIS Y PA3HBIX
BUJIOB CEIHCKOXO35HCTBEHHBIX )KUBOTHBIX U PHIO.

3HaHWS TUIIEBBIX MMOTPEOHOCTEH JKUBOTHBIX H PbIO, MPOIECCOB
MUIIEBAPEHUS, XapaKTepa UCIIOJIb30BAHUS IMUILY MTO3BOJIAT TPAMOTHO COCTABIISATh
HUCKYCCTBEHHbIE KOPMOBBIE CMECH, OOHApy>XMBAaTh NPUYHMHHO-CJIECICTBEHHYIO
CBSI3b MEXIY KOPMJICHHEM U 3a00JIEBAHUEM OpraHU3Ma U TEM CaMbIM JJOCTUTaTh
MaKCUMaJIbHO 3(h(PEKTUBHOTO MpoIlecca ACCUMUIIAIIMY MUK [2].

Takum oOpa3oMm, wH3yd4aeMble TEMbI HMMEIOT MNPO(hEeCCHOHATBHYIO
HaIpaBJICHHOCTh, YTO MOMOTAaeT CHOPMHUPOBATH Y CTYJIEHTOB OMOJIOIHYECKOE
MbinuieHue. [loHMMaHue CTyneHTaMu OOIMX 3aKOHOMEPHOCTEW MOBEICHUS
OpTraHUYECKUX COCAMHEHUA B XMMHUYECKUX PEAKIMUSAX BO B3aMMOCBS3U C HX
CTPOCHHEM, yYMEHHE MPOTHO3UPOBATH CBOMCTBA OPraHUYECKUX COCAMHEHUH,
ONMUPASICh HA TEOPETUYECKUE KOHUEMUIHUH OPTraHMYE€CKON XHUMHH, IMO3BOJISIOT
MOJY4YUTh Oa30BbI€ 3HAHUS IS OCBOCHUS JUCHMIUIMH MNPO(EecCHOHATHLHOTO
LHMKJIa, TPEXKAE BCErO0 KOPMIJIEHUS, pAa3BEICHHUS CEJIbCKOXO35MCTBEHHBIX
YKUBOTHBIX, BETEPUHAPUU, 300TUTUECHBI.
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BBIKAPBICTAHHE Hle(I)ECIﬁHA APBIEHTABAHbBIX
BIIDAMATOPBISIIAY Y HABYYAHHI 3AMEXXHAN MOBE
CTYIASHTAY IIPBIPOJA3HAYYBIX CIIEIBIAJIBHACIHEN

CyyacHbl MajbIXOJ Ja HaBy4YaHHS 3aMeXHail MOBE Ha HSIMOYHBIX
cnenpisuibHacsix BHY mpaayrnemxsae, mTo 3aMexHas MoOBa 3’ syJisenia
HeaJ eMHbIM KaMIlaHEeHTaM IpadeciiiHail maJgpbIXTOYKi CydyacHara CreuplsuiicTa.
VY agnaBegHaci 3 mparpamMaidl ma 3aMeKHail MOBE IS MPBIPOJA3HAYUbIX
cnenpisuibHacuet bp/lY ima A. C. Ilymkina M3Taii HaByyaHHSI 3aMEKHAl MOBE
3’sgynsgenia QgapmipaBaHHE 1HIIAMOYHAMl KaMyHIKaThIYHAl — KaMIIETAHIIbII
CHEBIUIICTA, SKasl Ja3Bajisie BBIKAPBICTOYBALb 3aMEXHYI0 MOBY SIK CPOJaK
npadeciiiHbIX 1 MiXkacoOaCHBIX 3HOCIH. JlacATHEHHE raTail MATHI IIpaayTiieKBae
BbIKAHAHHE KOMIUIEKCY 3aj1a4, BayKHAW CAPOJ AKIX 3’syIsellia 3aa4a HaByYblilb
pasyMelnb ayTOHThIYHAE THIIIAMOYHAe MayJIeHHE Ha CIbIxX [1].

[Iepokast pacTymHacllb aHJIaWH-BIPa CTaja aJHbIM 3 HaWOOJIbII
MPBIKMETHBIX Tpasty IMTOA3EHHANW TPBICYTHACI [HTIPHATY ¥ HAIIBIM KBIIIIII.
Jns  msmepammHsATa  MAaKaJdeHHS — CTYJPHTAY — aHJIAMH-BimPa 3’ AVIIsAroIa
yacTKal MITOA3EHHAN poiaybHAcI. BimaBouHail 3’aymisera HeabXoJIHACID
BBIKAPBICTOYBAllb 1X MarybIMaciii 1 JJIsl JaCATHEHHS aJ3HayaHail HaBydaJlbHaW
MAThI, NAKOJbKI aHJAMH-BIADA, SKOE YKIIOYAe ayablsiBI3yallbHbIA 3JIEMEHTHI,
y3[3€iHIYae Ha PO3HbIA OpPraHbl MAyyLISy, MPbl TATHIM 3’ Ayisenua aaHbIM
3 B11ay ayTOHTBIYHBIX MATIphIsiIay JUIsl pa3BilLs HaBbIKay aya31paBaHHs.

[Ipw1 Ycéit paznacraiiHaciii BipamaTipbisiay y Cetiibl mpadiiema naadoopy
BiJPa 3acTaelia aktyaidbHaid. J[s koxkHara ypoka ab0 TAIMBI BBIKJIQIUbIK
naBiHeH Mmamabpailb Takoe Bijpa, sSKOe cTaja O KapbICHBIM IS HaBY4YaHHS.
JI3enst raTara BapTa YiiuBailb HEKATOPBIS KPBITIPBIL aa00py Biada: y3pOBEHb
BaJIOJIAHHSI aHTIIIMCKal MOBa, CTPYKTypa BiJida, MPaIsriacilb, ayTIHTHIYHACIb,
aJimaBeIHACIbL TAOME YpoKa, JKaHp 1 1HIIL.

AVTOHTBIYHACIIH BiJIda — BIJABOYHBI KPBITIPHIA. AYTAOHTBHIYHAE Bijda —
r3Ta BiJIPa, CTBOpaHae Jijisi HOCh0iTay MOBBI Ha 1X pOJHAN MOBE 1 HE TIphI3HAYAHAC
CHEbIsUIbHA IS MAT BBIKJIQJAaHHs a00 BBIBYUYDHHS 3aMeXXHail MOBBI [2].
Kapeiciip BbIKapbICTaHHSI ayTAOHTHIUHArA Bij3a MpbI3HACIIA SK BBIKJIAAYbIKaMI,
TaK 1 HaByuYsHIIamMl. Y HalIbIM BBINAJAKY JJjIs mpadeciiiHa apbleHTaBaHara
BBIKJIQJ]aHHSI 3aMeXHall MOBBI 0Oaubllla MATA3rOJHBIM BBIKAPHICTOYBAIIb
KAapOTKisl, BbIPA3HBIS, JaKaHIYHBIS aayKalbIMHBIS BIADAPONIKI, SKIX IIMat
y CBaOOJHBIM JIOCTYN€ Ha aHjdalH-miargopmax 1 sKis MOTYLb Jaramarysl
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CTYIPHTaM 3acCBOIllb CKJIQJaHbIl KAHIPMIbI Ma I[IBIPOKIM  CIEKTPHI
IIPBIPOAA3HAYYBIX TOM.

Acobna Tpaba am3Haubih MardbiMaci TED Talks. ¥V amommis rambt
TED Talks mnepatrBapeiycs Y T1iabalibHbl IHTIPHAT-IPHTP aOMEHY 179sMi
1 indapmarbistii. [Ipbl BeIKIIaaHH] aHTIIIACKA MOBBI SIK 3aMEXHaM BiIda3allichl
kanpepanupii TED Talks (i TED-Ed y mnpsiBaTHacui) mnpaacTayisitolb
HIBIPOKIS MardbIMacii I pasBilsd 1 YAackaHaJeHHS MOYHBIX HaBbIKaY
y 3aiimanpHail 1 iHbapmareiyHaii ¢opme. Ilarocam 3Bapory ma TED Talks
3’ syIsena HasyHaclb CyOThITpay 1 CKpeINTY (paciiblhpoyki) Bigda. IlbiTanHe
a0 TBIM, IIl TIABIHHBI BiJPa, SIKis BBIKAPHICTOYBAIOIIA [IJII BBIBYUSHHS
aHTITICKall MOBBI, CymlpaBajpKaiia cyOTeiTpami (Ha pomHail MOBe I Ha
aHrJIifickai), BBIKJIIKAae 3HAYHBISA PO3HATAJIOCCI CAPOJ JAcieadblkay y TrajiHe
BBIBYUSHHSI MOY. YbITaHHe CyOTBITpay [a3Bajisieé HaBYUYRHIY “‘@AKIIOYBILD’
CBa€ HaMaraHHi ma MoIryKy COHCY poJiika (3 JanaMorail KaHTIKCTY, pacia3HaHa
JEKCiKi a00 1HIIBIX BEPOAIbHBIX 1 HEBEpPOATbHBIX MaJKa3akK), TaKIM YbIHAM,
IIPBI HASTYHACII CyOTBITpay IITH HABBIK MOITYKY CIHCY, HEAOXOMHBI ¥ pIaIbHBIM
XKBIII, HE pa3BiBaela. 3aMecT CcyOTbITpay pacibippoyka Bigda, sKas
mpajacTayisenia Ha NaTp30HBIM JTane Ypoka, JganmaMo)ka OOJbIl IOYHA
3pasyMellb SIT0 3MECT 1 ajmnpalaBailb HaBbIKI 4YbITaHHSA. [Iphl TATHIM BakHA
HE IpaJl’ayJsiib CKPBINT 3aHAJITa paHa, a JaBalb pacuiblhpoyKy HacisgaoyHa,
BBIKAPBICTOYBAIOYHI 5I€ TaK, Ka0 HABYUDHIIbI MarJji ManpakThIKaBailia ¥ ckaHipa-
BaHHI TAKCTY, 3/1a0BI1Ib 3 sie JarmaMorai MYHYyI0 JakiIagHyo 1H(apMalibIio.

BigaBouna  HeaOXomHbl  MpaBUIBHBI  HAg0Op  BigPaMaT3phIsiay,

apraHizaBaHbl Yy aJrnaBenHacll 3 naTpabaBaHHAMI YAAacKaHAJEHHS 1CHYIOYBIX
METOMABIK. Y TphIBAaTHACI, Ha CEHHAINIHI A3¢Hb y HaBYYaJIbHBIM IIPAIdCe
pAIKaMEHIyeIla TMadTalHa BBIKAPBICTOYBAIb BilIPaMaTIPBIUIBI. BakHas poss
afBOA3IIIA MaNspPIAHIMY, MepaJdMaHCTpallbIiHaAMy JTally, sKi 3a0sicrieyBae
OOJBIN TIIBIOOKAE pa3yMEHHE 3MECTY BidamaTiIphIsTy. MaTall 1oMaHCTpaIlblii-
Hara JTamy 3’SyJselia pa3Bilié MOYVHBIX 1 MayJICHYbIX HaBbIKAY HABYUIHIIAY,
pa3yMeHHEe 3MECTY BiAdaMaTiphisuly. 3a/laHHI MaclsIdMaHCTpalbliiHara sramy
MaBiHHBI aKThIBI3aBallb TBOPYBl Iparpc. AcabmiBas yBara TyT Hajaela
pPO3HBIM ThIMAM Tiepakaszy. TakiM YblHAM, iICHy€ IIeCHas y3aeMacyBsi3b Mamix
pa3BIIIEM YaTHIPOX ACHOYHBIX MayJICHUYbIX HABBIKAY, MPbI MITHIM ay/13ipaBaHHE
aJIBITPHIBAE BAKHYIO POJIIO ¥ 1X pa3BIIlIll.

JlagaTkoBBIsI MardsIMaciii Mpbl BBIKIAJaHHI mpadeciiiHa aphieHTaBaHal
3amexxHaii moBbl ¥ BHY nae BwikapbicTanHe TaxHanorii Flipped Classroom
(“nepaBepHyThI Ki1ac”). Hamr BONBIT yKbIBAaHHS TOXHAJIOT11 “TIEpaBepHYTHI Kiiac”
3 BbIKapbicTaHHeM pacypcy TED-Ed s akTyanbHBIX TAM, siKis maTpaOyrolb
Oosbill  TABIOOKAM 1 JPTanéBail mpampanoyki, I[aka3Bae, IITO Jaja3eHast
MaJI3J1b HE TOJIBKI MaJIAIIIae HaBbIKI aya3ipaBaHHs, aje 1 caja3eiHiuae pa3Billifio
HaBbIKAy ayTaHOMHAra HaBy4YaHHs, [IaBbIIIa€ MAaTbIBABAHACLIb CTYADHTAY.
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TakiM  yblHaM, BBIKAPBICTAHHE  AYTOHTHIYHBIX  BiJPamMaTIphisIAY
cTaHoBillla yc€ OonbIl HEAOXOMHBIM Ha YpoKax 3aMeXHail MOBBI. SIHBI
3’ AYNIAIOIIIA ACHOBAM 1 AJIs1 pa3Billllsl HABBIKAY YBITAHHS, CIIPBISIONb CIIATYYIHHIO
CIBIXY, 3POKY 1 PIaKipll ajHadacoBa. BimpamaTiphlsiibl mpa3 3anaMiHaJIbHbISA
BI3yaJIbHbISI BOOPA3bl JlaliaMararolilb CTBAphIlh Y HAByUdHIIAY OOJIbII JaKiIa/iHae
VsylieHHe TMpa Toe, IUTO SHbI BBIBYYalOllb, MPHIKMETHA MAJAIMIIAOLb
1X CIIOYHIKaBbI 3amac mpa3 NpbIKJIAIbl BHIKAPBICTAHHS CJIOY, 1IBIEM 1 BhIpaszay
y 1X aYTOHTBIYHBIM MOVHBIM acsipoJa3i. BimpamaTipbisiiibl  J1ariaMararoih
MaThIBaBallb CTYJIPHTAY Jia BHIBYUIHHS 3aMEXHA MOBBI, CIPBISIOIb CTBAPIHHIO
cnakoiHai atmacdepsl ¥ Kiace, repaTBaparollb HaBy4YaHHE ¥ 3aJlaBaJIbHEHHE.
Bapra aa3Haubllp Takcama 1 TO€, IITO TaKiM YbIHaM CTYASHTHI 3HAEMSIIA
3 JIBIAAKTBIYHBIMI MardeIMaciiiMi BigdamaTipeisiiay. [lazHelt sHBI MOTYIb
BBIKAPBICTOYBAllb 1X Maa4yac cBa€il menarariyHail MpakThIKl 1 Janeuinai mpamsl
¥ 1IKoJIe IJi aKThIBI3allbll Ta3HABaJIbHAM J3€MHACIIl 1 MaBBIIMIPHHS MAaThIBAIlbIi
J1a TIPALCY HABYYaHHS YO ¥ CBaIX BYUHSY.

[TanBo/3siubl BBIHIK, MOKHA CUBSIp/Kallh, IITO Ba YMOBaxX HsIMOYHara
acsipoJiI31  BBIKAphICTaHHE  mpadeciiiHa  apbleHTaBaHBIX  AYTIHTHIUHBIX
BiJIPaMaTIpbIsIay TMphl BBIKIAJaHHI 3amexHail moBbl ¥ BHY ampaynana
1 HeabxomHa Juisi mpadeciiiHall MaAPBIXTOVKI OyAydybIX —CHEUBISIIICTAY.
BrikapbicTaHHE ¥ HaByYaJIbHBIX MATaX CYYacCHBIX apbITHAIBHBIX ayTIHTHIUYHBIX
BiJIPaMaTaIpbisiay mpadeciiiHall HakipaBaHacIll Ja3Bayisie HaOM131Ib BY4Y20HYIO
CITyallpll0 Ja pdiajibHald, TMaBhIllIa¢ I1IKABaCllb Ja BBIBYUYIHHS 3aMeKHail
MOBBI, CIIpbIsie Pa3BILILIO YCIX KaMIaHEHTAy IHIIAMOYHAal KaMyHIKaThIyHail
KaMIIETOHIIBII.

CITIC BBIKAPBICTAHAN JIITAPATYPBI

1. UnocTpaHHbIil  s13bIK : YyueO. mporpamMma YYpeKJI€HHS BBICII.
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CO}IEP)KATE.JIUI)HBIFI KOMIIOHEHT NPEJMETHOH
XNUMHUYECKON KOMIIETEHIIUU (HA IPUMEPE
NTUCIHUIIIINHBI «KOJJIOUTHA S XUMMUS»)

B nacTosiiiee Bpemsi B me1arornuyeckoi Hayke U MpakTuke o0pa3oBaTesib-
HOTO TIporecca Bce Oouiblliee 3HAYCHUE MPHOOPETAET KOMITETCHTHOCTHBIN
noaxoJ. MHorue ucciaegoBaTeId OTMEYAIOT, YTO KOMIIETEHTHOCTHBIM MOJXO0/
CIIOCOOCTBYET MOBBIIICHUIO KAYECTBA MOJTOTOBKHU CIIECIIUATNCTOB.

Mb1  nipuaepkuBaeMcsi TOYKA 3PEHHUS, B COOTBETCTBHUM C KOTOPOM
B MOJICJIA MPEIMETHON XMMUYECKOW KOMITIETCHIIMU BBIICIISAIOT TPU KOMIIOHEHTA!
COAEPKATEIbHBIM,  MPOLECCYalbHbIA W  KOHTPOJBHO-OLICHOYHBIM  [1].
ConepkaTeabHbIi KOMIOHEHT MPEIMETHOM XMMHUYECKON KOMIETEHIUH CBA3aH
C COJEpKaHMEM KOHKPETHOW y4eOHON NUCIMIUIMHBI, TPOIECCYaTbHbIN —
C MPaKTHYECKUM BOIUIOMICHHEM IieJie OO0ydeHHUs, KOHTPOJIbHO-OIICHOYHBIM
MO3BOJISIET YCTAHOBUTD, PEAIM30BaHBI JIU II€JIH MTpoliecca 00yUeHUS.

B conepkarenbHOM KOMIIOHEHTE NMPEIMETHOW XUMHUYECKON KOMIIETEHIIUN
HaMH BBIIEJICHBl CIEAYIOIME MOAYJN: «XHUMHYECKH 37eMeHT», «lIpoctoe
BemecTBo»,  «CiokHOE ~ BEmECTBO»,  «XUMHUYECKHMH  DKCIIEPUMEHTY,
«MaTeMaThuuecKrue pacueTbl», B MPOIECCYaTbHOM KOMIIOHEHTE — MOJYJIH
«Dopmbl  00yueHus», «Meroasl oOydeHus», «CpencrBa OO0yUECHHS,
B KOHTPOJIbHO-OILICHOYHOM KOMIIOHEHTE — MOTyJIH «Ilearoruueckuii KOHTPOIIb
u «Camoornienkay (Tabnuia 1).

Ta6nuna 1 — CTpykTypa npeIMeTHOM XUMUUECKON KOMIIETEHIIUU

Hpe,[[MeTHaSI XUMHWYCCKasA KOMIICTCHIHA

ConepxarenbHbli IIponeccyanbHbIi KOHTpOIbHO-01IEHOYHBII
KOMIIOHEHT KOMITOHEHT KOMITOHEHT
XUMHUYECKUH DIIEMEHT ®opmbl 00yueHust Ilenarornyeckuii KOHTPOJIb
[TpocToe BemiecTBO MeTtoab1 00ydeHUs CamoolieHka
CrnoxHO€E BEECTBO CpenctBa 00yueHus
XUMUYECKUN SKCIIEPUMEHT
MaremaTnueckue pacueTsl

OTMGTI/IM, 4TO B paMKaxX pa3HbIX XUMHYCCKUX AHCHUIIIMH COACPIKAHUC
IpoHecCCyallbHOI'0O M KOHTPOJIBHO-OOCHOYHOI'O KOMIIOHCHTOB MOXKCT OBITh
INPAKTUYCCKH  OAMHAKOBBIM, 4 COI[ep)KaTCHBHBIﬁ KOMIIOHCHT  ABJIACTCA
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VWHJVBUAYAJIBHBIM JUI KaXXJAOW JTUCIUIUIMHBI, TOCKOJIBKY OH HEIOCPEICTBEHHO
CBS3aH C €€ COAEPKaHUEM.

Hamu  pa3paboran  coaepKaTeNbHBI ~ KOMIIOHEHT  MPEAMETHOM
XUMHAYECKON KOMIETEHIIMM TPUMEHUTEIBHO K PAa3JUYHBIM XHUMHUYECKUM
nucuumuinHam  [2-5]. B HacTosimelt paboTe mOpemsioKeHa  CTPYKTypa
COZIEPKATEIIBHOTO KOMIIOHEHTA MPEIMETHOM XUMHUYECKOW KOMIETEHIINH,
dbopmupyeMoii B paMKax yaeOHON AUCTTUTUTMHBI «KoutonaHas XuMus».

Komnonagnas xumuss — Hayka O JHCHEPCHBIX cucteMax. IIpenmer
ee U3y4eHHUs BechbMa Crieliu(PrueH U OTJIMYAeTCs OT MpeIMeTa U3YUCHHSI APYTUX
XUMUYECKUX JUCHMIUIMH, HalpuMep oOueldl U HeOpraHWYeCKUu XUMHUU
WJIM OPTaHUYECKON XUMUHU.

SABIsAACH MEXIUCLMIUIMHAPHOW OTPAaCibl0 3HAHWM, KOJUIOMJHAS XUMMS
uMeeT OOJIbIIOE 3HAYEHUE B IMOATOTOBKE YUYHUTENEW OWOJOTMM M XHMHH,
IOCKOJIBKY pacIIUpsieT MpPeICTaBICHUs O CTPYKType BEIIECTB, (POpMHUpPYET
IpeacTaBieHuss 00 0COOOM KOJUIOUJHOM COCTOSIHUM, HMEIOIIEM OTIPOMHOE
3HaYyeHWe B  IMpolleccax  KU3HEOOECHEeUeHUsT  KUBBIX  OPraHU3MOB,
TEXHOJIOTHYECKUX MPOLECCaX U APYTHX 00JIaCTSX KU3HEACSITEIIbHOCTH YEIOBEKA.
Jannas yueOHasi AMCLUIIIIMHA UMEET COJIEPKaTEIbHbIE B3aUMOCBSI3U C YUEOHBIM
npeaMeToM «XuMus». B Tabnuie 2 mnpuBeneHbl TEMbl Y4e€OHOro mIpenMeTa
«XUMHsD» U HU3y4aeMbI€ BOIIPOCHI, MMEIOLIME COAECPIKATEIbHBIE B3aUMOCBS3U
¢ nmucimmHou «KoiutonaHas XumMus .

Ta6muna 2 — ConeprkaTelbHbIC B3aUMOCBSI3H JTUCITUTIIINHBI
«KomnouaHast XuMus») ¢ y4eOHBIM ITPEAMETOM « XUMHUSI»

Tema yueOHOro npeamera «XuMHsD) W3yuyaemMble BOIPOCHI

[TepBoHayanbHBIE XUMUYECKHE YucTele BeleCcTBa U CMECU

noHsiTus (7-# Kiacc)

Kucnopon (7-i knacc) Bo3nyx kak cMech ra3zon

Bona (7-# kmacc) OxpaHa OKpyxaromeid cpeapl — BOJOEMOB,
aTMocdepsl, TOYB OT 3arpsi3HEHUH

Xumus pactBopos (11-i1 kiacc) PacTBOpBI Kak TOMOTE€HHBIE CUCTEMBI, UX OTINYHE
OT MEXaHUYECKUX CMecei

[IpumenurensHo k auciuiuiiHe «KosmouaHas Xumus» MOpeaMeTHas
XUMHUYECKass KOMIIETCHIIMS CBsSI3aHa CO 3HAHUWEM KJlacCU(UKaAIUU, METO/OB
MOJIYYCHHS, CBOMCTB JUCHEPCHBIX CHUCTEM, C(HOPMUPOBAHHOCTHIO HABHIKOB
AKCIIEPUMEHTATILHON PaOOTHI MO MOTYYEHUIO H U3YYSHUIO CBOWCTB IUCTIEPCHBIX
CUCTEeM, YMEHHI OOpabOTKU [TaHHBIX XUMHUYECKOTO HKCIICPUMEHTA, PEIICHUS
KAUYeCTBEHHBIX U pacdeTHBIX 3aAad. CTpyKTypa COJIEpPKATEIbHOIO0 KOMIIOHEHTA
MPEIMETHOM XHUMHUYECKONW KOMIIETEHIMH MPUMEHUTENIBHO K JUCIUILIMHE
«KommonaHas XxumMus» npuBeeHa B Taduiie 3.
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Tabnuna 3 — CoxeprkaTeNbHbII KOMIIOHEHT MPEAMETHON XUMUYECKON
KOMITETEHLIUHA TPUMEHUTEIBHO K TUCIHILIMHE «KOouTonaHas XUMHs

Monayib CoJiepkaHue MOayJis
XUMUYECKUI 3HaHUE KBAaHTOBO-MEXAHUYECKOW MOJEJIM CTPOCHHUS aTroMa; 3HaHUE
3JEMEHT 3JIEKTPOHHOI'O CTPOEHUSI aTOMOB XMMHUYECKHX 3JIEMEHTOB U HOHOB
IIpocroe 3HaHME CTPOEHUS NPOCTBHIX BEIIECTB, HX (PU3UUECKUX CBOICTB
BEILIECTBO U PEaKMOHHON CIOCOOHOCTH
CnoxHoe YMeHue onpenensaTe TUI XUMUYECKOM CBSI3M U CTPYKTYPY BEILECTBA;
BEILIECTBO 3HaHME KJIACCU(PUKALMUU M METOJIOB TOTYUYEHUS JUCIICPCHBIX CHUCTEM;

3HAHHUE ONTUYECKHUX, MOJIEKYJIIPHO-KUHETUYECKUX U DJIEKTPOKUHETHYE-
CKHMX CBOMCTB AUCIIEPCHBIX CUCTEM; 3HAHUE TEOPUN CTPOEHUS JBOMHOIO
3JIEKTPUYECKOTO CJIOsA; 3HAHUE TEOpUW KOaryJisillMM 30JIel; yMEHUue
COCTaBJISITH (HOPMYJITBI MHUIIEILIT

XUMHUYECKUI YMeHue mniIaHupoBaTh XUMUYECKHM SKCHEPUMEHT [0 MOJYyYEHUIO
JKCIIEPUMEHT U M3YUYEHUIO CBOWMCTB AMCIIEPCHBIX CHUCTEM (CYCHEH3UH, SMYJbCHUH,
reine, 3o1eil, pactBopoB BMC), 00BsACHATE €ro pe3yiabTaThl; [paMOTHOE
oOparmienue ¢ jabopaTopHbIM 00OPYIOBAaHMEM M MOCYAOW (MUIETKA
Mopa, BUCKO3UMETP)

Maremarnueckue | YMEHHE NMPOBOAUTH PACUEThl 110 YPABHEHUSAM XUMHUYECKHX PEaKIIMA;
pacyeTsl HAaBBIKM  pAcyeToB C  Pa3IMYHBIMU  CHOCOOaMU  BBIPAKECHUS
KOHIICHTPALMU PaCTBOPOB; YMEHHUE ONPEACIISATH IOPOT KOAryJIILIMH 30151
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INPOI'PAMMA ®AKYJIBTATUBHOI'O KYPCA 110 XUMHUH
C UCITIOJIB3OBAHUEM JAHHBIX MOHUTOPHUHI' A
BBIBPOCOB 3AI'PA3ZHAIOLIUX BEHHIECTB

AKTYaJIbHOCTh. 3HAUUMOCTh (haKyJIbTaTUBHOTO OOYUEHHMsS 3aKIHOYAECTCS
B TOM, 4TO €T0 BHEAPEHHUE B 00pa30BaTEIbHbIC YUPEKACHUS TIO3BOJISIET Hanbomee
3 PEeKTUBHO OCYIIECTBUThL OOpa3oBaTelIbHbIE MOTPEOHOCTH UM HHTEPECHI
oOyuyaromumxcsi, oOecrneunBasi pa3sHOOOpa3HbIE€ MOAXOAbl K HX TMOJTOTOBKE.
dakyIbTaTUBHBIC 3aHATHS PACIIUPSAIOT KPYTro30p B 007IaCTU XUMHUH U CBS3aHHBIX
CEKTOPOB, YTO, B CBOIO OYEpPE]lb, TOMOXKET BBITYCKHHUKaM OBICTPEE OCBOUTH
npodeccur B chepe eCTECTBEHHBIX HAYK MOCIE OKOHYAHUS IKOJIBI.

Ha ocHoBaHuuU BBINIEN3I0KEHHOTO (DaKyJIbTaTHBHAS paboTa — 310 PopMma
OpraHu3allid XUMHUYECKOro 00pa3oBaHMs, 3aHHUMAIONIAs MPOMEKYTOUHOE
MOJIOKEHUE MEXKTY YPOKaMU U BHEYPOUHOU padoToii [1].

dakynbTaTUBHBIC 3aHATHUS YIIIYONSIOT 3HAHUS y4allUXCs, MOJyYEeHHbIE
Ha YpOKE, MO3BOJISIOT MOJMYYUTh IuPepeHInanibHble T0Je3HbIE HABBIKH.
@akynbTaTUBHBI KypC HANpaBI€H Ha peaju3aldio HWHIUBHIYaJIbHOIO
MOAXO0/Ja K Yy4alluMCs, TPEIOCTaBIseT BBIOOP MIMPOKOro CIeKTpa G(opm
3aHSATUNA, OPUEHTUPOBAHHBIX HA CTAHOBJIEHHE MHOTOCTOPOHHEH JIMYHOCTU
1 (hOpMHUPOBAHKE HAYUHOT'O MUPOBO33PEHHUSI.

[enbto opranuzanuu (HaKyIbTATUBHBIX 3aHATUM TIO XUMHUU SIBISIETCS
NOBBIIICHHE  KayecTBa  OOpa3OBaHMS  y4yallUXCs, O3HAKOMJIEHHE  HUX
C COBPEMEHHBIMHU JIOCTIKCHHUSIMU XMUMHUHU U TPOU3BOJICTB, C «XUMHUYECCKHUMID)
crenu(PpUIHOCTIMU PEruoHa.

Hean uccaenoBanus — pazpadborath mporpammy (paxyiabTaTUBHOTO Kypca
M0 XUMHUHU, COACPXKAIIyl aHadu3 JaHHBIX MOHUTOPHUHTa BBIOPOCOB
3arpsi3HSIIONIMX  BEMIECTB ISl YYaIIMXCAd YUYPEXKICHHM OOIIEro CpemHero
oOpa3oBaHUs.

Marepuajibl 1 METOAbI: TECOPETUYECKUN AHAIU3 HAYYHO-METOJANYECKOU
1 00pa30BaTEIbHO-3KOJIOTUUECKON JTUTEPATYPHI.

Pesyabtarbl  ucciaenoBanmii. CoBpeMeHHbIE MPOOJIEMBI  IKOJIOTHHU
U OXpaHbl OKpyXaroueh cpefpl TpeOyIoT OT MOJIOAOTO MOKOJEHHUS HE TOJBKO
MMOHMMAaHHUSI OCHOB XMMUH, HO U YMEHUS aHAJIU3UPOBATH JAHHBIE O COCTOSHUU
OKpyKarolel cpeapl. B cBsizu ¢ 3TUM pa3paboTka (akyJbTaTUBHOTO Kypca
0 XUMHHM, BKJIFOYAIOIIETO TEMbl, OCHOBAHHBIE Ha JAHHBIX MOHHUTOPHUHTA
BBIOPOCOB 3arpsI3HAIOIIMX BEIIECTB, CTAHOBUTCS aKTyaJIbHOW U HEOOXOAMMOM.
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[IporpaMmsbl (akyIbTaTUBHBIX 3aHIATHA IMOCTPOEHBI Ui BCEX KIIACCOB
C Y4YeTOM COJep>KaHUs y4eOHOro IUIaHA IO XHMHH, TA€ U3yYECHHE KaKIOu
U3 IIPOrpaMM pacCUUTaHO HE MeHee yeM Ha 35 vacoB (1 yac B Henemo).

@akynbTaTUBHBIN Kypc pa3padboraH it yyammxcs 11-ro knacca.

Hazpanue (akynbTaTBa: 9KOJIOrMUYECKUI MOHUTOPHHT.

lenp ¢akyapTaTMBHOTO Kypca — (QOpMHUpOBaTH y  ydalIuxcs
IPEJICTaBICHUE O BO3JEHCTBUM XMMHUECKHUX BEIIECTB Ha OKPYKAIOLIYIO Cpeny,
O3HAaKOMHTH UX C METOAAMH cOOpa M aHalu3a JAHHBIX O 3arps3HEHUH, a TAKXKE
Pa3BUTh HABBIKM KPUTHUYECKOTO MBIIUIEHUS U HAy4YHOTO MOAXOAA K PELIECHUIO
AKOJIOTUYECKUX MTPOOIIEM.

3agaun:

1. ®opmupoBaHre 3HAHUNH O XUMHYECKHX IpOILIECCaX B OKpYyKarolien
cpele: M3ydYeHHE OCHOBHBIX HCTOYHUKOB 3arps3HEHHs] OKPYXKAIOMIEH Cpelbl
XMMHYECKHMHU BEUIECTBAMH U METOJI0B MOHUTOPUHTIA U aHAJIN3a BHIOPOCOB.

2. PazBuTHe HaBBHIKOB pabOThl C JaHHBIMA MOHUTOPHHIA: OCBOCHHE
METOJIOB aHAJIM3a U BU3yalU3alluM JaHHbIX (Fpaduku, quarpaMmel), GopMupo-
BaHWE YMEHUN MPOTHO3UPOBATH SKOJIOTHUECKHE TTOCIEACTBHS 3arps3HEHNUS.

3. Pa3BuTHE aHAJIMTUYECKOTO MBILIUICHUS: YMEHUE BBISBIATH MPUUYUHHO-
CIIEJICTBEHHBIC CBSI3W MEXAY 3arpsA3HEHHEM M €r0 IMOCIEICTBUSIMH, Pa3BUTHE
CHOCOOHOCTH K CHCTEMHOMY aHAJIU3Y HKOJIOTUYECKUX MPOOIIEM.

4. ®opMUPOBAHUE DKOJIOTUYECKOW KYJIBTYPHl: BOCIIUTAHWE OTBETCTBEH-
HOT'O OTHOULIEHUS K OKPYIKaOIIEeH cpeae.

@DaxkyIbTaTUBHBIA KypC COAEPKUT TaKWe TeMbl, KaK MCTOYHUKHU 3arpss-
HEHUS (NIPOMBIIIJICHHbIE MNPEANPUATUS, TPAHCHOPT, CEIbCKOXO03SHCTBEHHAS
NeATENbHOCTh M T. 1I.), BUIBI BBIOPOCOB (OpPraHMYECKHE, HEOpPraHUYECKHE,
razoo0pasHble, TBepible, XKHUJIKHE), METOJbl MOHUTOPUHIA, MPEICTaBICHUS
O KJaccax ONACHOCTH 3arps3HSIOIMX BEIIECTB, 3HAKOMCTBO C MPEAEIbHO
JIOTTYCTUMBIMU KOHIIEHTPAIUsIMU BBHIOPOCOB, a TaKXK€ BIIMSHUE 3arpsA3HSIOMINX
BEILIECTB HA 370pOBbE 4YeloBeKa U dKocucTeMmbl. CoaepkaHue Kypca
(GakynbTaTUBHOTO 3aHATHS C HUCIOJb30BAaHUEM JIaHHBIX MOHUTOPHUHIA
3arpsI3HSIIOUIMX BEIIECTB MPEACTABICHO B TaOIUIIE.

Ha nmnpakTtuyeckux 3aHATHSIX Mbl PEKOMEHIYEM JeNlaTh JOKJIaJbl
U TPOEKTHI, aHATM3UPOBATh JAaHHBIE MOHUTOPUHTA BBIOPOCOB 3arps3HSIONINX
BELIECTB: COCTAaBJIATh JMArpaMMbl, ONPEIENSTh TMPEBBIIICHUE MPEICIbHO
JIOTTYCTUMON KOHIIGHTPAIIMH U MPOLIEHTHOEC M3MEHEHUE KOJMYECTBa BHIOPOCOB
3a ONpeeNICHHBIN MEPUOJ, IENaTh BHIBOIBI.

OOyuaromyecss CMOTYT paboTaTh C peajlbHBIMU JaHHBIMH, MPOBOIUTH
Hay4yHbIE  WCCIEAOBAaHWsA, YYacTBOBaTh B  MPOCKTHOH  JEATEIBHOCTH
Y TIPE3EHTOBATh CBOU PE3YJIbTAThI.

JUJi MoBBIILIEHUS] HHTEepeca K (DaKyIbTaTUBHBIM 3aHATUSM PEKOMEH]IyeTCS
IPOBOAUTD SKCKYPCHUHU HA IPOMBILIUICHHbIE TPEANPUSITHS, HA KOTOPBIX yUallHecs
O3HAKOMSITCS C MPOIIECCOM MPOMBILIUIEHHOTO MPOU3BOJICTBA M METOIaMU cOOpa
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JAaHHBIX O BBIOpOCAX 3arpsI3HSIONIMX BEHIECTB. Takue 3KCKypCUU MOTYT COJEH-
CTBOBATb BBIOOPY Mpoeccru 1Sl BBITYCKHUKOB, CBI3aHHOM C MTPOMBIIIJICHHOCTBIO.

Tabnuna — Coaeprxanue (akyJIbTaTUBHOIO Kypca

No KonuuectBo
HaumeHnoBanue pa3aenoB u TeM
n/n 4acoB
Ikoaorunveckuii MoHuTOpUHT (11 Kiace)
1 BBenenune 1
2 | 3arpsasHuTenu 6uochepsl 10
2.1 | EcTecTBEeHHOE M aHTPONOTCHHOE 3arpsI3HCHUS 2
2.2 | Buyipl BBIOPOCOB: OpraHMYECKHe U HEOPraHMYECKHe 2
2.3 | Ilpaktuueckoe 3ansTue 1 2
2.4 | ArperaTHbie COCTOSTHUS BHIOPOCOB 3
2.5 | 3ansaTue peduiekcMBHOr0 0000IICHUS 1
3 | Iloka3aTesu BLIOPOCOB 9
3.1 | Kmaccel omacHocTH. 1-2 Kiacce 2
3.2 | Knaccel omacnocTu. 3—4 kjacc 2
3.3 | [IpenenpHO noIycTHMAasi KOHIICHTPAIIHSI 2
3.4 | IIpakTudeckoe 3aHsaTue 2 2
3.5 | Dkckypeus 1
4 | MoHUTOPHMHI H OXPAaHA OKPY:KaIOUIeil cpe/bl 14
4.1 | Metoapl cOopa JaHHBIX 3arpPs3HSIONINX BEIICCTB 2
4.2 | CranoHapHbIe M HECTAIMOHAPHBIEC HCTOYHUKH BEIOPOCOB 2
4.3 | IlpaBuna aHanM3a MOHUTOPUHTA JAHHBIX 1
4.4 | TlpakTuueckoe 3aHsTHe 3 2
4.5 | Pe3ynbTaT 3arpsi3HEHUsI OKPYXKAIOLIEH cpenibl 2
4.6 | BausiHue BBIOPOCOB 3arpsi3HAIOLIMX BEIIECTB HA 3J0POBbE UEIOBEKa 1
4.7 | Cnoco0Obl yMEHbIIEHUS KOJIMYECTBA BHIOPOCOB 3
4.9 | Ilpaktuyeckoe 3aHstue 4 1
5 | UroroBasi koH(pepeHuus 1
Bcero 35

BeiBoa. dakyibTaTUBHBIM KypC IO XWMHH, OCHOBAHHBIM Ha aHaJIU3€
JTAHHBIX MOHHMTOPHUHIA BBIOPOCOB, CIIOCOOCTBYET Pa3BUTHUIO AHAIUTHYECKOTO
MBIIUICHUS, (OPMHUPOBAHUIO DKOJIOTMUECKOM KYJIbTYpbl M JIMYHOCTHOTO
poCTa yyaruxcsl.

CITMCOK MCITOJIb30BAHHOI JTUTEPATYPBI
1. benpimkas, E. JI. ®akyabTaTUBHBIC 3aHATHUS IO XUMUM KaK CPEJICTBO
nonpoduibHoit moarorosku yuamuxcs / E. JI. bensimkas, H. B. Mankesuu //
AKTyajbHbIE TIPOOJIEMbl XHMHYECKOTO OOpa3oBaHUsI B CpeAHEH W BBICIICH
mkone : ¢O0. Hayd. cT. / 1. pen. E. S. Apmanckuit. — Burtedck @ BI'Y
uM. I1. M. Mameposa, 2016. — C. 19-21.
K conepxkaHuio
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3. C. KYHIHEBUY
benapycs, Butebek, BITMY

COBEPIHIEHCTBOBAHUME MPO®ECCUOHAJIBHON
KOMIIETEHTHOCTH NPENOJABATEJIEN B YCJIOBHUSX
PEAJIM3AIIMA OBPA3OBATEJIbHOM ITPOT'PAMMBI
IHOBBIINIEHUA KBAJIM®PUKAIIUU «COAEP)KAHUE

N METOANYECKHUE ACHIEKTBI IPEITIOJABAHUSA
JANCHOUIIVIMH XUMHWYECKOT'O TPOPNJIA

B MEAUIWHCKOM YHUBEPCUTETE»

OpnHoil u3 popM OCBOEHHS MHHOBALMOHHBIX IMPOLIECCOB B 00pa30BaHUM,
dbopmupoBaHUsl y TMpenojaBareliel yMeHUs aHallu3upoBaTh M 00001IATh
CBOM MEAATOTMYECKUM OIBIT U PE3yJbTaThl MEIarOrM4eCKOd MHHOBAMOHHOW
NESATEIIBHOCTH CBOMX KOJJIErT M B I€JIOM  YYpexAeHUs oO0pa3oBaHUs
SIBJIIETCSL TOBBIIIEHNE KBaJU(UKALUU TpenojaBareneid B 001acTh METOAUKU
IpenoAaBaHus XUMUYECKUX AUCLIUILINH, KOTOPOE OCylecTBiseTcs B Buredckom
rocy/1apCcTBEHHOM opzeHa [lpyxO0bl HAPOJI0OB MEIULIMHCKOM YHUBEPCUTETE.

Ilenpto  mporpammbl  HoOBBIIEHUS — KBanuukauuun  «CopepxaHue
U METOJMYECKHE ACHEKThl MPENOoAaBaHUs AUCLMILUIMH XUMHUYECKOro Hpouis
B MEIMLIMHCKOM YHUBEPCUTETE» TaKKE SBISICTCA IOBBILICHHE YPOBHS
PEIMETHO-METOIMYECKON KOMIIETEHTHOCTH TMpEenojaBaTesiel XUMHYECKUX
JUCUUIUIMH B 00JacTH MPOEKTUPOBAHUS COJEpPKaHUS Y4YEOHBIX MPOrpaMm
U Y4YeOHBIX 3aHSATUH HA OCHOBE MPAKTHUKO-OPUEHTHPOBAHHOIO MOAXOAA,
HalpaBJeHHbIX Ha (QopMupoBaHue MpodhecCUOHATBHBIX KOMIETEHUUN Y
oOyyJaroumxcs U oOoraiieHue METOANYECKOTO MHCTPYMEHTApUs
IIpEnoAaBaTelei.

VYyeOHast mporpaMma HarpaBJieHa Ha PelIeHUe CIeAYOUUX 3a/]1a4:

— pacuMpeHue U yrirybjieHue 3HaHWM mpemnojaBaresneil 0 COBpEMEHHBIX
dopMax 00pa3oBaTEIbHOW JEATEIBHOCTH B MEAMIMHCKOM YHHUBEPCUTETE,
CTpaTerusx, MeToJaX XUMHYECKOro o0O0pa3oBaHUS B CBETE€ COBPEMEHHBIX
JOCTHKEHUM METOAMYECKOM Hayku; 00 OpraHu3alMOHHO-TIEIarorH4ecKuX
yCIIOBUSIX, OOECIEUMBAIONIMX peaju3aluio Iened oOydeHus, pa3BUTHS
U BOCIUTAHUS B MPOIECCE MPENOJaBaHUsI XUMUYECKUX TUCUUIUIMH, a TaKXKe
IPEEMCTBEHHOCTh M HENPEPBIBHOCTh  00pa30BATENbHOU  JEATEIBbHOCTH
B YCJOBHUSIX MEIUIIMHCKOIO YHUBepcuTera; 00 3((PEeKTUBHOM HCMOIB30BAHUU
AJIEKTPOHHBIX PECYPCOB B XUMUYECKOM 00pPa30BAHUM CTYJEHTOB MEIUIIMHCKOTO
YHUBEPCUTETA;
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— COBEPIICHCTBOBAHUE TMPOGECCHOHATIBHBIX HABBIKOB: IJIAHUPOBAHUS
U TPOSKTUPOBAHMS COJACpKAHUS ydeOHOW paboOThl C Y4YETOM Clenu(UKH
IPENOJaBAEMbIX XMMUYECKHX JHCLUMIUIMH, €€ OpraHu3aluud M aHajau3a
pe3yNbTaToB; pa3pabOTKU HAYYHO-METOJUYECKOT0 0OeCTIeUeHHs! NPEnojaBaHus
XUMHUYECKUX TUCUUIUIMH B MEJUIIMHCKOM YHUBEPCUTETE;

—pa3BUTHE Yy TpENojaaBareieil XUMHMUYECKUX JUCHUIUIMH YyMEHUM
KPUTUYECKH aHAJIU3UPOBAaTh CBOK II€IAarOTHYECKYI0 JEATEIbHOCTh, HU3Yy4aTb
¥ 000011aTh MHHOBAIIMOHHBIN M1€arOrMYECKUH OTIBIT.

Peanuzanuss  y4ueOHOM  mporpaMMbl — MOBBIIIEHUS — KBaJIU(PUKAILUU
IpernojaBaTesieil HampaBlieHa Ha OCYILIECTBICHHE CIEAYIOUX (QYHKIUMA
npoheccCuoHaNBbHOMN NeSTENbHOCTH:

— peanu3anys 00pa3oBaTENbHBIX MPOrPaMM BBICHIETO MEAUIIMHCKOTO
o0pa3oBaHHsI B COOTBETCTBUM CO CIEHU(PUKON NPErnogaBaeMbIX Yy4eOHBIX
TUCIHTLINH;

— OpraHu3auys W OCYIIECTBICHHE HAy4YHO-METOAMYECKOW padoThI
B YUPEKIEHUU 00pa30BaHUs B COOTBETCTBUU CO CHEUU(PUKON MpernogaBaeMbIX
y4€OHBIX TUCUUIUINH;

— OpraHu3alys U OCYUIECTBIEHUE BOCIIUTATENIbHON paOOThI B yUpEXKICHUU
oOpa3oBaHMsl, a TAKXKe pelIeHre 3a1au Mpo(eccrnoHaIbHOM 1eATENbHOCTH:

— IUIAHUPOBAaHUE U MPOEKTUPOBAHMUE COJAEpKAHMUS Y4eOHOH paboOThI
C y4eToM crenu(puKyd NpernoaaBacMbIX yUeOHBIX JUCLMIUIMH, €€ OpraHu3alus
U aHaJlu3 pe3yJIbTaToB;

— pa3paboTka  HAyYHO-METOJIMYECKOro  olecrieueHus  oOpa30BaHUS
(yueOHO-TIporpaMMHON JOKYMEHTAIlMM 00pa30BaTeNIbHbIX MPOrpamM, y4eOHO-
METOJUYECKOW JOKYMEHTAllMh, Y4YeOHBIX, HAyYHbIX W UWHBIX W3JaHUMH,
KOHTPOJIbHO-U3MEPUTENbHBIX MaTEPUAIOB, HWH()OPMAIMOHHO-aHATTUTUYECKUX
MaTepHaoB U UHOE).

Coneprxanue yueOHOM porpaMMbl MOBBIICHHS KBaTU(UKAIIMU BKIOYAET
7IBa pasjena:

1. Conepkanne  y4yeOHBIX  JUCHUIUIMH  XHUMHYECKOTO  MPOQUIIs
B MEJULINHCKOM YHUBEPCUTETE.

2. MeToauueckre  acleKTbl MPEnojaBaHus  y4yeOHBIX  JIUCUUIUIMH
XUMHYECKOT0o Ipouiisi B MEIUIIUHCKOM YHUBEPCUTETE.

B nepBoMm paszaerne n3yqaroTcsi TaKMe TEMBbI, KaK:

— MOJIeNIb  CHEeUMaJNCTa M CcoJep)kKaHue OOy4YeHHS XUMUYECKUM
JTUCIUIUIMHAM B MEIUIIMHCKOM YHUBEPCHUTETE;

— HAyYHO-METOJIOJIOTHYECKME  OCHOBaHHMS ~ OOYYEHHS  XMMHYECKUM
TUCIUTUTNHAM;

—aHanu3 U OOOCHOBaHHWE COJAEPNKAHUS XUMUYECKHX JIUCUUILIUH
B MEJIMIIMHCKOM YHUBEPCUTETE.
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B pa3nene «MeToauyeckue acreKThl MPenoaaBaHus y4eOHbIX TUCHUIIIINH
XUMHUYECKOTO PO B METUIIMHCKOM YHUBEPCUTETE» U3yUAIOTCS TEMBI:

— BOCIIUTAHUE U Pa3BUTHE JIUYHOCTH B MpOIecce 00yUeHUs JUCIHUILTHHAM
XUMHUYECKOTO NPOPUIIs B MEAULIUHCKOM YHUBEPCUTETE;

—MeToAbl U  CpeAcTBAa  OOydYeHUsT XMMHMYECKUM  JUCIUIUIMHAM
B MEJULINHCKOM YHUBEPCUTETE.

BaxxHbpIMH BOIIpOCaMH B COZEPKAHWU IIPOTPaMMBl SBIISIFOTCS BOIIPOCHI
IPKIAHCKOIO W IATPUOTHYECKOIO0 BOCIHMTAHHS CTYIAEHTOB B IIpolecce
o0yueHusl XUMUYECKUM AucuumianHaMm. CiaymaTenn Ha NPaKTUYECKUX 3aHATUSIX
(GOopMyJIPYIOT BOCHUTATENbHBIE 3a/a4l INPUMEHHUTEIBHO K KOHKPETHBIM
paszzenamM M TeMaM MO0 XMMHUYECKHM IUCUUIUIMHAM, OOCYKIAIOT MOATOTOBKY
MaTepUaloB BOCIUTATEIBHOIO XapakTepa, OCHOBAaHHBIX Ha MCIOJIb30BAHUU
UCTOPUYECKOM U COBPEMEHHOW MH(POPMALMK O PA3BUTHH XWMHYECKOW HAyKd
B PecnyOnuke benapych u Bkiaze O€IOPYCCKUMX YUEHBIX-XMMHUKOB B Pa3BUTHE
MEIUIMHCKON U (hapMalleBTUYECKOW HAyKU U MIPaKTUKH [2; 3].

Peanuzanusi comepkaHusi MpPOrpaMMbl CIIOCOOCTBYET PELICHUIO TaKHUX
3a7a4 Ipo(heCCUOHATIBLHON IEATEIbHOCTH, KaK IIJIAHUPOBAHUE U IPOCKTUPOBAHUE
coJiepkaHusl y4eOHOIM pabOThl ¢ YYETOM CHELM(PUKU MPENoIaBaeMbIX yUEOHbBIX
JUCLUIUINH, €€ OPraHu3alusl U aHaJIN3 pe3yJIbTaToB.

CIIMCOK UCITOJIb30BAHHOM JINTEPATYPHI

1. I'aBponckas, }0. FHO. Meronuka oOydeHHss XMMHUU B By3€ : yueO.
noco6wue / FO. FO. I'aBponckas. — CIIO. : PTTIY um. A. U. I'epuena, 2021. — 136 c.

2. llemenkoBa, H. B. Peanu3zanus mHTErpaTUBHOTO TOJIX0JIa B MPOIIECCEe
npenojaBanus IUCHUIUIMHBL «Memuuunckas xumus» / H. B. Jlemenkosa,
3.C.Kynnesuu // KauecTtBeHHOe  mpodeccuoHalbHOEe  OOpa3oBaHUE:
COBpPEMEHHbIE MpoOJeMbl U NyTH pemeHus : marepuansl XIII Hayd.-meton.
OHJIalH-KOH(. ¢ MexayHap. yuactuem, Kemeposo, 22 aek. 2021 r. / ®I'BOY BO
«KemI'MY» Munzapasa Poccuu. — Kemeposo : Kem['MVY, 2021. — C. 134-137.

3. Kynnesnu, 3.C. dopmupoBaHue HCCIEIOBATEIbCKUX YMEHUU Y
npenoaaBaresied MEAUIIMHCKUX YHUBEPCUTETOB U KOJUIEIKENH B CUCTEME 10O -
HutenbHoro obpaszoBanus / 3. C. KyHneBuu // VMIHHOBallMOHHBIE TEXHOJOTHH
B CUCTEME JIOMOJIHUTEIILHOTO 00pa30BaHus B3pOCIbIX : cO. Hayd. cT. Pecm. Hayy.-
npakT. KoHd., bpect, 24-25 cenr. 2013 r. — bpecr, 2013. — C. 103-106.

4. Kynuesuy, 3. C. DopMupOBaHUE aHATUTHYECKUX YMEHHN Y cITyliaTenei
dakynpTeTa TOBBINICHUS KBaTM(PUKAIMK TIO TEJarorike MW IICHUXOJIOTHUHU
B mporiecce ctaxupoBku / 3. C. Kynuesuu, P. B. 3aropynbko // JlocTimxeHus
byHIaMEHTAIBPHOM, KIMHUYECKONW MEAHWIMHbI W dapMauud : MaTepHuabl
69-ii Hayd. ceccuum COTPYAHMKOB YyH-Ta, Butebck, 29-30 suB. 2014 1. —
Burebck : BIMY, 2014. — C. 276-2717.

K conep:kaHuio
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3. C. KYHIHEBHUY, T. O. KOHOHOBA, H. B. IEMEHKOBA,
T. A. KOHIOLIIKO
benapycs, Butebek, BITMY

OPI'AHU3AIIUA PYBEXKHOI'O KOHTPOJISA 3HAHUI
11O XUMHUU Y AHTJVIOT'OBOPALIIUX CTYAEHTOB
MEJUIHUHCKOI'O YHUBEPCUTETA (HA IIPUMEPE
PA3JIEJIA «YYEHHUE O PACTBOPAX»)

OOGydenue Oyayiiero Bpaya B MEIMIIMHCKOM YHUBEPCHUTETE HAUMHAETCS
C  W3yYCHHS  ©CTECTBCHHO-HAyYHBIX  JUCIUIUIMH,  OOCCIICUMBAIONTUX
(dbopMHpOBaHNE Y CTYJICHTOB 3HAHUN O (PU3UKO-XUMHUCCKUX U OMOXMMHYCCKUX
mporeccax, MPOWCXOASAIIMX B OpPTraHM3ME dYeloBeKka. M3ydeHne XMMHYECKUX
JTUCITUIUINH Ha TIEPBBIX KypcaX MEAWIIMHCKOTO YHHBEPCHUTETa CO3/JaeT 0a3y
JUISL  TIOCTEAYIOIIET0  OCBOEHHUSI  MaTepuayiia  oOmenpodecCuoHalIbHbBIX
U MpodeCCUOHANBHBIX JUCHUILIUH. DTO OOYCJIOBIEHO TEM, YTO NMPUMEHEHHUE
XUMUYECKOM HayKd B MEAUIIMHE BHECIO MHOIO HMHHOBAIIMM B pa3BUTHE
dbapManeBTUYECKOH  MPOMBIIUIEHHOCTH, OPTOMEAUYECKON  CTOMATOJIOTHH,
MEJUIIMHCKOTO TMPOTE3UPOBAHUS, a TaKKe CIIOCOOCTBOBAIO CTPEMHUTEIHLHOMY
Pa3BUTHUIO HOBBIX TEXHOJIOTHH jedeHus [1].

MenuiuHckass XuMus — y4deOHas IUCHUILIMHA XUMHYECKOTO MOIYJIA,
collep)Kalias CHCTEMAaTH3UPOBAHHBIC HAyYHBIE 3HAHUS O BEIIECTBAX W WX
MPEBPAIICHUSIX, COMPOBOXIAIONIUXCS  W3MEHEHHEM  COCTaBa, CTPOCHUS
U CBOWCTB, HEOOXOJAWMBIC [Jii TIOHMMAaHHWS OCHOB pa3padOTKH HOBBIX
JICKapCTBEHHBIX BEIIECTB, a Takke O (PU3UKO-XUMUYECKUX METO/ax
KaueCTBEHHOTO W KOJWYECTBEHHOTO aHajan3a OWOJOTHMYECKHX IKUIKOCTEH,
pacTBOPOB JICKAPCTBEHHBIX BEIICCTB W OwWomonumepoB. WM3ydeHue dToi
JTUCIUIUIMHBL HamNpaBJieHO Ha ¢dopMupoBaHue 0a30BBIX MPOQPECCHOHATBHBIX
KOMITETEHIIUM, OCHOBY KOTOPBIX COCTaBIISIET 3HAHUE O XMMHUYECKUX U (U3HKO-
XUMHUYECKUX OCHOBAaX IPOIECCOB KU3ZHENEATSIHOCTH OpraHu3Ma 4YellOoBeKa,
MPUMEHEHUU COBPEMEHHBIX XUMHUYECKUX U (DUIUKO-XUMUYECKUX METOJOB
UCCJICIOBAHMSI JUTSl U3YUYEHUSI METUKO-OMOJIOTHYECKUX U MEIUIIMHCKUX MTPOOIIEM.

JInst peanuzanuy BBINICYKA3aHHBIX 3a7a4 TMPEMOJAaBaTEI MPUMEHSIOT
pa3IMYHBIC METOJbI MOTHBAIMM W HWHTCHCH(UKAIMA OOYYCHHS CTYJICHTOB,
KaK TIPaBUIIO, HA OCHOBE MHTETPATHUBHO-KOHTEKCTHOTO IOX01a.

B ocHOBe MeTOAMKN WHTETPATUBHO-KOHTEKCTHOTO O0YUCHUS TUCIIUTIITNHE
«MenuuuHCKass XUMHUS» JIGKUT HHTETpaIs TEOPETHUYECCKOW W MPAKTHUYCCKOU
MOJATOTOBKM OyIymuX Bpadei. IDTO o0O0ecrneyuBaeTcs MPEeeMCTBEHHOCTHIO
MEXIY OTACITBbHBIMU pa3jieiiaMy YIeOHON JTUCITUTUIMHBI « METUITUHCKAST XUMHES
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yepe3 (GOpMHpPOBAHUE BHYTPUIIPEAMETHBIX M MEXKIPEIMETHBIX CBSI3€M XUMUU
C JApYrMMH Y4Ye€OHbIMU JUCUUIUIMHAMHM, a TaKK€ Yepe3 MOJEIUPOBAHUE
o0pa3oBaTenpbHON  Cpelbl, MaKCHUMaJbHO MPHUOJMKEHHOH 10  ¢opme
U COACPKAHMIO K OyayIieit mpodeccrnoHaIbHOM AeATeIHHOCTH.

OnHuM U3 BaXKHBIX Pa3zesioB B 00pa30oBaTeIbHON NporpaMMe 1o yaeOHon
JUCHUIUIMHE « MEIUIMHCKAsT XUMHUSD SABIIETCS pa3lell «YUEHHUE O pacTBOPAX)».
[Ipyn wW3yueHUM NaHHOTO pa3jesia M3y4daloTcsl TaKUe BaKHbIE B MPOQeccHo-
HaJbHOM IUIAHE BONPOCH, KAK BOJA KaK YHHBEPCAIBHBIM PACTBOPUTEID
B OuocucreMax; (PU3MKO-XUMUYECKHE CBOMCTBA BOJIbI, OOYCIIOBIMBAIOIINE
€e poJib B MpoLEeccax KU3HEIEATEIbHOCTH; CIIOCOOBI BBIPAXXEHHUS COCTaBa
pacTBOpa: MOJIApHAsl KOHLIEHTPALKsl, HOpMaJIbHAs! KOHLIEHTPALUS, MOJISIIIbHOCTD,
MaccoBas 011, MOJIbHAsl J10JI; OCMOTHYECKOE JABICHUE; IOIYIPOHULIAEMBIE
MeMOpaHbl B OpraHW3Me€ YeJOBEKa; OCMOJSIPHOCTh U OCMOJSUIBHOCTD
OMOJIOTMUECKUX KHUAKOCTEH U mep(y3UOHHBIX PAaCTBOPOB, OCMOTHYECKOE
JABJICHWE IUIa3Mbl KPOBM, pACHPENEIICHHE BOABI B OpraHMW3ME 4YeIOBEKa
MEXIY KJIETKaMH M BHEKJIETOYHON JKUIKOCTBIO, IUIA3MOJIU3 U T'€MOJIN3, THIIO-,
TUIIEP- U U30TOHUYECKHUE PACTBOPHI B MEAMIIMHE; BOJAOPOIHBIN noka3areins (pH)
KaK KOJIMYECTBEHHAs] Mepa aKTUBHOW KUCIOTHOCTH M WIIEJIOYHOCTH, WUHTEpPBAI
3HaueHu pH BaxxHEWUIINX OMOJIOTMYECKUX KUIKOCTEH, BUIbI KUCIOTHOCTH
OMOJIOTMYECKUX KHUJIKOCTEH, KHUCIOTHO-OCHOBHBIM HHIUKATOp; OydepHble
pacTBOpbl M CHUCTEMBI; Oy(epHble CHUCTEMBl KpPOBU: THAPOKapOOHATHas,
remMoryioonHoBasi, ocparHas u OenKoBas; MOHATHE O KHUCIOTHO-IIEIOYHOM
PaBHOBECUHU B OMOJIOTMUECKUX >KHJIKOCTSAX, PECIMPATOPHBIN U METa0OINYECKHIA
anua03 U alliJIEMUS, aJIKaJl03 U aJIKaJIeMUsl.

[Ipy wm3yuyeHuM NOAHHOTO pazfena y CTYAEHTOB (POPMHUPYIOTCS 3HAHUS
O TOM, 4YTO HOpPMaJbHas >KU3HEIAECATEIBHOCTh OpraHU3Ma HEBO3MOXKHA
0e3 mojjaepXaHusi TOCTOSHHBIX XapaKTEPUCTUK, TAKUX KaK TeMIleparypa,
OCMOTHYECKOE [aBJICHUE, KOHILIEHTPALMSA BEIIECTB BO BHYTPHUKIETOYHBIX
Y TKaHEBBIX )KMJIKOCTAX OpraHu3Ma.

[lo oxkoH4YaHMM H3y4eHMs pazjena MPOBOJUTCS PYOEKHBIH KOHTPOJIb
3HAHUM B BHUJAE KOHTPOJIBHOW pPabOThl, KOTOPHIA MO3BOJSET OINPEAEIIUTh
YpOBEHb C(HOPMHPOBAHHOCTU BAXKHBIX B MPO(ECCHOHATLHOM IUIAHE 3HAHUI
Y PaCYETHBIX YMEHHI.

VYuuteiBas TO, YTO B MEAMIIMHCKOM YHHUBEpCUTETE oOydaeTcsi O0JblIoe
KOJIMYECTBO HMHOCTPAHHBIX CTYJEHTOB, B TOM YHCIE M aHIJIOTOBOPSLIUX,
aKTyaJIbHBIM CTaHOBUTCS HEOOXOJHWMOCTh Pa3pabOTKH JAHMArHOCTUYECKUX
MaTepUaIoOB Ha aHIJIMMCKOM si3bIke [2]. B maHHOM cTaThe Mbl IPUBOAUM OJUH
U3 BapUAHTOB KOHTPOJIbHOW pabOThI, KOTOpask UCIOIB3YETCS ISl AMATHOCTUKU
3HAHWI NTHOCTPAHHBIX CTYJEHTOB ITPU U3YUEHUH pa3fena « Y UeHUE O PaCTBOPAXY.

KontponrHass pabora BkiIO4aeT 15 TECTOBBIX 3aJaHUM U YETHIpE
CUTYalIMOHHBIE 3a/1a4u. Huke mpuBOAUTCS colepKaHUE OJHOIO M3 BapUAHTOB
KOHTPOJIbHOM paOOTBHI.
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Bapuanm 1
Tecmosnle 3a0anus
1. Mass of salt in 50 g of 10 % NaCl solution is (grams):

1. 5000 2.5 3.05 4,500
2. The amount of salt that is contained in 1.5 liters of a 0.01M solution of Na,SO4
is (mole):

1. 0.015 2.1.5 3.4 4.0.1

3. What is the molar mass of an equivalent of H3PO, (through the molar mass
of the substance):

1. M/4 2. M/3 3. M/2 4. M/1.
4. What is the molar concentration of an equivalent of a 0.3M solution
of aluminum nitrate?

1.0.3N 2.0.1N 3.09N 4.0.6 N
5. The concentration of hydrogen ions [H*] in the solution is 0.01 mol/l. The pOH
of the solution is:

1.10 2.12 3.2 4.3
6. The concentration of hydroxide ions [OH] in the solution is 1:10 mol/l.
The pH of the solution is:

1.3 2.-11 3.11 4.8
7. Acetate buffer system consists of:
1. CH;COOH/CH3COONa 3. CH3COOH/NaHCOs
2. NaHCO3/H2COs 4. CH;COOH/CH3COONH,4

8. When a solution of NaOH is added to the hydrocarbonate buffer system,
a buffer system component enters the reaction, the formula of which is:

1. CH;COOH 2. CH3COONa 3. NaHCOg, 4. H,CO3
9. The coordination number in the complex K3[Cu(SCN),] is equal:
1.4 2.8 3.3 4.7
10. The oxidation state of the central metal ion in the [Cr(NH3)3(CO)s]Cls complex
is equal:
1.4+3 2.-3 3. +2 4.0
11. The charge of the coordination sphere in the [Cr(H,0)4(CO3)]Cl is equal:
1. +1 2.-1 3. +2 4,4

12. A solution of what substance in water will have the highest osmotic pressure
at the same temperature and the same molar concentrations of dissolved
substances?
1. Sucrose 3. Potassium sulfate
2. Glucose 4. Sodium acetate
13. The isotonic coefficient of the solution of which electrolyte is the highest if
the molar concentrations of all solutions are equal (the degree of dissociation is 1)?
1. NaOH 2. Na;SO4 3. NasPO, 4. CaCl,
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14. What electrolyte aqueous solution will have the lowest freezing point if the
molal concentrations of solutes in all solutions are the same?

1. KOH 2. C&Clz 3. K2804 4, A|C|3

15. What phenomenon is observed when a plant cell is placed in distilled water?
1. Hemolysis 3. Turgor
2. Plasmolysis 4. Shrinking and drying cells

Complete tasks:

1. Calculate the pH of the buffer solution prepared by mixing 10 ml of 0.1M
Na;HPO, solution and 10 ml of 1M NaH,PO4 solution (pK (H,PO4) = 7.2).
Describe the mechanism of the buffer action of the resulting solution.

2. Write the formula of the complex compound:
pentaamminechlorocobalt(l11) nitrate and the corresponding instability constant
of the complex ion.

3. For the reaction with 20 ml of FeSQO, solution in an acidic medium, 20
ml of 0.025N KMnQO, solution were consumed. Calculate the mass (g) of FeSO,
in 150 ml of solution.

4. Calculate how many grams of copper chloride should be taken to prepare
a 150ml 0.5N solution? Determine the percent by mass of CuCl; in this solution
(d=1.2g/ml).

IIncemenHas KOHTPOJIbHAsA pa60Ta ABJIACTCA OAHUM M3 BAa>XHBIX MCTOA0OB
IIPOBCPKHU 3HAaHUU " YMCHHﬁ. O,Z[HOpOI[HOCTB HCIIOJIB3YCMBIX BapPHAHTOB
KOHTpOJIBHOI?I pa60TbI ITO3BOJIACT KO BCEM CTYACHTAM IIPCABABIIATE OAMHAKOBBIC
TpeOOBaHUS M MOBBIIIAET O0BEKTUBHOCTD OICHKHU PE3yIbTaTOB O0YUCHHS.
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H. E. MAJTAIOHOK, C. JI. PATYEHKO, O. i. CAJIbIYUII,
B. A. AIYUKO, H. A. TBO3/IEBA
benapyce, Munck, bI'TY

AKTUBU3AIUA PABOTBI CTYAEHTOB HA JIEKIIUAX

B craTthe paccmaTpHuBaceTCs M AHAIM3UPYETCS ONBIT aBTOPOB MIPENOIABaAHU
qucuuIuineH - «Teopernyeckne OCHOBBI XMMHM», «HeopraHmyeckas Xumus»
CTYJIEHTaM IIEPBOTO Kypca benopycckoro rocy1apcTBEHHOIO TEXHOJIOTHYECKOTO
yHuBepcuteTa. @opMupoBaHuE NPOPECCUOHAIBHBIX KOMIIETEHIUN Y CTYIEHTOB
XUMHUKO-TEXHOJOTUYECKUX  CHEHUANbHOCTEH  MpEAnojaraer  akTHBHOE
NPUMEHEHUE TEOPETHMUECKUX 3HAaHWW Ha TpakTuke. JIeKuuu B aKTUBU3ALMH
y4eOHOH J1eATENbHOCTH CTYAEHTOB UTPAIOT HAMBAXKHEHIYIO poJib. PaccMoTpeHsl
IPUEMBI, HCIOJIb3yEMbIE Ha JIEKLHSX, CIIOCOOCTBYIOIIME JYYIIEMY YCBOEHHUIO
y4eOHOro MaTepuara.

Jlexups, Koraa IpenojaBaTeNb TPAAUIMOHHO 4YMTAET, U3Jaras
COJICP)KAHUE TEOPETHYECKUX ITOJIOKEHUIN, MEHBIIE BCETO 3aUHTEPECOBBIBAET
CTyeHTOB. CTyZI€HTBI IIEPBOTO Kypca CTAIKUBAIOTCS C HOBOM JUJISl HUX CJIOKHOU
3ajaueil 0CBOEHMsI OOJIBIIOT0 00bEMa TEOPETUYECKOTO MaTepualia o CTPOSHUIO
aToMa, XHMHYECKOW CBsI3U, JIaOOpaTOPHBIM U MPOMBILUIEHHBIM METOAaM
NIOJIyYEHUS ¥ CBOMCTBAM HEOPTaHUUYECKHX BEIIECTB, UX CTPOCHUIO, PEAKLINOHHOM
CIIOCOOHOCTH, CIOCO0aM BBIPAKEHHUS COCTaBa PacTBOpa, TEPMOAMHAMUYECKUM
pacdeTam H Jp.

UtoObl MOHATH MaTepuall, CTYAEHTY HYXKHO 3acTaBJIsITh ce€0sl ObITh
BHUMATEJIbHBIM, TIOCKOJIbKY BHHMMaHue ociabeBaer dyepe3 15-20 MuHyT
MOHoJIOra mnpenojasatensd. [ns Toro 4yToObl JeKuus crajga NpOAYKTHBHOM,
HEO0OXOAMMO OTOMTH OT CTAaHAAPTHOIO M3JI0KEHUSI YYEOHOro MaTepualia B BUJIE
MOHOJIOTa MpernojaBaTelisd, OpPraHW30BaTh JIEKIMIO TaKUM o00pa3oM, YTOOBI
3aMHTEPECOBAaTh CTYACHTOB, YTOObl OHM CTaJld AKTHUBHBIMU YYaCTHUKaMH
npouecca. CoBpeMeHHas MOJIOAEKHAs AayIUTOpUs Jydlle BOCIIPUHHUMAET
BU3YaJbHYI0O HMH(OpMAIMIO, B CBA3M C YE€M IPH HM3JIO0KEHUH OOYyUYaroIIUMCs
TEOPETUYECKOI0  MaTepuana CTOMT B  Oonbliell Mepe HUCIHOJIb30BaTh
nHporpaduky, METONbl BHU3yaIbHOW KOMMYHHMKAIIMU U OOpaTHOW CBS3H.
Hcnonb3oBaHnWEe HAIJSIAHBIX TOCOOMH, TakWX KaK BHJIEOPOJMKH, KAPTHUHKH,
CXEMBbl, Ta0JIMILIbI, OKUBIISET JEKLHUIO.

JIist Aydiiero ycBOEHHUsI TEOPETHYECKOro Marepuajja B Hayalle JIEKIUU
clleqyeT COoOOHMTh, YTO OyIeT pacCMOTPEHO, NPUBECTU OTJIABJICHHE
paccMaTpuBaeMOro MaTepualia, BbIAEIAS TaKUM 0O0pa3oM KIIIOUEBBIE ACIEKTHI,
U Jajiee MOCIEA0BATENbHO BBIYEPKUBATh PACCMOTPEHHBIE ITYHKTHI OIJIABJICHUS.
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JJis KOHTPOJISL U IPOBEPKHU MOJHOTHI KOHCIIEKTa MPETNoaBaTeNb pa3padbaTbiBacT
nepeueHb BOMPOCOB, OTBETHI HAa KOTOpBIC CTYACHT JOJDKEH HAWTH B CBOEM
KOHCIEKTE JIeKUMHA. OTH Ke BONPOCHl BKIIOUEHBI B 3K3aMEHAI[MOHHBIC
ounetsl. [IpermomaBarenu kKapeapbl XUMHH, TEXHOJOTHH AJICKTPOXUMUYCCKUX
IPOM3BOJACTB M MAaTEPHUAJOB SJICKTPOHHOW TEXHUKH B Yy4eOHOM Ipolecce
IIMPOKO WCIOJB3YIOT JTUCTAHIIMOHHBIE 00pa30BaTEeIbHBIC TEXHOJOTHH Ha 06ase
Moodle [1-3]. Bompocs! pa3memniensl B BeO-ipunoxernn Moodle. [Ipu 3tom
CTYICHT BBICTpaWBaeT JIOTUYHOE U TIIOCJICIOBATEILHOEC W3JI0KEHUE TEMBI,
YTO MPUTOAUTCS €My MPHU MOATOTOBKE K 3K3aMeny. [Ipu u3noxeHun matepuana
BaXHO BBIJCNIATh AaHAJIOTHH, IOAYEPKUBATH KOPPESIUH M TMEPUOTUICCKH
MOBTOPSTH IJIaBHBIE 337]a4l PACCMATPUBAEMON TEMBI.

Cnenyer oTmeTuth, uTO HUHGPOpMalUs HHUKOrga He Oblla CTOJb
JIETKOJOCTYIIHOM, KaK B Hactosiuiee Bpems. He cekpert, 4To 3a4acTyro CTyJEHTHI
BO BpeMs JIEKIIMM OTBJICKAIOTCSA, PACCUMTHIBAS TMO3XKEe 0e3 mpoOieM HalTh
HY’)KHYI0O HMH(QOpPMAIMI0 C HCIOJb30BAHUEM COBPEMEHHBIX IPOTrPaMMHbIX
MHTEPHET-pecypcoB U Helpocereld. OTHUM U3 caMbIX OOJBIINX OTBJIEKAIOLIUX
(GakTOpoB, C KOTOPBIMU CErOAHS CTAJKHUBAIOTCS MPENOJaBATEIH, SBISIOTCS
cmaptdonsl. C Apyroil CTOpPOHBI, €CTh 3aMedaTelbHas BO3MOXKHOCTB
UCIIOJIb30BaTh CMapT(HOHBI 1JI1 aKTUBU3AIMH PAOOTHI CTYIEHTOB Ha JIEKIUH.

3amaya TmpemojaBaTeNii — OPTaHW30BaTh JEKIUIO TaKUM 00pasom,
4TOOBl CTYAEHTHl UMEIHM 3aUHTEPECOBAHHOCTh B YCBOEGHUU HEOOXOIUMOM
TEOpEeTHYeCKOW  HMHpOpMalHMH,  aNrTOPUTMOB  HCIONB30BAaHHUS  JaHHON
uH(OpMAIUU IPU PEIICHUH MPAKTUYECKUX 3a7ad.

C menpro akTUBH3AIMM PabOThl CTYJCHTOB Ha JEKIMW TMPENoaBaTeIH
Harei kadeapsl uCnoNb3y0T TexHosoruu Moodle [1-3]. OcHOoBHBIM cpeacTBOM
KOHTpPOJIsi pabOThl CTYJIEHTOB Ha JIEKIMH SBISIETCS HEOONBIIONH 3KCIPECC-TECT
B pemaktope Moodle B cepenyHe WiauM B KOHIE JICKITUH. YTOOBI CTYIEHTHI
HE  CIHCHIBAIM, MOXXHO OTPAaHHYUTh BpeMsS  MPOXOXKACHHUS  TecTa
(ae Oosiee 4—5 MUHYT) U YUCIIO TTOTBITOK.

Hecnoxnuple u He TpeOyrolue pacuyeToB BOMPOCHI TECTa CO3AAIOTCS
Ha OCHOBE JIEKIMOHHOro Marepuana. CucTeMa aBTOMAaTHUYECKU IPOBEPSET
OTBETHI, OTMEUAeT JOMyIICHHbIE OIMMOKM W YyKa3blBaeT HaOpaHHBIA Oai,
MOKa3bIBAIOLINI CTENEHb YCBOECHUS TEOPETUUECKOTO MaTepuaia.

[IpoBenenue HEOONBIIOTO TECTa BO BPEMS JICKIIUH OXKUBJIISIET ayAUTOPHIO,
BBIHYK/Ia€T CTY/ICHTOB 00Jiee BHUMATENBHO CIIyIIaTh JICKIIMIO, BECTH KOHCIICKT,
JEMOHCTPUPYET yMeHHe paboTaTh C MOJyuyeHHOW HHpOpMaluel, BiageHHUE
JITOPUTMaMH IPUMEHEHHS 3TOM nHpOpMaIHH.

B koHIle nekiuu HEOOXOUMO MOABECTH UTOTH TOTO, YTO OOCYXKIAIOCh
U HACKOJIBKO MaTepuan JIeKIMKA TOHSATeH CcTyleHTaMm. [IpoBeneHue Tecta
U TOJBEJCHHE WTOTOB IMO3BOJIAT CIYyIIATENsIM TPU  HEOOXOAUMOCTH
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MIPOKOHCYJIBTUPOBATLCS Y TPENOJaBaTeNs] U BBIICHUTH OTBETHI Ha BOIPOCHI,
KOTOPBIE BBI3BAJIA 3aTPYITHEHHUE NIPH TECTUPOBAHUMU.

st onieHkn 3¢ GEKTUBHOCTH TMpejiaraéMoidl METOAWKH BKJIFOYCHUS
HKCIIPECC-TECTOB B JICKIMIO ObLI MPOBEACH CPABHUTEIIbHBIN aHAIN3 PE3YJIbTATOB
CECCHUU B IpyIIax, [Je UCIO0JIb30BANIACh U HE UCIOJb30BAIACh JaHHAs METOJUKA
(pucyHok). Jlnst cpaBHEHUS OBLIM B3AThl TPYIIBl OJHOW CHEIUAIBLHOCTH
C KOHTUHT€HTOM, OJIM3KUM IO YPOBHIO MOJATOTOBKHU.

60 - (/7] TpaqMITMOHHAs JICKIS
77/} neK1ysl ¢ SKCIPECC-TECTOM
X 50
o
S
= 40+
@]
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5 30t
o
as]
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Pucynok — I'ucrorpamMmmel pactipeneneHus: OeHOK CTYJEHTOB B paMKax
sK3aMeHa 1o aucuuruinHe « TeopeTnyeckue OCHOBBI XUMHUN» B YUEOHBIX
rpynnax, re He UCIOIb30BAIACH U UCITOJIB30BAIACH METOANKA
IIPOBEICHUS JICKLIUM C IKCIPECC-TECTUPOBAHUEM

[To pe3ynbpTaTam mpoBeneHUs YK3aMeHa 1Mo quciuiuinie « TeopeTndeckue
OCHOBBl XHMHW» B Yy4Ye€OHBIX Tpymnmax, B YYEOHOM TIpolecce KOTOPBIX
UCITOJIb30BaIaCh METOJIMKA TPOBENECHUS JIEKIIUI C DKCIPECC-TECTUPOBAHHEM,
CJIETyeT OTMETUTH OOJIbIIIEe KOJTUICCTBO OIICHOK, COOTBETCTBYIOIIUX CPEIHEMY
6-8 (36,6 %) u Beicokomy 9-10 (13, %) ypOBHIO TOATOTOBKH CTYJICHTOB
M0 CPABHEHUIO C OIICHKAMH B YUEOHBIX TPYIINax, B y4eOHOM MpoIiecce KOTOPhIX
He NMpUMeEHsIach JgaHHas meromuka, — 20,0 u 3,3 % s 6-8 u 9—-10 Gamios
COOTBETCTBEHHO. KOIMYECTBO CTYJEHTOB C HHU3KHUM YpPOBHEM IOJTOTOBKH
(6anmn 4-5) mo pesynbTaTamM B5K3aME€HA B Pa3HbIX AHAIM3UPYEMBIX Y4eOHBIX
rpynmax comnoctaBumo: 46,7 u 56,7%. B TO ke BpeMs KOJIMYECTBO
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HEATTECTOBAHHBIX CTYJICHTOB IO pe3yJbTaTaM dK3aMeHa B y4EeOHBIX TpyIIax,
B Y4YCOHOM MpOIECCe KOTOPBIX NPHMEHSIACh METOJHMKA SKCIPECC-TECTOB,
3HaYuTeNbHO MeHblie — 3,3 % — Mo cpaBHEHUIO C Tpynmamu, B KOTOPBIX
MPOBOAMIIMCH TPAJAUIIMOHHBIC JICKITMOHHBIE 3aHATus, — 13,3 %.

[IpoBeneHMe HKCIpecc-TeCTa BO BpeMs JICKIIUU ITO3BOJSIET JIEKTOPY
BBISIBUTh OTCYTCTBYIOIIIMX CTYJICHTOB, CTYISCHTOB C HH3KHM YpPOBHEM
MOATOTOBKH, C KOTOPBIMH CJIEAYET IPOBOIUTH MHANBUAYATbHYIO paboTy. Takum
CTyJIIGHTaM cleayeT Oojbllle BpPEMEHHM BBIACIATH Ha CaMOIOJTOTOBKY
IpU  BBIMIOJHEHUW WHAWBUIYAIBHBIX JIOMAlTHUX 3adaHUil IS YCHEITHOU
CIauu SK3aMeHa.

OneIT TpoOBeEeHUS JIEKIIUH C BKIIOYCHHUEM B JICKIIMIO JKCIPECC-TECTa
MOKa3aJj CBO A(PPEKTUBHOCTD U 11€71€CO000Pa3HOCTh MPOBEICHUS IKCIIPECC-TECTa
JUIS aHajii3a CTEMeHM YCBOCHHS CTYyJACHTAMHM paccMaTpPHUBAeMOro Ha JICKIIMH
MaTtepuana.
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®OPMHUPOBAHUE BUOJIOIO-XUMHUUYECKUX NOHATUN
B JTUCHUIIVIMHE «BUOJIOI'USL. 11 KIIACC»

Baxneiimass uenb oOydeHHs OHOJOTMM — J1aThb  OCO3HAHHBIE,
CUCTEMAaTUYECKUE M INPOYHbIC 3HaHUA ydamuMmcs. O IPOYHBIX 3HAHUAX MBI
TOBOPUM B TOM CJIy4ae, €CJIM Ha YpOKax uAeT (GopMHUpOBaHUE NOHATHNA. bruosorus
KaKk ydeOHas [WUCLUUIUIMHA SBJISIETCS CUCTEMOM NOHSTHM, pa3BUBAIOLIUXCA
B JIOTMYECKOM TOCIEAOBATEIIbBHOCTH U HaXOISAIIMXCS BO B3aUMOCBS3H.
Knaccudukanus noHsATUN SBISETCS BOIPOCOM CIIOPHBIM, IO HEMY HET €IUHOU
Touku 3peHud. [lpm 3ToM, Hambojee H3BECTHOM SBISETCA KIIacCH(PUKALUS
nousatuii H. M. Bep3ununa u B. M. KopcyHnckoi [1].

VYuebHnoe mocobue «buonorus. 11 kmace» [2] HaumHaeTcss ¢ TJIaBBI
«XUMHYECKME KOMIIOHEHTHI KUBBIX OpraHu3MoB». [Ipyn M3ydeHHH 3TOH IIIaBbI
uaeT GOpMUPOBAHNE BAXKHEHUIIMX OMOJIOTO-XMMUYECKUX MOHATUN, 0€3 3HaHUs
KOTOPBIX HEBO3MOXKHO NTOHMMAaHHUE Y4eOHOro MaTepuaia, U3JI0KEHHOTO Jajee B
y4eOHOM MTOCOOUH.

[IpoBeneM aHanM3 COJEPKATENBHOIO acleKTa HEKOTOpBIX maparpagos
ri1aBbl «XUMHUYECKHE KOMIIOHEHTBI JXUBBIX OPraHW3MOB» C TOYKH 3pPEHHUS
(bopmupoBaHUs OMOJIOrO-XMMUYECKUX OHATHI. B mepBoM nmaparpade BBoautcs
MOHSATHE O MAKpO- U MUKpOIJIEMEHTax. /[ ycremHoro opiajeHusi yueOHbIM
MaTepUaJioM y4alluecs JOJDKHBI TOBTOPUTh U3 JUCHUUILIUHBL  «XHUMHS»
0003HaYeHUsI XUMUYECKUX AJIEMEHTOB, a U3 TUCUUILIUHBI «buonorus. 9 knace»
OTJIEJIbHbIE MOMEHTHI, CBA3aHHBIE CO CTPOEHHEM OpraHuM3Ma 4desioBeka. Torna
MOYHO MTOJTHOCTBIO OCO3HATh COJIepKATEIbHbIN acreKT Tabauibl « buonornyecku
Ba)KHBIE XUMUYECKUE JIEMEHTBI», KaCAIOINKCI BOIPOCOB AHATOMHUH YeJIOBEYE-
CKOTO opraHusma. B Tabmnuiie, B 4aCTHOCTH, MMOKA3aHO, YTO HATpUH y4acTBYeT
B T€HEPALIMM HEPBHBIX HMMITYJIbCOB, MOJACPKUBAECT PUTM CEPACHYHOU IESATENb-
HOCTH, BJIUSET HAa CUHTE3 F'OPMOHOB, UIPAET BAXHYIO POJb B BOAHO-COJIEBOM
oOMEeHe JKMBBIX OpraHM3MOB, 0003HAUEHA POJIb KAJBIUSA U IPYTHX JIIEMEHTOB.

Bo Bropom maparpade «XumMuueckre COeJUHEHHsI B )KUBBIX OpraHU3Max.
Heoprannueckue BemiecTBay 0co00€ BHUMAHUE YACIEHO XapaKTEPUCTUKE
BOJbl KaK Ba)KHEWILIEro HEOPraHWYeCKOro BeIlecTBa. 3JE€Ch aKLEHTUPYETCS
BHUMAaHHE Ha CIEAYIOIIUX MOHITHUIX: MOJSIPHOCTh MOJIEKYJIbI BOJIbI, BOAOPOIHAS
CBSI3b, TUAPO(HIIbHBIE U THIPOPOOHBIE BEIIECTBA, TYPrOPHOE JaBICHUE.

N3 oprannyeckux BemiecTB 0codoe BHUMaHue yensercs oenkam. IMeHHo
Opyu HU3y4eHUH OenKoB ujeT (OPMHUPOBAHUE TMOHATUNH «OMOJOTMYECKUN
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NOJINMEP» U «MOHOMEp». be3 3HaHus TOro, YTO MOHOMEpPaMU OEJIKOB SIBJISIIOTCS
AMUHOKHUCIIOTHI, 3HAHHS YPOBHEN CTPYKTYPHOM OpraHu3alii OEIKOBBIX MOJIEKYJT
HE MPEJCTaBISAECTCd BO3MOXHBIM H3YUYEHHE CIIOXKHEHIIEro BONPOCAa «CUHTE3
Oenka Ha pubocomax», KOTOPbII U3y4yaeTcs Jajee.

Tema «VYrneBoap» fABIETCS HAYaJIbHOM Uil (POPMUPOBAHUS LEMNOYEK
OMOJIOrO-XUMHUYECKUX MOHATHM. OfHA U3 LENOYeK MMEET BUJ JI€30KCHpU003a
(menro3a) — IHK — xpomatun (XxpomMocoma: CIHpaIu30BaHHBIA XpOMAaTHH) —
XpaHEHUE U Nepeiada HacaeICTBEHHOM HH(OopMaLUH.

IlepeueHp OHMOJOrO-XMMHYECKHX MOHITUH, (HOPMHPYEMBIX HAa OCHOBE
U3y4€HHUs NIEpBOM I1aBbl yueOHoro nocodus «buonorus. 11 kinace», 0OMMPHBIN.
OTO U BbHIIICHA3BaHHBIC TOHATHUSA, U MHOTHE JPYrHe TMOHSATHS: (EPMEHTHI,
YTJIEBObL, TUMHUbI, OMOJIOTUYECKN AaKTUBHBIEC BEIIECTBA, AKAJIOUIBI U T. II.

[Ipu popMupoBaHuM OHOJIOTO-XUMHYECKUX MOHATHI HA ypOKaxX OMOJIOTrun
B OJIMHHAJIIATOM KJACcC€ Ba)XXHO NPABWIBHO NOA00paTh METOAbl OOyYEHHS.
Yepes MeTo1bl 1 POpMBI pabOTHI ¢ YUAILIMMHUCS PACKPBIBAETCS COAEPKATEIbHBIM
acnekT ydeOHoro Marepuana. @OOpMUPOBAHHMIO TMOHSATUH CHOCOOCTBYIOT
HE TOJIBKO KJIACCUYECKHE METO/bl OOyueHHs, Takhe Kak OObsICHEHHE, Oecena,
HAOJII0JICHUE, SKCIIEPUMEHT, HO U MHHOBallMOHHbIE. OHU SIBJISIOTCSA B JIaHHOM
CUTyalluH IMyTSAMU aKTUBU3ALUN y4eOHOIO Ipolecca.

OaHuM M3 TakuX MyTed MOXET SBIATHCS MPUMEHEHHE DJIEMEHTOB
TEXHOJIOTMH MOJTyJIbHOTO 00y4eHus. Llenb MoaynpHOro 00y4eHus — 10CTHKEHNE
BBICOKOI'O YPOBHSI KOHEYHBIX PE€3YJbTATOB, ONpPEACICHUE YYaIlUMHUCA CBOUX
BO3MOXKHOCTEHM, TMOKOE TOCTPOEHUE COJAEpPKAaHUS OOydYeHHs, WHTerparus
pa3IUYHBIX €r0 BUJAOB U POopM, KOM(DPOPTHBINA TEMIT pabOThl 00y4aeMOro.

Benymue nmpuHIMITBI MOTYTEHOTO 00y4YeHUsI — MOOUIIBHOCTh, CTPYKTYpH-
3alMsl COAEPKaHUs 00yUYEeHUsl, JMHAMUYHOCTD, ICCTBEHHOCTh U ONIEPATUBHOCTD
3HaHWM, TMOKOCTb, OCO3HAHHAsl MEPCHEKTHBA, Pa3HOCTOPOHHOCTh METOJUYE-
CKOTO KOHCYJIbTHUPOBaHMs. MeToaudeckas CyIIHOCTb MOJIYJIbHOM TEXHOJOTUHU
3aKJII0YAeTCsl B MPENOCTABICHUN Yy4YallleMyCsl HEHTPAJTIbHOIO MECTa B CHUCTEME
«Y4MUTEb — YUEHUK», TEPEBOJ YYallerocs M3 COCTOSHUS O0BEKTa 00y4YeHHs
U BOCIHUTAHHUS B COCTOSSHUE AKTUBHOM NEATEIbHOCTH KaK CyOBbEKTa MKHU3HHU.
OCHOBHBIE XapaKTEPUCTUKU MOJAYJIBHON TEXHOJOIMH — MOTHUBALUS AESTElNb-
HOCTU; MAapUTETHbIE OTHOLLIEHUS YUUTENS U YYEHUKOB; BO3MOXHOCTh OOLICHHUS
C TOBapuIlAMH; OTKPBITOCTb KOHEUYHBIX  PE3yJIbTaTOB  JESATEIbHOCTH
U TapaHTHUPOBAHHOCTb HUX JOCTIKEHUS; «MSTKUID» KOHTPOJb B IIpOLEcCe
OCBOCHHMSI Y4EOHOTO COJIEp)KaHUS; MCUXOJIOTMYeCKU KOM(MOPTHBIN KIMMaT Ha
ypoOKe. YUHTelb A0DKEH TOYHO CPOpPMYIUPOBATH 1I€JIb YPOKA, 3aa4l KaxXa0ro
JTama ypoka, pa3Outh ydeOHOe cojepKaHue Ha OTAEIbHbIE JIOTHYECKU
3aBEpILECHHbIE YUeOHbIE 3JIEMEHTHI, MPOAYMATh aJITOPUTM BBITIOJIHEHUS KAXKA0TO
U3 HHUX, OINpPEACNUTh CHOCOObl  y4eOHOW  JIEATENbHOCTH  ydalluXcs,
CIIPOTHO3UPOBATh PE3yJIbTaT, MOJArOTOBUTH HEOOXOAMMOE KOJMYECTBO KOIHN
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TEKCTa ypoka (TEXHOJOTHYECKas KapTa JOJDKHA OBITh y KaKIOTO Y4YEHHKA
WM XOTs OBl Ha Kax o mapte) [3, c. 40].

VYcnoBusiMu  yCHEIIHOCTH TPUMEHEHUS JTaHHOM TEXHOJIOTHUU SIBIISIFOTCS
XOpOILIO COCTaBJICHHBIM Y4YUTEIEM MOAYJb, a TaKXKe JOCTYITHOE H3JI0KECHHE
MaTtepuaia B yueOHoM rnocoduu mno 6uosoruu. [Ipumepamu ypokoB, Ha KOTOPBIX
dbopmupyIOoTCS  OMOJIOTO-XMMHUYECKUE  TOHSTHS, TpaHC(HOPMUPOBAHHBIMU
B MOAYJb, MOTYT OBbITh YPOKM Ha TE€Mbl «XHMUYECKHE COCIUHEHUSI B KUBBIX
opranmsmax», «Heopranuueckue BelecTBa», «YTieBoAbl», «CBoHCTBa
1 QYHKIIUU OEIKOBY, «JIMmuabD.

Kpome TOro, Ha ypokax mo (HopMHUPOBaHHIO OHUOIOrO-XUMHYECKHX
MOHSATUM MOXKHO MPUMEHUTH AJIEMEHTHl TEXHOJIOTUU MPOOJIEMHOTr0 OOy4YeHUS.
[Ipu mpoOGaeMHOM 00y4YE€HHUM MPENOJaBaTelib He COOOIaeT 3HAaHUS B TOTOBOM
BHJIC, a CTAaBUT Iepe]a ydalumMmcs 3aaady (mpooiemMy), 3aMHTEPECOBBIBACT €ro,
poOYyXAaeT y HEro )KeJaHWe HAaWTH CIIOCO0 €€ pa3pelIeHus.

KitoueBbIM TOHSATHEM MNPOOJIEMHOTO OOyYEeHUs SIBJISIETCS MpoOJieMHas
cutyanusa. l[IpoOGreMHas cuTyanus — 93TO HMHTEJUICKTyaJbHOE 3aTpyJdHEHUE
YyeJIoBeKa, BO3HUKAIOIIEE B CIyyae, KOrja OH HE 3HAET, Kak OOBSICHUTD SIBJICHUE,
dakT, rmpoiiecc 1eHCTBUTEILHOCTH.

[IpobGnemHas cutyarusi B 00y4eHHH UMEET 00YUaloIyt0 IIEHHOCTh TOJIbKO
TOTJIa, KOT/Ia MpeJlaraéMoe YUYeHUKY MpoOJIEMHOE 3aJlaHue COOTBETCTBYET €ro
WHTEJUIEKTYaJIbHBIM BO3MOKHOCTSIM, CIIOCOOCTBYET MPOOYKIACHUIO Y 00yUaeMbIX
YKEJIaHUSI BBINTH U3 3TOM CUTyalld, CHATh BO3HHKILIEE IPOTUBOPEUHE.

Hampumep, mpu mnepexoje K ydyeOHOMY MaTepHally ypoka Ha TeMy
«Ctpoenne u ¢pynkuun PHK. AT®» M0XHO co31aTh TPOOIEMHYIO CUTYaIUIO
nyTeM mnoctaHoBku Bompoca «Kak Bl nymaere, sBisitoress im PHK n AT®
HYKJICMHOBBIMM ~ KHUCJIOTaMH?». Yuyaliuecss MOTYT BbICKa3aTh HEKOTOPHIC
MPENOJIOAKEHUS IO TTOBOYy JAaHHOTO BOMPOCA, HO TOYHBIM OTBET CMOTYT JaTh
TOJILKO B KOHIIE YpoKa. JIJist OTBETa Ha TaHHBIN BOMPOC HY>KHO U3YYUTh CTPOCHHE
PHK n AT®, noHsATs NPUHIMOHUAIBHYIO Pa3sHULY MEXKIy HUMH, a TaKKe
BCIIOMHUTB ONPEICIICHUE HYKJIEUHOBBIX KUCIIOT.
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HUHTET'PAIIASI BOITPOCOB XUMW3AIINU CEJIBCKOT O
XO3SMCTBA B IIKOJIbHBIN KYPC XUMUU

[Ipy M3ydyeHNM XMMUU PACKPBIBAETCS POJIb ECTECTBEHHBIX HAYK B COBEP-
[ICHCTBOBAHUU TEXHOJIOTUM, CIOCOOCTBYIOIIMUX MPOTPECCUBHOMY M YCTOM-
YUBOMY Pa3BUTHUIO YEJIOBEYECKOro oOmiecTBa. M3yueHue BOIpOCOB XUMU3ALMH
HE00XOIMMO BECTH Ha OCHOBE 3HAHUI 0 3aKOHOMEPHOCTAX TEUEHU XUMHUYECKUX
peakinii, YTO COCOOCTBYET OCO3HAHHOMY BOCHPHUATHIO MaTepHalia: y4alluecs
HE MPOCTO 3ayYMBAIOT CBOMCTBA BEIIECTB M YCIIOBUSA TEUYECHHS XMUMHYECKUX
IIPOLIECCOB, a MPOTHO3UPYIOT UX HA OCHOBE 3HaHUA Teopun. Ha ocHOBaHMHU 3TOTO
B IIKOJIbHYIO MPAaKTUKy Hadald BBOJUTHCSA (PaKyJIbTAaTUBHBIE KYpChI, TaKHE
Kak «XuMHUS B IPOMBILUICHHOCTH», «XHMHS B CEJIBCKOM XO3SHCTBEY,
o0ecrnieunBaoIIye yrioyOleHne 3HaHu| O MPOMBIIIIEHHBIX CIIOCO0aX MOIyYESHHUS
NOMYJIIPHBIX HEOPTaHWMYECKHMX M OpPraHUYEeCKUX BEIIECTB, POJIM XUMHHU
B PEILLICHNN CEJIbCKOXO3SMCTBEHHBIX 3a71a4. Pa3BUBaIMCh HABBIKU IPAKTHYECKOTO
HKCIEPUMEHTA, CIIOCOOCTBYIOUINE CONMKEHUIO TEOPUH C ITPAKTUKOIA.

N3ydyeHne BOMPOCOB XMMH3ALMM CEJIBCKOIO XO3sHCTBa B 00I111€00pa3o-
BaTEJIbHOM IIKOJIE MOCTOSHHO MPUBJIEKAIIO BHUMAaHUE METOIUCTOB U YUUTENEH.
[IpeanpuHUMaNMCh TONBITKH OOECIEUEHUs Yy4allluXCsl arpoXUMUYECKUMHU
3HAHMSIMU M YMEHUSMH HA BHEKJIACCHBIX 3aHATHSX, C  TOMOUIBIO
IIPOU3BOJICTBEHHOM NPAaKTHKMA B CEJIILCKOM Xo3sucTtBe. CeromgHs srTa 3amada
YCHENIHO pelraercs 0jaaroaapsi BBEAECHUIO MPOPUIBLHOTO 00pa30BaHUsI.

CoBpeMEHHOE CEIIBCKOE XO3SIMCTBO CTAJKHUBAETCA C PAIOM BBI30BOB,
BKJIIOYAsl POCT HACEJIEHHUsd, W3MEHEHUE KJIMMaTa, MCTOUIEHUE MPUPOIHBIX
pPECYpPCOB M HEOOXOJMMOCTH MOBBIIICHUS MPOJIOBOJBLCTBEHHOW 0€30MacHOCTH.
B ycnoBusix rino6anm3anuu U CTpPEMUTENBHOTO HayYHO-TEXHUYECKOT0 IIporpecca
XUMU3ALMS CEJIBCKOTO XO3SIMICTBA CTAHOBUTCS BAXKHBIM HHCTPYMEHTOM IS
pemieHuss 3TUX MnpoOiaemM. XuMH3alMs BKIIOYaeT B ce0s HCHOJIb30BaHUE
XUMHUYECKHUX BEIECTB, TAKUX KaK YJOOpPEHMs, TECTULIUABI U PETYJISITOPBI POCTa,
HEOOXOJUMBIX JJIsl TOBBIIMICHUS MPOJYKTUBHOCTU CEJIbCKOXO35HCTBEHHBIX
KyJbTyp W 3alluThl MX OT BpeauTened u Oosie3Held. OaHAKO, HECMOTPS
Ha OYEBUIHBIE MPEUMYILIECTBA, ATOT NPOLECC TAKKE BBI3BIBAET MHOKECTBO
AKOJIOTUUECKUX M COLMAIBHBIX TpoOJieM, TpeOyrommx TriIyOoKoro aHaiau3a
Y KPUTHUUYECKOTO ocMbIcienus [1, ¢. 263]. B cBs3u ¢ 3TUM UHTErpanus BOMPOCOB
XUMU3ALKMKA CEIbCKOTO XO34MCTBA B IIKOJIBHBIM Kypc XMMHH IPEACTABIISAETCS
aKTyalbHOW M HeoOXoaumou. M3yueHue XuMHU3alMu CeIbCKOro XO3sCTBa
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B KOHTEKCTE IIKOJIBHOIO Kypca XHMHHM IIO3BOJSIET YYalIMMCS OCO3HATH
3HAYMMOCTh XMMUYECKUX 3HAHUM B IPAKTUUECKOMN KU3HH.

OOpa3zoBaHue UrpaeT KIIOYEBYIO POJb B (DOPMUPOBAHUH IKOJIOTHUCCKU
CO3HATEJIBHOTO OOIIECTBA, CIOCOOHOIO MNPUHMMATH B3BEHICHHBIC PpEIICHUS
o OyayieM MpoaAOBOJILCTBEHHON 0€30MacHOCTH U 00 YCTOMYMBOM DPa3BUTHHU.
BxiroueHue TteM, CBSI3aHHBIX C XMMHU3AIUEH CENbCKOro XO3sICTBA, B yueOHBIE
OporpaMmMbl IO XHUMHH MOXET HE TOJbKO OOOTaTUTh 3HAHUS YYalluXcs
O XMMHUYECKUX MpOIeccaXx, HO U Pa3BUTh y HHUX MOHUMAHUE B3aMMOCBS3U
MEXIY HayKOW, TEXHOJOTHUSMHU M peaTbHBIMH MPOOJIEMaMH, C KOTOPBIMU
CTaJIKUBaeTCs 001IecTBO [2, ¢. 143]. Yuamuecs 3HaKOMSTCS TaJICKO HE CO BCEMH
BOIIPOCAMHU XUMU3AIUU CEIBCKOT0 XO034MCTBA, a JTUIIb C TEMHU U3 HUX, KOTOPHIC
BKJIIOUEHBI B COJIep)KaHUE YUeOHOro Kypca XUMHH, HE BBIXOJST 3a MPEIeibl
y4eOHOM mporpaMMbl W BIIOJHE JOCTYMHBI JJIsi HUX, T. K. IJIaBHas 3ajaya
00111e00pa30BaTEIbHOM CpeTHEN MIKOJIBI — 00ECTIEUUTh YCBOCHUE OCHOB XUMHUMU.

B mkonpHOM Kypce XMMUU K OCHOBaM XMMU3AIMU CEIBCKOTO XO35HCTBA
MO>KHO OTHECTH CJIEYIOIIUE BOIPOCHI:

1. XuMuyeckuii CcOCTaB TIOYBBI, a TaKXe TMPOIECChl H3BECTKOBAHUS
Y TUTICOBAHHUSI TIOYBBI, UX 3HAYCHUE U XUMUYECKAS CYIIHOCTb.

2. BusHue Ha pa3BUTHE PACTECHUN XUMHUYECKUX DJIEMEHTOB: YIJepoja,
a3oTa, pocdopa, Kajaus, KUCI0pOoaa, BOJOPO/a.

3. Haubonee pacnpocTpaHeHHbIE MPUPOIHBIE COCAMHEHHS BaXKHEUINIHX,
HEOOXOIUMBIX JIJISI CEBCKOXO035MCTBEHHBIX PACTEHUN XUMHUUECKUX 2JIEMEHTOB.

4. KpyroBopoT B MpuUpOJE KHCIOpOJa, a30Ta, yriepoja U JAPyTrux
XUMHUUYECKUX DJIEMEHTOB, HEOOXOIUMBIX /ISl CEJIbCKOXO03IMCTBEHHBIX PACTECHU;
POJIb PACTEHUI U )KUBOTHBIX B 3TOM KPYTrOBOPOTE XUMHUYECKUX AJIEMEHTOB.

5. ®oTocuHTE3, €ro 3HAYEHUE U CYITHOCTD; POJIb PACTEHUHN U KUBOTHBIX B
CUHTE3€ yTJIEBOAOB, JTUMUIOB U OEIKOB.

6. MunepanbHble ynoOpeHHs (WX COCTaB, 3HAYCHHE M XUMHYECKas
CYIIHOCTh MPOU3BOJICTBA).

/. XUMHUYECKHE PETYNATOPhl POCTa U PA3BUTHS CEIHCKOXO3SHCTBEHHBIX
PaCTEHUMN.

8. Baxkueiinirie XuMu4deckue cpeicTBa 00pbObI ¢ O0JIE3HIMU U BPEAUTEISIMU
CEJIbCKOXO03SUCTBEHHBIX PACTEHUH (MX COCTaB, CBOWCTBA M BIMSHUE HA OPTAaHU3M).

9. Xumnueckue crnoco0sl 60pHOBI ¢ 00JIE3HAMH U BPEIUTEIIMU PACTCHUN
(IpoTpaBiIMBaHUE CEMSIH, OKypPUBAHUE U XUMHUECKas MPOIOJIKA).

10. Xumuueckass mnepepaboTKa  CebCKOXO3SMCTBEHHBIX  MPOIYKTOB:
CYIIHOCTh MPOM3BOJACTBA caxapa, Kpaxmala, THAPOJM3HOTO CIUPTa, MbLIA,
a TaKXe NepepadOTKU KIJIETYATKH, )KUPOB, OCITKOB U T. 1.

Ha mnpumepe wusydenuss tembl «(OcCHOBHbIE KIACCHI HEOP2AHUYECKUX
coeounenutiy (8 Kilacc) paccMaTpMBaeTCs 3HAUYCHHE HEKOTOPBIX  COJICH
(XJIOpUCTHIN Kalui, aMMHauHas CEJIUTPA) B CEJIbCKOM XO3SIICTBE B KauyecTBE
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MUHEPATBHBIX YIOOPEHUN, a TaKk)Ke HCIOJb30BAHHE PA3IMUYHBIX COJICH, TaKuX
KaK MEJIHBIN M KEJIC3HBIA KYIIOPOC, XJIOPUA Oapwsi U JIp., B KAU€CTBE XUMHUIECKUX
CPEACTB 3AIUUTHI OT BPEAUTEIIEN CEIbCKOX03SIMCTBEHHBIX KYJIBTYD.

Haunbonee oOmmpHbI MaTepuasn JUisi M3y4YeHUS] OCHOB XHUMM3AIUU
CEJILCKOTO XO3sHCTBa MPEJCTaBIeH B TeMe «Azom u ¢pocgopy (9 knace). 3nech
yuuTeNb OOBACHSET 3HAaUCHHE a30Ta JJIsl PACTEHUHN U €r0 KpyroBOPOT B MPUPO/IE,
3HAKOMUT C OpPraHMYEeCKUMH W MHHEPAJIbHBIMH YJIOOpEHUSMH, YICISIET
BHUMAaHHE OCHOBHBIM a30THBIM YJIOOpEHUSM (aMMHA4YHOU CEIUTpE, CyibdaTy
aMMOHMUSI, HATPUEBOM U KaJIbIMEBOM CEIIUTPE), a TAKXKE MOAYEPKUBACT BAXKHOCTD
dbochopa U ero coequHEHUM ISl pacTeHUM, oOCyk aasi KUCIOTHOCTH IMOYBBI
Y BIUSIHUE yIOOPEHUI HA MTOYBBI C PA3JIUYHON KUCIOTHOCTBIO [3, ¢. 544].

Martepuan 00 0OCHOBaX XMMHU3ALMH CEIbCKOTO XO341iCTBAa HE T0OABIISIETCS
B KypC HCKYCCTBEHHO, a €CTECTBEHHBIM O0pa3oM paCKpbIBAETCS B paMKax
y4eOHOM mporpaMmbl 1o XUMuHM. OH YTOUHSIET YK€ CYILIECTBYIOIIUE B TPOrpaMMe
BOIIPOCHI U, TaKUM 00pa3oM, CIOCOOCTBYeT MX OoJiee riTyOOKOMY YCBOCHHIO.
VYuutenb XUMHH TOCIEA0BATENIBHO CBS3bIBAET YUEOHBIN MaTepuas ¢ BOIPOCAMHU
CEJIbCKOXO3SIICTBEHHOTO  MPOM3BOJCTBA, IIOCTENIEHHO PACKpbIBasl MEpen
yYalMMUCS HayYHbIE OCHOBBI XUMHU3AIIMH 3TOTO IIpoliecca.

BaxxHbIM acmeKkToM HHTETpaly BOIPOCOB XHMHU3ALUU CEJIHCKOTO
X035IUCTBA B yUEOHBIN MPOIIECC SIBISIETCS MEKIUCIUILTMHAPHBINA MOAXO0A. XUMHUS
TECHO CBsi3aHa C OWOJIOTHEH, JKOJIOTMEM U SKOHOMHUKOW, 4YTO OTKPHIBACT
BO3MOXKHOCTH JIJII CO3JIaHUS KOMIUIEKCHBIX OOpa30BaTENbHBIX IPOrPAMM.
Hampumep, u3ydenue BIUsHUS yIOOpPEHU HA POCT pacTeHHM TpeOyeT 3HaHUU
HE TOJIBKO O XMMHUYECKUX PEAKIUAX, HO U O (PU3UOJOTUU PACTEHUN U B3aUMO-
JEUCTBUSX JKUBBIX OPTaHU3MOB B dKocucTeMax [4, c. 384]. Jlist Gonee riryObokoro
NOHMMAaHUsl OCHOB XHMMM3aLMU CEJIbCKOIO XO34WCTBAa 3aWHTEPECOBAHHBIC
yyalygecs MOTYT CaMOCTOATENbHO MPOBOAMTH HAay4YHbIE HCCIEIOBAHUS
Y CO37aBaTh MPOEKTHI.
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UHTETPALIUSI XUMHUYECKHUX 3HAHUM
ITPU CTAHOBJIEHUUM UHXXEHEPA-AT'PAPUS

B Hacrosimiee BpeMs IIUPOKO HCIOJIB3YIOTCS — 00pa3oBaTelIbHbIE
TexHonornud. OJHAaKO TPUMEHEHHWE UWX Ha TNPAKTUKE HE BCErga MOaeT
MOJIOKUTENbHBIA PEe3yibTaT MO psly NPUYUH. B OCHOBHOM 3TO NPUYUHBI
TEXHUYECKOTO XapakTepa, BO3HHMKAIOIIME MPHU HCIOJb30BAaHUM COBPEMEHHOM
TEXHUKH WIM JIabOpaTOPHOrOo OOOpYJOBaHUS, TPEOYIOUIUX OIMPEIEeTICHHBIX
HAaBBIKOB IIPU BBINOJHEHUU KakuX-muOo 3amanuid. C JOpyroil CTOPOHBI,
BO3HHMKAIOT MPOOJEMBbI, CBA3aHHBIE C YPOBHEM NOJATOTOBKM CTYJIEHTOB MpHU
BHEJPEHUN TOW WJIM MHOW TEXHOJIOTHUHU.

OpHoM U3 COBPEMEHHBIX O00pa30BaTENIbHBIX TEXHOJOTMM SABIAETCS
JTUCTaHLIMOHHOe oOyuenue. Ero cnemyer paccmarpuBaTh B 0OLIEH cucteme
oOpa3oBaHMsI KaK CHCTEMY HENPEPHIBHOTO 00pa3oBaHus, IpeaycMaTpuBas
TEM CaMbIM IIPEEMCTBEHHOCTb OTACJBHBIX €€ 3BEeHbeB. OpraHuzys y4yeOHbIN
IPOLECC JUCTAHIIMOHHO, HEOOXOIUMO MPEKE BCETO OMPEAETUTHCS ¢ BBIOOPOM
NEJarOru4eckoro, JUJAKTUYECKOr0 IOJAX0Ja K CHCTEME JUCTaHIMOHHOIO
oOyuenusi. Kpome Toro, mpuxoautcs mpuHUMaTh BO BHUMaHHUE TOT (PakT, 4To
JTUCTaHIIMOHHAs (popMa 00ydeHHs BecbMa crieu(uyuHa U TpeOyeT CrelaIbHOM,
LECJICHAIIPABJIICHHOM  TE€IaroruuyecKOM W TCUXOJIOTUYECKOM  MOATOTOBKH.
DTO Kacaercss HE TOJbKO oOydarommxcs, HO M oOydaromero. Ilostomy
B KOMIUIEKT HWH(OPMAIMOHHO-00pa30BaATEIbHON CpeAbl JUCTAHIMOHHOTO
oOy4eHHs] 1eJecO00pa3HO BKJIIOYUTH MMOCOOHS, B KOTOPHIX B JIOCTYIHOM,
nonyJisipHoit hopme ObLITN Obl MOKa3aHbl 0COOCHHOCTH JEATEILHOCTH B ceTsX [1].

OpHako YUCTO AUCTAaHLMOHHAs opma oOyueHHUs HE Bcerja npuemsema,
MOCKOJIbKY (DOpMUpPOBaHHE HEKOTOPHIX HABBIKOB, YMEHHH MpeayCMaTpUBAET
ounyto hopmy obmieHus. Takass HEOOXOUMOCTh BO3HUKAET M3-3a:

— 1a0opaTOpHBIX PabOT, CBA3AHHBIX C U3YUEHHUEM CIIOKHOTO WU OMTACHOTO
000OpyZI0BaHUs, KOTOPbIE MPOCTO HE MOTYT BOUTH B DJIEKTPOHHBIA KypC
13-3a CBOEH crienuuky;

— CEMHUHAPOB 110 KOMIUJIEKCHBIM ITpo0iiemMam;

— 3alUThl MPOEKTOB, KOTOpas TakKKe MPEIIOoJiaraeT »UBOE OOIlEeHUE
C KOMHCCHEH;

— KBaJTU(UKAIIMOHHBIX IK3aMEHOB [1].

[TonbITKM TpUMEHEHHS AUCTAHIIMOHHOTO O0YYEHUS MPU U3YUYCHUH XUMUHU
B benopycckoM rocynapCcTBEHHOM arpapHOM TEXHUYECKOM YHHUBEPCHUTETE
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ObUIM MPENUPHUHATH M3-3a MNaHAEMHH KopoHaBupyca. Jlo 3Toro 3aHsATUA
N0 JAUCUUIUIMHE «XHUMHS» BEIUCh B TPAJAULMOHHOM OYHOM ¢opMmarte
C HCIOJb30BAHMEM JIEKIMOHHOTO Kypca M JIa0OpAaTOPHOIO MPAaKTUKyMaA.
Bo3nukinas cutyanusi mnokasajia, 4To y CTyJCHTOB JHEBHOM (opMbl 00yueHuUs
BO3HHUKAIOT OTPOMHBIE TPYTHOCTH C BBITIOJIHEHUEM BUPTYaJIbHBIX JTA0OPATOPHBIX
pabot. Takoi BapuaHT Npe/Ioiarai, YTO OHU BBIOJHSAIOT YKCIIEPUMEHTATIBHYIO
4acTh C OTPHIBOM OT XUMHYecKoM mabopatopuu. OpHako, HECMOTps
Ha BO3MOXXHOCTb palboTaTh B TakoM ¢opmare, MHOTHE BCE K€ MPEeArouIH
peaipbHyl0 XMMHUYECKyro Jaboparoputo. Iloaromy mombITkKa  cO31aTh
BUPTYAJIbHYIO JIA0OpATOPUIO, TJI€ HAIUIM COYETAIUCHh Obl BUIUMBIE MPU3HAKU
XUMUYECKUX PpPEAKUUHA U BO3MOXHOCTb  HCIIOJIb30BAHHUSI  COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJIOTUM, Ha Kadeape He yBeHYanach ycnexoM. Bo MHOrom
TaKasi CUTYallHsl CJIOKHIACh U3-32 HU3KOM KOMMYHUKAIIMU B CETAX U HEXKEIAHUS
WM HEBO3MO>KHOCTH €€ TIOBBIIIATb.

Jlpyroi NOpUYMHON  HECOCTOSATEILHOCTH JUCTAHIHMOHHON  (DOPMBEI,
Ha Hall B3IV, SIBUICS MPAKTUKO-OPUEHTHPOBAHHBIM MOAXOJM, KOTOPBIM HpH
BBINIOJIHEHUH J1a0OpaTOPHBIX pabOT mpeirnoaraeT NpuoOpeTeHHe HEKOTOPBIX
HAaBBIKOB WJIM HAOJIOCHUE IPU3HAKOB PEAKIMU. J{JIs CTYIEHTOB arpapHbIX By30B
3TOT (akT Takke HemanoBaxeH. [loaTomy nabopaTopHbIi MpakTUKYM, 3a1adeit
KOTOPOTO SBJSIETCSI GOPMUPOBAHUE Y CTYIEHTOB NPAKTUYECKUX HABBIKOB PaOOTHI
c 00opyIoBaHMEM, IOJy4YE€HHUS U OOpPaOOTKM 3KCHEPHUMEHTAIbHBIX JIaHHBIX,
YMEHUH IUIAHUPOBATh HKCIIEPUMEHT, aHAIIM3UPOBATh U COMOCTABIIATH MTOJYYEH-
HbIE PE3YJIbTaThl C JINTEPATyPHBIMU JaHHBIMH, B JAHHOM CJIy4ae TOXE ChIrpall
CBOIO DPOJIb. YCTOSIBIIMICS HAOOp 1a00paTopHBIX pPadOT, KOTOPBIA TOJKEH
OMOYb CTYACHTY Ooijiee 3(PPEKTUBHO YCBOUTh HEKOTOPBIA TEOPETUUYECKUN
MaTepHal U BbIpadOTaTh ONPEICIICHHBIE HABBIKM MPAKTUYECKOTO BBIMOJIHEHHUS, —
3TO, MOXAaIyH, caMas KOHCEpBaTHBHAs YacTh OOpa30BaTENIbHOIO IMpoIllecca,
T. K. MpUIyMaTb YTO-TO HOBOE ISl TMPUOOPETEHUS HABBIKOB, YMEHMIA
Y KOMIETECHIIUM HE OYEHb JIeTKO [2].

[IposiBUsIaCh HECOCTOSITENILHOCTh JlaXke JJsi padoT, B KOTOPBIX BaKHBI
HAOJIIOJIEHUS 3a MpOLECCaMU, MPU3HAKAMH PEaKIUil, HalpuMep UCCIIEIOBaHUS
N0  W3YYCHHIO  OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX U HOHOOOMEHHBIX
peaKUuuii, TUIPOIU3A COJIEW, II0 MU3YYCHUIO pPsAda HaNpsHKEHUW METaJUIoB,
KOPPO3HH METAJIJIOB.

Taxoxe cTpagatroT paboThl (HU3UKO-XUMHUUECKOIO IJIaHa, PU BBITIOJHEHUH
KOTOPBIX HEOOXOJMMO UCIOJIb30BaHUE MPUOOPOB: OINPEICICHUE TEIIOBbIX
b (dexToB peakiuii, U3yuyeHHEe CKOPOCTHU PEaKlUU, TPUTOTOBJICHHE PACTBOPOB
U ONpENeNCHNEe MX KOHUEHTpauuu [2]. B Takux wuccienoBaHUSX CTYJICHTHI
BbIPa0AThIBAIOT HABBIKM PaOOThl C MPUOOpPaMHU, PACCUYUTAHHBIMM HA TOYHOE
U3MepeHue, Hampumep, O00bEMa, MaCChl, KOJWYECTBA TEIUIOThI, MOITOMY
B MX BBINOJHEHUU BUPTyaJIbHOE MPHUCYTCTBUE HeyMmecTHO. Kpome Toro, Takue
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paboThI, KaK PABUIIO, MOYKHO CY3HTh JI0 TPYIIIHI B IBAa YEJIOBEKA, YTOOBI KaXKaas
TpyIlia BBIMOJHSIA WHAWBUIyAIbHOE 3adaHue. Hampumep, mis onpeaeieHus
MOJISIPHOM KOHIIEHTpAILIMKM 3KBUBAJIEHTa pacTBopa Iienouu B pabote «CrnocoOs
BBIPOKEHUSI COCTaBa PAcTBOPOB» CTYNEHTHI benopycckoro rocyaapcTBEHHOTO
arpapHoro TEXHUYECKOTO YHHBEPCHUTETa IOJIy4arOT PAaCTBOP C HEU3BECTHOMU
KOHIIEHTpAIMEH U BITAIOTCS C MOMOIIbIO OJJUHAKOBON METOJIMKHA HAWTHU TaHHYIO
KOHIIeHTpaluio. OIHAKO BpeMs BBIMIOJHEHUS OIbITA U €ro pe3yJbTaT Y Kaxaou
Ipyninbl MOXKET OBbIThb pa3HbIMH. [l0PTOMY nJisi OIIEHKM CBOETO BBIMOJHEHUS
CTYJIEHTbI pPACCUUTHIBAIOT OTHOCUTEIBHYIO U A0COJIOTHYIO OIIHOKH.

[TopTOMy, HecMOTpsSs Ha TO YTO COBPEMEHHbIE MYJIbTUMEIUNHbBIC
TEXHOJIOTHUH TIO3BOJISIOT PEAM30BBIBATH JIOOBIE (DOPMBI IKCIIEPUMEHTATHLHOM
NEeATEeTLHOCTH, UCIOJb30BaHUE ayTUTOPHON (POPMBI BBHITTOJTHEHHS MPAKTUKyMa
MO3BOJISICT Pa3BUTh HABBIKM M YMEHHS y CTYACHTOB JUIsl 0oJjiee ITHUPOKOTO
hopMHUpPOBaHUS KOMIIETSHITUN OyayIIEro CrelnaincTa.
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XUMHNYECKHUE DJKCIIEPUMEHTAJIBHBIE 3ATAYN
B OBPA3OBATEJIBHOM NPOLHECCE

XuMHueckas 3KCIepUMEHTalbHAs 3a7adya — 3TO MOJIeNb MNPOOJIEeMHON
CUTYallUM, PpEIICHHWE KOTOpPOM, B OTIMYME OT pPACUETHOM 3ajaud, Tpedyer
OT OOy4YaromIMXCAd HE TOJIBKO MBICIUTEIbHBIX, HO U MPAKTUYECKUX IEHCTBUN
Ha OCHOBE 3HAHUS 3aKOHOB, TEOPUUA U METOJIOB XHMHH, HampaBiieHHas
Ha 3aKperuieHHe, pacuIMpeHHe 3HAHUW U Pa3BUTUE XUMHUYECKOTO MBIIUICHHUS.
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Pemenne sSKCHepUMEHTATIBHOM 3a/Jaud MPEANoJIaraéT HE TOJIBKO HaJIU4He
y CTYIACHTOB OIPEACIICHHbIX TEOPETUYECKHX 3HAHMM, HO W BIAJCHUE
COOTBETCTBYIOIIMMH HaBbIKAMH XMMHUYECKOIO SKCIIEpUMEHTa. B xone pemenus
TaKUX 3a7a4 CTYJEHT IMPOJIOJDKAET PACHIUPITh W YIIyOJIsATh CBOM 3HAHUS
[0 XMMHH, @ TAKKE COBEPIICHCTBYET CIICIIMAIbHBIE YMEHHS B IPOBEIACHUU
XUMUYECKHUX OIBITOB, TPUBBIKAsl IPUMEHITh CBOY 3HAHUA HA MpakTuke [1; 3].

Ocobast posb AKCIEPUMEHTANBHBIX 337a4 B TOM, YTO OHU (POPMHUPYIOT
HAaBBIKM  CAMOCTOSITEIBHOM  paboThl  OOydYaroummxcsi, MpPUYyYarOT  UX
K aKKypaTHOCTH, COBEPILIEHCTBYIOTCSI BHUMaHUE, HA0JII01aTeIbHOCTb.

XUMHUYECKHI SKCTIEPUMEHT 3aHUMAET BaXKHOE MECTO B OOYUEHHH XUMUHU.
[Ipy BBINOJHEHUU OMNBITOB yYalIUMECS HE TOJBKO OBICTpEE yCBAaMBAIOT 3HAHUSA
O CBOMCTBax BEILIECTB U XMMHUYECKHUX MPOLECCaX, HO U ydaTcs MOANEPKUBATH
3HAHMS XMMHYECKUMHU ONbITAMH, & TAKXKE IMPUOOPETAOT yMEHHsS padoTaTh
caMmocTosaTeabHO. CTYyJIeHT, TPOBOIASAIINM ONBITHI M HAOIIOJAIOITUN XUMUYECKHE
NpEeBpallleHUs] B PA3IUYHBIX YCIOBUSAX, YOEKIAETCA, YTO CIOXHBIMU
XUMUYECKUMH MPOLIECCAMH MOYXHO YIPABISITh, YTO B SBJICHHUSIX HET HHUYETO
TaHCTBEHHOI'O0, OHM IOAYMHSAIOTCA €CTECTBEHHBIM 3aKOHaM, II03HAHUE
KOTOPBIX 00€creYrBaeT BO3MOKHOCTh IIMPOKOIO HMCIIOJIb30BAHUS XUMUYECKUX
MPEBPAILCHAN B MPAKTUYECKOW NEATENbHOCTH 4enoBeka [2]. HeBo3moxkHO ee
U3YYEHHUE TOJIBKO B TEOPUHU. 3HAHUE OCHOBHBIX 3aKOHOB U TEPMHUHOB OYEBH]THO,
OJIHAaKO IPH IOJIHOM II€pEX0/Ie Ha TEOPETUYECKOE U3YyUYEHUE TAHHOIO IPEeIMETa
Cpa3y K€ CHWXXAETCS KadyeCTBO 3HAHUU. DKCIIEPUMEHT B IPENOJABATEIbCKON
JIESITEJIbBHOCTH BBICTYIIAET HE TOJIBKO KaK OOBEKT, HO M KaK CPEJICTBO OOYUYCHHUS.

DOKcnepyuMeHTaIbHbIE 337a4d B OOJBLION CTENEHW pelarT 3aJadu
0o0pa3oBaTEILHOIO TMPOIECCa, CBA3AHHBIE C TMPAKTUYECKOM MOJTOTOBKOM
CTYJI€HTOB.

Ha kadenpe OuONOrMM pacTeHUH W XUMUU MPU HU3YYEHUU XUMHUU
B 3aBHCHMOCTHU OT COJEP>KAHMS U XOAa MPAKTUYECKOTO PEIIEeHUsI MPUMEHSIOTCS
pa3JINYHbIE BAPUAHTHI SKCIIEPUMEHTAIIBHBIX 3a11a4 [2; 4].

Ilonyuenue u ceoiicmea geutecme. OOGHEKTOM U3YUEHUSI XUMUU SBIISIOTCS
BemecTsa. 1lo3ToMy HMX mojydeHHE B YMCTOM BHJIE — OJHA M3 OCHOBHBIX
3aa4 XMMHYECKOr0 3KCIEpUMEHTa. B 3aBucuMoOCTH OT crocoba MoidydeHHs
BEIIECTBA ATOT THUMN OJKCIEPUMEHTAJIBHBIX 33a4 MOXHO MOJPa3IeiuTh
Ha BapUAHTHI:

a) MOJIyYEHHUE BEIIECTB XUMUYECKUM ITyTEM;

0) moryyeHue BEUIECTB BbICIIEHUEM UX U3 CMECEH.

Kaxxnplii U3 3THX BapUAHTOB TaKK€ MOXKET MMETh HECKOJIbKO BEpCHH,
HalpuMep, TMOJYyYEHUE YUCTOrO BEUIECTBA METOJAOM BO3TOHKHM OEH30HOM
KHUCIIOTBI TpeJnoJiaraeT MpUMEHEHHe JHIb (puanyeckux MeroaoB. OIHaKo
JUIST OYMCTKHM XJIOpHJAa HATpUsi OT TIpuMeced xjopuaa Oapus moTpeOyercs
MPOBEICHUE XUMHUYECKON peakiuu (OcaxklIeHue XxJjiopuaa Oapus cyibpaTom
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HaTpus). bonpmioe 3HadeHwme wmMeer (GOPMHPOBAHWE Yy CTYISCHTOB YMEHUU
OMUCHIBATh CBOMCTBA BEILIECTB, ONMPENIEIATh UX CXOACTBO U paziaudue [4].

Ilpuzomoenenue pacmeopos. IlpakTrudeckoe peuIeHUE 3TOrO TUIIA 3a7a4
B TUTPUMETPUUECKOM aHaJIM3e TPeOyeT OT CTYJACHTOB HE TOJBKO 3HAHUS
TEOPETHYECKOr0 MaTepuajia O Crhocof0ax BBIPAXKEHUsSI COCTaBa PAacTBOPOB
W YMEHHS MPOBOJUTH HYKHBIE PAcyeThl, HO TaK)XE€ OMNPEACICHHBIX HABBIKOB
paboThI ¢ peakKTUBaMHM, BECaMHU, apeoMeTpaMu, Iocy 101 U T. A. B 3aBucumMocTtn
OT BHUJA pPacTBOpa, KOTOPHIH HEOOXOIUMO IMPUTOTOBUTH, JAHHBIA THUII 3aaad
HMMEET MHOKECTBO Pa3JIMYHBIX BAPHAHTOB.

Pacno3nasanue u uoenmuurkayus eeuiecme, UOH08, PYHKUUOHATbHBLX
2pynn, cmeceii 4 m. 0. B 3aBUCUMOCTH OT YPOBHSI 3HAHUM CTYZECHTBI JOJDKHBI
HE TOJIBKO YMETH MOJy4aTh OMPEIACICHHBIE BEIIECTBA, HO U PACMO3HABATH HX;
JIOKa3bIBaTh HAJIMUKME T€X WJIM MHBIX MOHOB B pacTBOpE (KaueCTBEHHBIN aHAIIN3),
HaJu4yue MpuMeceid B BEUIECTBAaX, OMNPEACNATh (YHKIUOHAIBHBIE TPYIIIbI
WU, HA00OpOT, YCTaHABIMBATH UX OTCYTCTBHME W T.J. BapuaHTOB IaHHOTO
THMA 33a4 JOCTaTOYHO MHOTO.

Komounuposannsie 3a0auu. IKCriepUMEHTAIIbHAA 3aJl1aya MOXXET COJIEp-
YKaTh HECKOJIBKO 3aJ[aHul, HAPUMEP, HEOOXOIUMO TOTYYUTh JAaHHOE BEIECTBO,
UJISHTU(PUITMPOBATH €0 M MPOJIeaTh XapaKTepHbIe XUMUUECKUE PEaKIIUH.

DKCIEpUMEHTANBHBIE 33J]Ja41 MOKHO PEIIaTh B BUAE JEMOHCTPALMOHHOTO
OMbITa, B BHUAC (PPOHTAIBHOM (POPMBI peIICHHsS 3ajlad, B KaueCTBE JKCIIEpPHU-
MEHTAJIBHBIX KOHTPOJIBHBIX Pa0OT MIJIM BOMPOCOB, KaK JOMaITHEee 3aaHue U T. 1.

bosb110i1 HHTEpEC y CTYIEHTOB BBI3BIBAIOT 3a/1aHUS, CBSI3aHHBIE C TEOPUEN
pPacTBOPOB B MPUJIOKEHUH K KU3HEACATECIBHOCTU KJIETKU. [Ipn M3ydeHnn Tembl
«onnble npoueccol, pH pacTBOpoOB» CTyI€HTaM B XMMUYECKOM SKCIIEPUMEHTE
npearaeTcss OMNpeAeanuTh KUCIOTHOCTh MOJIOYHBIX MPOAYKTOB, (PYKTOB
M OBOLIEW € NOMOIIBIO MOHOMepa. Mcmosb3yss XMMHYECKHM SKCIEPUMEHT
Mpy U3y4eHuu pasznena «HeopraHnueckass 1 aHAUIUTUYECKAs XUMHUS», CTYICHTBI
JIETY€ YCBAUBAIOT TEOPETUUYECKUE OCHOBBI M HABBIKA AHAIMTUYECKUX OIEpaluii,
HEOOXOIMMBIX JJIS aHallu3a MHHEPAIBHBIX YI0OpEHWH, IECTUIMAOB, IIOYB,
KOPMOB U JIPyTUX 00BEKTOB [4].

BrITIONTHAA ~ XMMHYECKHM AKCIIEPUMEHT, CTYACHThl arpOHOMHYECKHUX
CIIeLIMAJIbHOCTEN dbopMupyIOT COBPEMEHHOE €CTECTBEHHO-HAy4YHOE
MHPOBO33pEHHUE, OBJIAJIEBAIOT 0a30BHIMU 3HAHUSIMHU B O0JACTH XUMHH, TEOPUEH
XAMHUYECKUX TMPOIECCOB M METOJ0B HWX aHAJM3a, pPa3BUBAIOT HABBIKU
CaMOCTOSITeNIbHOM pabOThl, HEOOXOIUMBIE JIsl MPUMEHEHUSI XUMUUECKUX 3HAHUM
MPU U3YYEHUHU CIECHUAIBHBIX JUCHUIUIMH W JAIBHEUIIEH NPAKTAYECKON
JEeSITENbHOCTH. Takke BUIAT POJb CEIBCKOTO XO35MCTBA B MPOLIECCE U3MEHEHUS
MPUPOAHON CpeAbl W TOJYYAlOT yYMEHHE OPUEHTUPOBATHCS B MPHUKIATHBIX
BOIIPOCaX HKOJOTHM; TOTOBBI MPOBOJUTH (HU3NUECKUH, (PUIUKO-XUMUYECKUH,
XUMHUYECKUA W MUKPOOMOJIOTHYECKUN aHalIu3 TO0YB, XWMHUYECKUN aHalu3
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pacTeHuii, yqoOpeHUil U MEIHOPAHTOB B COOTBETCTBUU C COBPEMEHHBIMU
METOUKaMHU.

Takum oOpa3oM, co3jaBasi HOBBIE NEJArOTUYECKUE CUTYyalldd U HOBBIC
3aJlaHds B TMPOIlECCe HM3YUYECHMs JUCHUIUIMHBI «XUMHUSD», MOXKHO TOBBICUTD
MOTHUBAIIMIO CTYAEHTOB U JIJIsl HAYYHOU EeATeIbHOCTH.
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CHEIIMAJIBHOCTSAM

XUMHSI — €CTeCTBEHHAs HayKa, M3y4daroliasi BEUIECTBA U UX MPEBPAILEHUS,
KOTOpBIE COMPOBOXKIAIOTCA W3MEHEHHEM COCTaBa M CTPOCHUS. XHUMUYECKHE
3aKOHBl U TEOPUU OKA3bIBAIOT 3HAYUTENIHLHOE BIIMSHHME Ha Pa3BUTHE JIPYTHUX,
CMEXHBIX C HEW €CTECTBEHHBIX M TEXHUYECKUX HayK. OJHOBPEMEHHO XHUMHMS
CBSI3aHA C PEIICHUEM COLMAJIBHBIX MPOOJIEM, YAOBIETBOPEHUEM MOTPEOHOCTEN
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KOKJIOTO 4YeJoBeKa M oOlecTBa B IEJIOM. XHWMHYECKHE 3HAHUS SBISIOTCA
3HAYUTENIbHON YacThi0 OOIICH KyJIbTyphl YEJIOBEKa W BHOCST 3aMETHBIN BKJIAJ
B YCTOMYMBOE Pa3BUTHE LMBUIA3ALUY.

XHMHS B CEITBCKOM XO03SMCTBE UTPAET OYEHD BAKHYIO POJIb T10 CIEYOLIUM
IIPUYHAHAM:

— mo0as OPOXYKIMS CEJIbCKOXO3SIICTBEHHOT O IIPOU3BOJCTBA
IpeJICTaBIsIET COO0M pa3InYHbIE BEIIECTBA UM UX CMECH;

—cyOcTpaT, Ha KOTOPOM  BBIPAIIMBAETCS  CEIbCKOXO3ANUCTBEHHAs
IIPOLYKLHS, SIBISETCS CMEChI0 HEOPTAHMUYECKUX M OPTraHUYECKUX COCAUHEHUM,
OH SIBJISIETCS IOYBOM, KOTOpas 001a1aeT II0A0POIUEM;

— COBPEMEHHBIE TEXHOJIOTUU IO3BOJISIOT ONTUMHU3UPOBATH ILIOJOPOJIUE
MIOYB;

— arpapHbId CEKTOp OIpPENECHHBIM 00pa3oM BIMSET Ha MPUPOHBIC
HKOJIOTUYECKUE MPOLECCHI, UTO B OOJBIIMHCTBE CBOEM CBA3aHO C XUMUYECKUMHU
MPOLIECCAMH U BEILIECTBAMH, B HUX IPUMEHSAEMBIMU U T. [I.

Cnenyer pa3nuyarh ABE NPUHLMIHAIBHO PAa3IMYHbIE BETBU CEIHCKOTO
X03sIiCTBa — PAaCTEHUEBOJCTBO U >KMBOTHOBOJCTBO, XUMHYECKHE IPOOJIEMBI
B KOTOPBIX CHJIBHO PA3IMYaIOTCs, HO UMEIOT U OOIME YEPTHl, T. K. OHU U3Y4arOT
XUMHUYECKYI0 (QOpMYy JABIXKEHHUS MaTepuu. OTO HEOOXOIUMO YUUTHIBATb
B COJIEP’)KaHUU XUMHUYECKOTO 00pa30BaHuUs Ul arpapHbIX CIIEHUaIbHOCTEH.

Bo3spacratomasi motpeGHOCTh B KAuye€CTBEHHBIX MPOAYKTaX HUTaHUS
00yCJIOBIIMBAET YCKOPEHHE MOMCKA HOBBIX TEXHOJIOTMYECKUX U MPAKTUYECKUX
MOJIXO0/IOB K MPOU3BOACTBY Ouonpoxaykiuu. [Iporecc nanpHeieit unTrencudu-
KAallMM TEXHOJIOTMYECKUX MPUEMOB BBIPAUIMBAHUSA CEIBCKOXO35HCTBEHHBIX
KyJbTYp CTAaHOBHUTCS Bce Oosiee 3aTpaTHbIM U MeHee 3ddexTuBHbIM. [loaTOMY
B MOCIIETHUE IECATUIIETHS BCE 00JIee AKTUBHO BEIETCS TOUCK (PU3UOTIOTUUECKHUX,
OMOXUMHUYECKUX W OMOPU3NYECKUX MPUEMOB W TEXHOJOTWU, HAINpPaBIECHHBIX
Ha pean3alii0 T€HEeTUYECKOro MOTEHIHANa, MOBBIIIEHUS Hecneunu(puiecKoi
YCTOMYMBOCTU K AOMOTUYECKUM U OMOTUYECKUM CTpEccaM, YCUJICHUS alanTHB-
HOTO TIOTEHIIMAJIa PACTEHHH C 1IeTIbI0 pOCTa U cTaduiIn3anuu ypoxas [1; 2; 4].

OnHoit W3 BaXHBIX OCOOEHHOCTEH HACTOSIIETO TEPHOJa SBIISACTCS
aKTHBM3allMsd W BHEAPEHHE WHHOBALMOHHBIX IIPOLIECCOB B  IPAKTHUKO-
OPUEHTHPOBaHHOE OOy4YeHHE. DTO BBIpAXKAECTCI B TEHIACHIMSIX HAKOIUICHUS
U peanu3ali HOBOBBEJIECHUH B 00pa30BaTENbHBIN IMPOLECC, YTO MPUBOIUT
K Ka4Y€CTBEHHBIM U3MEHEHHUSIM €r0 METOJI0JIOTMYECKUX aclleKToB. BMecte ¢ TeM
PUOPUTETHBIE HAIpaBICHUS Pa3BUTUSL OENOPYCCKOM CHCTEMbl OOpa30BaHUS
JIOCTATOYHO YETKO OMNpe/eiIeHbl B HOPMAaTUBHOM ITPAaBOBOM aKTe MO/ Ha3BaHUEM
«HammonaneHasg cTparerusi ycrowumBoro passutus PecnyOnuku benapych
Ha nepuoAa A0 2030 roma» [2]. CormacHO 3TOMY AOKYMEHTY, CTpaTerhyecKas
Heiab CTpaHbl B 00Opa3oBarelibHOM cdepe cocTouT B  (HOPMHUPOBAHUU
KaUEeCTBEHHOM CHCTEMbl O00pa30BaHUsl, KOTOpash OTBEYAET MOTPEOHOCTIM
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YCTOWYMBOTO Pa3BUTHUS pecryOnuku, MU(PPOBOH SKOHOMUKH W peaTd3aIliu
MOTEHIIMAJIa YEIOBEKA.

CoBpemeHHOE 00pa3oBaHUE OPUEHTHUPOBAHO HA CO3JIaHHE YCIOBUHU
JUISL pa3BUTHUSL YCHEIIHOW JMYHOCTH Y4Y€HHKa B 0Opa30oBaTeIbHOM MpOIEcCe.
OnHMM W3 OCHOBHBIX MPHUHIIMIIOB TaKOro NOAXOAA SBIIETCS OpUEHTAIUs
0o0pa30BaTeNpbHOTO MpOoIlecca Ha pa3BUTHE MOTHBalUU ydamuxcs. Peimienue
npo0ieMbl MOTHMBHPOBAHHOTO BbIOOpA BBITYCKHUKAMHU IIIKOJI HAaNpaBJICHUS
JanbHeiero oopa3oBaHus U aJlaliTalliid UX K 3TOMY O0yYEHHUIO B €CTECTBEHHO-
HAy4YHBIX 00JIACTSIX TOJ[ OT roJla CTAHOBUTCS BCE 0OJIee CIOXKHBIM M JIJIsl CaMUX
BBIITYCKHUKOB U UX POJAUTENECH, U JUIsl BY30B, paOOTaIOIIUX B 3TUX 00JIACTAX.
[ToBeiIeHMEe  KadecTBa  OOpa3oBaHUS, BO3MOXKHOCTH €ro  yCHEIIHOTO
NPOJOKEHUS Ha TOCICAYIOUIUX CTYNEHAX, HEeU30ekKHOEe B IOHOCTHU
caMoomnpeesieHue, npodeccuoHanbHas OpUEHTAIUsd — MPOOJIEMbI, pelllacMbie
B CUCTEME «IIIKOJIa — BY3».

B cBs3m c akryanuzamued COBEPIIEHCTBOBaHUS 00pa30BaTEILHOIO
mporiecca B ceHTsAOpe 2012r. B paMkax B3auMMOJCHCTBUSI IIKOJBHOTO
U BY30BCKOT0o oOpa3zoBaHus ObUT co3/laH mpoekT «Manas akagemus» Ha Oaze
I'YVO «CII Ne2 r.Topkm» u YO «benopycckas rocyaapcTBEHHas
CEIIBCKOXO3SIIICTBEHHAS aKaJIeMUsD», KOTOPBIN SIBISIETCS PETMOHATBHON MOJENBIO
00pa3oBaTeIbLHOTO U MPOGECCHOHAIBHOTO caMooIipeiesieHus yuanuxcs. [Ipoekr
HaIpaBJIeH Ha BBISBICHUE M Pa3BUTHE TBOPUECKHX CIOCOOHOCTEW WM MHTepeca
K HAy4HOU JesATEeIbHOCTH TAIAHTIUBBIX JACTEH, CO31aHIe HEOOXOANMBIX YCIOBHIA
1L €€ TOJJIEPKKH, TMpOoIaraHay Hay4dHbIX 3HaHHUU, CO3IaHUE YCIJIOBHI
JUIS. UHTEJUICKTYaJIbHOTO Pa3BUTHUSI U TOJJCPKKH OJAPCHHBIX NIETeH, B TOM
Yyuciae COACUCTBUS MM B TPOGECCHOHATILHOW OpUEHTAMM U MPOJOJIKEHUH
obpaszoBanus [3].

OOGpazoBaTeNbHBIM TPOIECC MPOBOJUTCA IO JBYM HaIpPaBJICHUSIM:
KOHCYJIbTalMK, nmoarotoBka k [T, onumnuanaM v BBITIOJHEHHE JTa00pATOPHBIX
aHAJIUTUYECKUX pabOT ¢ AJIEMEHTaMU Hay4YHBIX UcCieaoBaHui. JlaHHbBIN MOIX0/1
K yuyeOHOMY mpoIeccy jaeiaer oO0yudeHue Oojiee MOTHBAIMOHHBIM, MO3BOJISIET
Jydlie 3aloOMHUTH TEOPETHMYECKHH MaTepuall U NPUOOpPEeCTH HaBBIKH
7a00paTOPHOTO aHamu3a. 3aHATHUS TPOBOJATCA EXKEHENETbHO Mo cyO0oTam
¢ yuanmmucs 10-x (5-12 genoBek) u 11-x kimaccos (2—5 vesoBek).

Bonpmioli wuHTEpeC y MIKOJIBHUKOB BBI3BAIM TeMbl «AMQOTEpHbIE
coenuHeHus», «KoMriekcHbie coequHeHns», «PactBopsl», «'Hapon3 coyieiny,
«XuMuueckoe paBHOBecHe», «KHCIOTHO-OCHOBHOE TUTpoBaHUE», «CBoMCTBa
yriieBoioBy», «KadecTBeHHbIe peakiuu OEIKOB», KOTOPBhIE COMPOBOXKIAIUCH
CaMOCTOSITEJIbHBIM BBITIOJIHEHHEM JIA0OPATOPHOTO IKCIIEPUMEHTA. ITO MO3BOJISET
caenaTh 00ydeHre XUuMHUK 00Jiee TT0O3HABATEILHBIM U MOTHUBAIIMOHHBIM, a TaKKe
Jydille 3aloOMHHUTh TEOPETHYECKUM Marepual U MOPUOOPECTH HaBBIKU
J1a00paTOPHOTO aHAJIK3A.
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Hauunas ¢ 2014 r. exxerogHo NpoBOAATCS HAY4YHbBIE SKCIEPUMEHTHI IS
ydacTusi B KOHKypcax (KoH(epeHIUsIX) padoT pa3lIU4YHOrO YpPOBHS YYaIIUXCs
UCCIIEIOBATENIbCKOTO  XapakTepa IO ydeOHOMYy  mpeaMery  «XHUMHSD».
BhINyCKHMKM 3aHUMaIM MPU30BbIE MECTa HAa OOJACTHOM YpPOBHE IO TEMaM:
«BnusHME KUBOTHOBOIYECKOTO OOBEKTAa HAa KaueCTBEHHBIE I1OKA3aTEIH
IPYHTOBBIX BoA a/r JloOpas», «Ancopbupyromuye CBONCTBA aKTUBUPOBAHHOTO
yras u “Oenoil TabneTku”», «bHOJOrMYecKre acrneKTbl U KOJIWYECTBEHHOE
omnpeneneHue OuoduaBoHOMJa — BuUTamMuHa P», «buonorumueckue acnekTsl
W JMacTa3Has aKTUBHOCTb Mela», «AHaIM3 YIVIEBOJOB M ONPEICICHUE
COJIEPKaHUSl CaxapoB B PACTUTENBHOM MPOLYKIMHN», «ACKOPOMHOBAs KUCIIOTa
u xumus xku3HU». CoBmecTHO co crygeHTamu —uneHamu CHUIIL «Crektp»
yuamumuca 10-ro knacca I'YO «CII Ne 2 r. ['opku» BBITIOJTHEHBI UCCIAEOBAHUS
no teMe «OrmnpeneneHre KHCIOTHOCTH NHUIIEBBIX MPOAYKTOB U COAEP)KaHUA
B HUX BUTamuHa C» u np. [3].

B pamkax mpoekrta «Manas akageMus» ydacTByeM B HAy4HO-
METOAMYECKUX KOH(pEpPEHIUAX, TPOBOJUM JTHU OTKPBITHIX ABepel. COBMECTHO
CO CTYAGHTaMH arpoOHOJIOTMYECKUX CHELHMATBbHOCTEH ydallluecs IIKOJ
BBICTYIIWJIM C HAYYHBIMHU JOKJIaZaMi Ha KOH(EPEHLINSX.

Ananu3  pe3ynbTatoB  paboThl  mpoekta  «Mamass  akazeMus»
Ha (aKyJbTaTUBHBIX 3aHATHSAX MO XUMHM IOKa3aj, YTO JAHHOE MEPOIPUSTHE
JUISL yYaIuXcs MIKOJI UMEJI0 OOJbIIoe 3HaUeHHUE, C OJJHOW CTOPOHBI, KaK HOBas
(dopMa packpbITHsi COOCTBEHHBIX CIOCOOHOCTEH, C Jpyrod — KakK MOIIHBIHI
CTUMYJI K JayibHelemMy u3ydeHuro xumuu [1; 3]. CoBpeMeHHBbIE TEHACHIIUU
B OpraHu3aii o0pa3oBaTeIbHOro npouecca B benapycu BKIIIOUAIOT U CO3/1aHNE
NpO(UIBHBIX KJIACCOB arpapHOid HANpaBJIEHHOCTH, YTO MPU3BAHO NPHBIIECYb
K O0OyYEHHIO Ha arpapHbIX CIIEHHUATBHOCTSAX BBITYCKHUKOB YUPEXKICHUNU 00IIEro
cpeaHero oopazoBaHus. ITO OyJeT COCOOCTBOBATH YJYUIICHHUIO MOJITOTOBKH
BBICOKOKBAJIM(DUIIMPOBAHHBIX KaJpOB JJIi arpONpPOMBIIUIEHHOTO KOMILJIEKCa
CTpaHbl. Ba)XHBIM 37€MEHTOM MOBBILIEHUSI MPECTUkA CEIBCKOXO3SIICTBEHHBIX
CHelMaIbHOCTEN sBIsETCS NpOodOpUEHTAlUsl, KOTOPOH B IMOCIETHEE BpeMs
B CTpaHE YJEISAETCS MHOTO BHUMAHHS.

3HaHKE OCHOB XMMMHU CTYJEHTAMHU arpapHbIX criennaibHocTel hopMupyer
npodecCuOoHaNbHBIE KOMIIETEHIIMHM, YTO IMO3BOJIAET MPUHUMATh I'PaMOTHBIE
pelmieHuss W JIeCTBOBATh B THIMYHBIX W HECTAHJAPTHBIX CHUTyaLUsX.
CryneHTam mpejuiaraeTcsl ISl MOBBIIICHUS PEUTHHra MOATOTOBUTH pedepatsl
N0 MPUKIAJTHOMY 3HAYEHUIO XMMHHM U TUTa3Mbl C MPUMEHEHUEM aKTHUBATOPOB
MeTaboJiM3Ma U BBICTYNUTh C JIOKJIAJAOM Ha JeKuuu-koHpepeHuuu. C yyeTtom
MPaKTUKO-OPUEHTUPOBAHHON (HOpMBI OOY4YEHHUST 3TO TO3BOJSIET MOBBICUTH
KaueCcTBO OOyUYEHHUsI CTYI€HTOB arpapHbIX CHEIMaIbHOCTEN, pa3BUTh TBOPUECKHE
CIIOCOOHOCTH CTYAEHTOB, UX CTPEMJICHHME K HENPEPhIBHOMY MPUOOPETECHUIO
HOBBIX 3HAHUM U CaMOpEaTu3aluu.
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POJIb JUCHUILTAHbI «PYCCKHH SA3BIK
KAK HHOCTPAHHBIN» ITPU ITOATI'OTOBKE
CHHEIIMAJIMCTOB XUMHNKO-BHOJIOTHYECKOTI'O ITPOPNJIA

PecniyOnuka benapych siBisieTcss akKTMBHBIM YYAaCTHHUKOM pBIHKA YCIYT
BbICIIEr0 00pa3oBaHUs. ['OMENbCKHUIl TOCYAapCTBEHHBI YHUBEPCUTET HUMEHH
@pannycka CKOpUHBI — OAUH W3 HEMHOTMX YHUBEPCUTETOB CTPAHBI, JUILIOMBI
KOTOpBIX mpu3HatoTcss B Typkmenucrane. C 3THUM CBA3aHO OTHOCHUTEIIBHO
0oJbIIOE, CpEeld TPOYUX, KOJTUUECTBO TYPKMEHCKHUX CTYJIEHTOB, O0OyYarOIIMXCS
B HAallEM YHHMBEPCUTETE. 3HAUYWUTENIbHAS 4YacThb HWHOCTPAHHBIX CTYJICHTOB,
B TOM 4YHUCJE U TYpPKMEHCKHX, MOJydyaeT oOpa30BaHME Ha PYCCKOM S3bIKE,
U OOJBIIMHCTBO M3 HUX MPHUEIKAET C JOBOJIBHO MOCPEICTBEHHBIM YPOBHEM
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BIIQJICHUSI PYCCKUM sI3bIKOM. [lpu H3TOM JMIIL HEMHOTHE MOCTYHaroT
Ha MOJTOTOBUTENBHOE OTHAEJICHHE, TJI€ MOTYT MOATSHYTh YPOBEHH PYCCKOIO
A3bIKa 10 HEOOXOAUMOTO.

MoskeT 1 cTyAeHT 0e3 BIaJeHHUs] PYCCKUM SI3bIKOM Ha 0a30BOM YpPOBHE
o0y4arbCcsi HA PYCCKOM SI3bIKE CIIELMaIbHBIM TpenMeram? OmnpenereHHO HET.
Ho Ha xakom 3Tarie U B KakOM BHJI€ BBOJUTH CIECHHAIBHYI) TEPMHHOJIOTHIO
B JICKCUKOH CTyA€HTOB? J{OM>KHO JIM 3TO IPOUCXOAUTH TOJIBKO Ha CIIEIUATbHBIX
npeamerax? Kak moMoub ajanrtaiiid BHOBb TPHUOBIBIIUX MOJOJBIX JIIOACH,
YK€ IPUCTYNUBIINX K 3aHATHAM?

K coxanennto, B NOCTCOBETCKMH NEPUOJ YPOBEHb PYCCKOTO S3bIKa
HOBOT'O TMOKOJICHUSI Jaj€K OT ONTHUMaJIbHOTO, U COBPEMEHHBIX CTYJICHTOB
U3 CPEeHEA3NATCKUX PECIYOINK YK€ MOXKHO CPAaBHUTh CO CTYyAEHTAMU U3 CTPaH
JaJbHETO 3apyO0ekbsi, B JIy4dllleM CiIydae JIMIb MMOBEPXHOCTHO 3HAKOMBIMU
C OCHOBAaMM PYCCKOTO si3blKa. Takue CTyAeHThl TPEOYIOT OCOOCHHOTO MOJX0/1a
Kak Mpu 00yYEHUH PYCCKOMY SI3bIKY, TaK U MPU 00YUEHUH Ha PYCCKOM SI3bIKE.

OOydeHne Ha PYCCKOM SI3bIKE TIOPKOSI3BIYHBIX CTYJACHTOB B HAy4YHOMU
U aKaJeMUYecKoi cepe CBSA3aHO C ONPEEICHHBIMUA TPYAHOCTAMH. TypKMeH-
CKUU SI3bIK, B OTJIIMYHE OT (DIEKTUBHOTO PYCCKOTO, OTHOCHUTCS K arriitoTHHA-
THUBHBIM SI3bIKaM, YTO OOBSICHSIET €r0 3HAUUTENbHBIE OTIMYUSI OT PYCCKOTO SI3bIKa
0 TpaMMaTHYECKOW CTPYKType (pa3Has CTPYKTypa MPEISIOKEHHS, MOPSIOK
CJIOB, pa3Hble MOP(OJIOTUS U MPUHILHUIIBI CJIOBOOOPA30BaHUs), a MPUIACTHOCTD
K IPYTOH A3BIKOBOM CEMBbE OTAAISET €r0 OT PYCCKOTO U IO 0a30BOMY CJIIOBAPHOMY
3amacy. JlaHHple (akThl CO37AIOT OINPECICHHBIE CIOXHOCTH HE TOJIBKO
JUIs TIpenojaBatesieid, HO W JUIS U3YyYarol[UX PYCCKUN S3BIK TIOPKOS3BIYHBIX
CTYJICHTOB Ha AJIEMEHTAPHOM U 0a30BOM YPOBHSIX.

Emie onHOW TPyHHOCTBIO SIBJISIETCSI HAJUYUE JUAJICKTOB TYPKMEHCKOIO
s3bIKa B 3aBUCUMOCTH OT 001acTu (BeJoATa) NPOKUBAHUSA, UYTO CO3/AAeT
npoOJieMbl MPU MOATOTOBKE MaTepUalioOB 3aHATHUM, HapuMep MpU MepeBoaax
dbpaz-mojenel U TEKCTOB Ha TYPKMEHCKHM si3bIK. OHJIalH TOCTYITHO HECKOJIBKO
AIEKTPOHHBIX TEPEBOAYMKOB, M YacTO BCE OHM JAalOT pPAa3HbIE BapHaHTHI
nepeBoJoB. [losToMy B XOJ€ TMOATOTOBKA METOAMYECKHX MATEPHAIIOB
MBI 33JICHCTBYEM CTYJICHTOB, BIAJICIOIINX PYCCKUM S3bIKOM Ha BEICOKOM YPOBHE,
JUJIS1 IEPEBOJIOB METOAUYECKUX MAaTEPHAJIOB HA POJHON UM A3BIK.

Tem He MeHnee mpouuioe B coctaBe CoBeTckoro Coro3a, ClieI0BaTelbHO,
oOmasi Hay4yHas IIKOJa W METOJUKHA TPEMOJaBaHUs IIKOJBHBIX TPEIMETOB,
a Takke rio0anu3anus SIBISIOTCS TPUYMHON 3HAUYUTEIBHOTO KOJMYECTBA
WHTEPHAIIMOHAIBHBIX CJIOB, B TOM YHCJI€ JIATUHU3MOB U PYCHU3MOB,
B TYPKMEHCKOM si3bIke. M 0110 OBl €CTECTBEHHO MCTOJIB30BATH MPU MOJTOTOBKE
METOJUYECKUX MAaTepUaJIOB JaHHBIM (aKT Kak BO3MOXHOCTH OOJIETYUTH
YCBOGHHME TI'paMMaTHYECKOTO M HAyYHOro Marepuayia cryieHTamu. [losTomy
NpU U3YYCHUHU JIUCHUIUIMH XUMHUYECKOTO MPO(UIIs, TOMUMO PYCCKOS3BIYHBIX
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VUCTOYHHUKOB JIUTEPATypbl, MbI PEKOMEHAYEM CTYACHTaM HCHOJIb30BATh
00yUaloIIyI0 JTUTEPATYPy HAa POTHOM SI3bIKE. JTO MO3BOJISIET CTYIEHTAM OCBOUTH
MOHATUWHBIA anmnapar, IPEACTABICHHbIM B Marepualiax JEKIHWM, HAa POJHOM
S3bIKE, YTO OOJIeTYaeT B JaJbHEHIIEM €ro BOCHPHUSTHE Ha PYCCKOM SI3bIKE.
Crneuugukodt AUCHUIUIMH XUMHUYECKOTO MpoQuiist SBISETCS TakkKe To,
YTO 3anmucu (POpMyJl COCIUHEHUN €IUHBI, HECMOTPS Ha HEKOTOPOE pa3inyuue
B UX Ha3BaHMX, B TOM 4Kciie aOOpEeBUATYPHBIX.

Apnanranuss METOOUKH TPENOJaBaHUs IUCHUIUIMHBI «Pycckuil SI3bIK
Kak MHOCTpaHHBID (nanee — PKU) x u3ydeHHIo crnelUalbHBIX MPEAMETOB
CBSI3aHA C U3YUYEHUEM HE TOJBKO CIIEHHAIBHON JEKCUKH, HO U TPAMMaTHYECKHUX
KOHCTPYKIMH, XapaKTePHBIX IJIs HAy4YHOro cTuiis peud. [losTomy Ha ypokax
PYCCKOTO SI3bIKa YKJIOH HYHO JIeIaTh HAa MAaCCUBHBIA HABBIK: MEPEBOJ] TEKCTOB
XUMHUKO-OMOJIOTUYECKOTO0  NpOo(UiIs, YIOpPaKHEHHS] Ha T[OUCK TEPMHUHOB
U KIIOYEBBIX CIIOB B TEKCTE, 3aM€Ha KOHCTPYKUUW MPOJBHUHYTOIO YpPOBHSA
Ha MpOCThIE, pa300p TEKCTa C MOMOIIBI0 BOIMPOCOB K WICHAM MPEAJIOKECHUS.
W 37eck onATh Ha IMOMOIIb MPUXOJUT BO3MOXKHOCTH palbOThl C Hay4HOU
JUTEPATYPOU HA POJTHOM SI3BIKE.

[Tomumo mpodeccnoHanbHON criennaIn3auuy 3aHATUH 10 COOCTBEHHO
PKU, peanbHOCTh AMKTYET HEOOXOAMMOCTH aJaNTallid CTHJIS TPETNoJaBaHUS
U CO CTOPOHBI MpenoiaBaTeae JUCUUIUIMH XUMUKO-0HOJI0THYECKOTr0 MpoQuiIs.
[IpenonaBareib JOKEH COBEPUIEHCTBOBATH CBOKO IUKIUIO, TOBOPUTH MEIJIEHHO
U YICHOPA3JEIBHO, HMCIOJB30BaTh NPOCThIE I'PAMMATHYECKHUE KOHCTPYKIIUH,
JienaTh aKIEHThl Ha KIIOYEBBIX CIIOBaxX, JeiaTh Ooyiee JUIMHHBIC Tay3bl
MEXIY CMBICIIOBBIMU OJIOKaMU, BaXKHbIE MECTA JTyOJIMPOBATh, UCIIONb3YS CXO0XKHE
[0 CMBICIYy CJIOBA, MOJAJEPKHBaTh OOpaTHYIO CBA3b KaK B3IJISOM, TaK U C
MOMOILBIO OJIMII-0NIPOCA, KCIONb30BaTh OOJbIIE JOCTYMHOIO K CKauMBaHUIO
HaIJISIHO-IEMOHCTPAMOHHOTO ~ MaTepHajla, MaKCUMaJbHO  MCIOJb30BaTh
MPaKTUYECKUE U JTA0OPATOPHBIE TETPAIH, CTABUTh YETKHE HYMEPOBAaHHBIE LIEJIH,
a B KOHLE 3aHATHN MPOBOAMTH MOATANHOE, TAKXKE HYMEPOBAHHOE PE3IOMHPO-
BaHUE, COCTABJIATh CITUCKH 00SI3aTEIBHBIX K 3aTIOMHUHAHUIO TEPMUHOB, KOTOPHIE
CTYJIEHThI MOTJIM OBl JOOABUTH B MIPWIIOKEHUS (MPOTPAMMBI) JIJIsT 3aIIOMUHAHUS
U uHTepBabHOTO nmoBTopeHus (duolingo, quizlet, memrise).

Ecnn na ypoxax PKU mbl ucnosibdyem B OOJIbIIEH CTENEHH JIEKCHUKO-
rpaMMaTUYEeCKUd W  KOMMYHUKATHUBHBIA MOAXOJ, TO Ha MOpeaMeTax
CHELUATBHOCTH JIeJIa€M aKLEHT Ha METOJE IMPOEKTOB, CO3AaHMS MPE3CHTALNM,
AMIIMPUYECKOM TOAXO/E€ Yepe3 BBINOJHEHHE HEOONbIINX 3a7ad, KOTOphIC
noOyXJalT CTyA€HTa K aHaldu3y TEKCTa, MOUCKY KIIOYEBBIX CJIOB U €ro
TOMUHaHTBL. B 00ouX ciydasgx NpPUMEHSIOTCS MHTEPAKTUBHBIE IUIATPOPMBI
Uit 9QGEKTUBHOrO 3alOMUHAHUS TEPMUHOB M XapaKTEPHBIX YCTOWYUBBIX
CJIOBOCOUYETAHMM, HANpUMeEp «cinabas/CUiibHasl KHUCIOTa», «CPEIHHE/KHUCIbIe/
OCHOBHBIE COJIU» U T. 1.
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Hayunbplii cTuiap BKIIOYaET MHOTO aOCTpaKTHBIX MOHATHH. Bceskas
a0CTpakUMs ONMUPAETCS HA PealbHbIE MPEIMEThI, TO3TOMY Ha MEPBBIX 3aAHATUAX
MBIl 3HAKOMHM CTYJE€HTOB C Ha3BaHHUSIMHU IMPEIMETOB, KOTOPHIE OHU MOTYT
YBUACTh B JIaDOpATOPUM M C KOTOPHIMH OHHM JOJDKHBI Oe30macHo paboTaTh
KK/l JIeHb (Ha3BaHUS XMMUYECKON MOCYbl U MPOCTEHIero o0opya0BaHus,
Ha3BaHus TmpuoOopoB). Kaxnapli w3 mpeaMeTroB (GopMupyer BOKpyr cebs
cnenupuyeckuii Habop onpeeIeHn 1 BO3MOKHBIX JAeiCTBUN. DTO hopmupyer
JEKCUYECKYI0 0a3y, 3aKpEIICHHYIO 32 peaIbHBIMU 00pa3aMu, Ha KOTOPOM MOKET
CTpPOUTHCA JalbHEWIlass aHaTuTU4YecKas JAesTeNbHOCTh. B mabopaTopHbIX
JTHEBHHUKAX CTYJCHTaM IPEJIaracrcsi, MOMUMO OINKMCAHHUS XOAAa BBIIOJIHEHHUS
OTBITOB, JieJaTh 3apUCOBKH HCIOIB30BAHHOIO JIa0OPATOPHOTO 000PYI0BaAHUSA
C YKa3aHUEM €r0 Ha3BaHUS.

Kak v npu mnoarotoBke K YTEHHUIO HOBOTO TEKCTa, MPU HU3YUYECHUU
MHOCTPAHHOTO 3bIKa MHOCTPAHHBIM CTYJIEHTAM MPEIJIaraloTcsl NPeATEKCTOBBIC
3agaHus. [loaroroBka K HM3y4EHUIO HOBOM TEMBI 1O JAUCHUAILUIMHAM
CIIELIMAJIbHOCTU BKJIFOYAE€T O3HAKOMIJICHUE CTYIACHTOB CO CIIMCKOM HOBBIX
TEpMUHOB. TakuWe CHUCKU AOJDKHBI TOTOBHUTBHCA IMPENOAABATEIIEM K KaXIOu
JICKIIUU U JTA0OPAaTOPHO-TIPAKTUYECKUM 3aHITHUSAM U IPOPa0ATHIBATHCS HE TOJIBKO
Ha JUMCUUIUIMHAX XUMHUKO-OMOJ0rnyeckoro npoguis, Ho u Ha 3aHsatusx PKU.
HNuaye 0e3 mpenBapuUTEILHOTO OCBOCHHUS CIEIHMAIBHBIX TEPMUHOB JICKIIUS
U JIaOpaTOpHOE 3aHATHE MPOMAYT MJII MHOCTPAHHBIX CTYJIEHTOB BIYCTYIO.
Ucnonb3ys BoamoxkHocTH auctumuiiabl PKI HeoOxonumo o0yyaTh CTyA€HTOB
BBIJICTISITh B CHEUUAIM3UPOBAHHBIX XMUMHUYECKMX M OHUOJOTHUUECKUX TEKCTax
COCTaBHbIE YACTH: BBEICHHE, OCHOBHYI YaCThb C ONPEACICHHUSIMH, BBIBOJBI.
DTO MOMOXKET UM Takke (hOPMYJIMPOBATH CBOU MBICIIH MTPU HAITUCAHUU KYPCOBBIX
Y JUIIJIOMHBIX MMPOEKTOB.

OCHOBHBIEC TPHUHIIUIBI, KOTOPBIX MBI MPUJICPKUBAEMCS, OCHOBBIBAOTCS
Ha oOmen3BecTHbIX MeTonax PKU, wHTErpupoBaHHBIX B CUCTEMY OOyUYCHUS
JVICLMIUIMH 110 OCHOBHOMW CIIEIIUATIBbHOCTH:

1) NpUHIKI OJHOW TPYJHOCTH: CHayayja BBOJMM OTACIbHBIC TECPMHUHBI,
MOTOM MPAKTHUKYEM HMX HCIIOJb30BAHUE B OMNPEACIICHUAX U TPAMMATHUYECKHUX
KOHCTPYKITUSIX B XOJI€ OJTHOTO 3aHATUS JIMOO B XOJI€ MOATOTOBKHU K 3aHSTHUIO;

2) BBIZICTICHUE CIIMCKOB TEPMUHOB Ha OCHOBE MHTEPHAIIMOHAIBHBIX CJIOB
1 OOIIMX ISl PYCCKOTO 1 POJIHOTO;

3) UCIOJIb30BaHUE HarJIs IHbIX PE3IOMUPYOIINX MaTepUaIoB
¢ moanucsamu, Hanpumep [1], [2];

4) npuHIU 0OpaTHOW CBS3M pPEaM3yeTcss B BHJE BOIPOCA-OTBETA
npu paboTe C TEKCTOM ISl PACKPBhITUS TIPaMMATHUYECKOH CTPYKTYpBI
¥ TIOHMMAaHUS CMBICIIA CIICIIUATTU3UPOBAHHBIX MaTepPUAJIOB 0€3 MepeBoIa;

5) oOy4yeHHE CTYACHTOB METOJy 3allUCH TEKCTOB «KPOKaMU» JUIs
OecriepeBOIHOTO BOCIPOU3BEICHUS ONPEAETICHUM, TEKCTOB, OMUCAHUS METOIUK
BBITIOJIHEHUS TA0OOPATOPHBIX PadoT;
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6) oOyueHHue METOJOM «IApHBIX YIPAKHCHHID» JUIT  OJTOTOBKH
JTOMAITHAX 33JlaHui, YTO TO3BOJSET OTPabOTATh aAJITOPUTMBI BBITTOJTHCHHS
TUTIOBBIX 33/IaHUK 0€3 3aTPyJHECHUHN B TOHATHUH CMBICIIA CAMOTO 3aJaHUS.

YacTp U3 3TUX MPUHIIMIIOB MOKHO NMPUMEHSITHh B XOJ€ JICKIIUHA, MPAKTH-
YECKUX U TaOOPATOPHBIX 3aHITHIA 110 OCHOBHBIM JUCIIUTUIMHAM CIICIIUATBHOCTH,
peanusys, TakuM 0O0pa3oM, HHTErpPaIUIO S3bIKOBBIX M TPO(HECCHOHATHHBIX
3Hanuid. [logBoas WTOTHM, HEOOXOIWMO e€IIie pa3 MOMYCPKHYTh BaKHOCTH
U BO3MOXHOCTH auctuiuinabl PKU mpu oOydeHnu crenuaincToB XUMHUKO-
OMOJIOTMYECKOTO MPODUIIA.

CITMCOK MCITOJIb30BAHHOM JTUTEPATYPBI
1. JIanireBa, O. B. Xumus B undorpaduxe / O. B. Jlanresa, T. A. XKyinsesa. —
M. : Dkemo, 2021, — 160 c.
2. Jleencon, U. A. Xwumudeckue diemMeHTHI B uHporpaduke /
H. A. Jleencon. — M. : ACT, 2016. — 224 c.
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C.JI. PATYEHKO, H. A. TBO3JIEBA, B. A. AIIYHUKO,
N. E. MAJTIAIIOHOK, 10. C. PATMEHKO
benapyces, Munck, bI'TY

OPT'AHUM3AIIMA OBYUEHUS KUTAVMCKUX CTYJIEHTOB
BBITY

OtHomenust Mexnay Pecnybnmukoir benapyce u Kuraiickoit Haponnoit
PecniyOnukoit B TmocienHEE BpeMsi CTAHOBATCA Oojiee KPENKUMHU, YTO
Ha0JII0JaeTCsl HE TOJBKO B 0OJACTH YKOHOMHUYECKOTO COTPYAHMYECTBA, HO U B
oOpazoBarenbHO cdepe. Mosonexxb HrpaeT OOJBIIYI0 POJb B YKPEIUICHUU
oTHoleHn mexnay benapycoto u Kutaem. 3a mociaeaHue rojibl COTpyJHUUYECTBO
MEXIy JByMs cTpaHamMu B cdepe 00pa3oBaHHs OYEHb IMPOJIBUHYJIOCH.
B wactHocTH, co3mana Kwuraiicko-Oenopycckasi accolManusi YHHUBEPCHUTETOB.
OOMeH CTyleHTaMH MEXIy JBYMsS CTpaHaMH CTPEMUTEIBHO PacTeT,
a B3aUMOJICHCTBHE MEXIy By3aMH CTaHOBUTCS Oojee TecHbIM. Ha naHHBIN
MOMEHT 00Illee YMCIIO KUTAaUCKUX CTyJIeHTOB B benapycu mpesbicmio 11 Toic.
YeJIOBEK, a YMCII0 OeJI0PYCCKUX CTYIeHTOB B KuTae 1oCTUrI0 HECKOIBKUX COTEH.

BaxkHbIM 1m1arom k cOIMXKEHUIO 00pa3oBaTesbHBIX chep ABYX pecimyOIuk
CTaJI0 co3/laHue oOpa3oBaTelabHOr0 TmpoekTa «CoBMECTHas OpraHu3anus
OoOy4eHMs] CHEeIUAINCTOB TeXHU4Yeckoro mnpoduis» ¢ ydactuem BI'TY
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u IIpodeccuonanbHo-Texanueckoro wHCTUTYTa (T. JlosH, Kuraif). B pamkax
MIPOCKTa KHUTAMCKWE CTYIACHTHI OOydYaroTcsi 1Mo crenuaabHocTsM 1-53 01 01
«ABTOMaTH3aIUsl TEXHOJOTUYECKUX MPOIECCOB U Mpou3BoAcTB» U 1-36 07 01
«MammHpl W anmapaTbl XMMHUYECKUX MPOU3BOJACTB W NPEANPUATUN
CTPOUTENBHBIX MATEPUATIOBY.

Ha nHavanmbHOM »3Tame COTpyJHHYECTBA EOUHCTBEHHBIM BO3MOXHBIM
CrIocoOOM OpraHu3ali y4eOHOro mpolecca CTylaeHToB u3 Kwurtas ObLio
JTUCTAaHIIMOHHOE oOydeHue. B cBsi3u ¢ 3TUM BCce OYHBIC 3aHATUS 110 PA3IUYHBIM
JUCLMIUIMHAM, u3ydaeMblM cTyaeHTamu w3 KHP, Bxirouas nexknmoHHbIE
Y IPAKTUYECKUE 3aHATHUSA,  TAKIKE IPUEM 3aUETOB U DK3aMEHOB, OCYIIECTBIISIACH
B OHJaWH-cpene. BaxkHpiMH TpeOOBaHUSAMH K CHCTEME JUCTAaHIITMOHHOTO
oOyueHUs SBISIIOTCA €€ HAJIeKHOCTh, XOpoIllasi MPOMYyCKHasi CHOCOOHOCTh
MHTEPHET-KaHAJIOB, MPOCTOTA CO3JaHUs U Pa3MEILCHUS] KOHTEHTA, TOCTYIMHOCTh
CEPBHUCOB U IIATPOPM JIJIs TIperogaBaTesieid u 00yJarouuxcsl.

[Ipu opraHuzanuu JIUCTAHIIMOHHOTO OOyYeHUs CTyAeHTOB u3 Kwutas
CIeAyeT YYHUTBhIBAThb, YTO MCHOJIb30BAHUE TMOIMYJSPHOTO B MOCIEIHUE TOJbI
Zoom — cepBuca OECHpPOBOJAHOIO B3aUMOJCUCTBUSL JIi OpraHU3AIMH
BUJICOKOH(epeHIui, BeOMHApOB M TPYNIOBBIX 4aToB, B Kwutae 3amperieHo.
OpnHako KuTalickue pa3paOOTUYUKU CO3[add CBOM CEpBHUC I MPOBEICHUS
oHNlaH-KoH(pepenuui — Voov  Meeting, KOTOpBIH  MPEJOCTABISIET
oecniepeOoitHy0, OE30ITaCHYI0 U HAJEKHYIO0 00IaYHYI0 BUJI€0-KOH(PEPEHII-CBI3b
B Oonee yem 100 crtpanax mwupa. Ilonp30BaHHE CEPBUCOM OCYIIECTBIACTCS
OecriaTHO, €CJIM YUCJIO YYaCTHUKOB HE MPEBBINIAET TPEXCOT ueioBek. HoBbii
CEpPBHC HUYEM HE ycTynaer Zoom 1o kayectsy HD-Buieo n uncrore 3Byka.

IIpu pabore ¢ Voov Meeting npenogaBatenu BI'TY ormerwnu psia
MOJIOKUTENIbHBIX MOMEHTOB: CEpPBHUC MPOCT B HCIOJIH30BAHUU, CKAUMBACTCA
Jerko W O€eCIUIaTHO, KOJ TMOJTBEPXKJICHUS TPUXOIUT Ha TOUTy Ccpazy
nocie peructpanuu. OYHKIMOHAT CEpBUCA HUYEM HE YCTyNaeT aHajioram:
€CTh BO3MOKHOCTb KaK MOCTOSTHHOM, TaK U BPEMEHHOM CCHUIKU Ha KOH(PEPEHIIUH,
MOXHO  3allJTaHUPOBATh  MPEACTOANME KOH(PEpPEHIMM B  pacHHUCaHUH,
KOH(epeHIIMH HEe MMEIOT OTpaHWYEHHUs BO BpeMeHu. MMmeeTcs jaemMoHcTpanus
PKpaHa CO 3BYKOM, Ha SKpaHE MOXXHO pHUCOBaTh, MHCaTh, MOJAYEPKUBATH,
BBIIIEATE. ECTh BO3MOXKHOCTH 3anucu jekiuii. B Voov Meeting MoxHO paboTaTth
KaKk ¢ KomImbioTepa, Tak u c TenedoHa. OaHaKO TPH TPOBEICHUU 3aHATUS
C TPYIIOH KUTAHCKUX CTYJICHTOB Ha PYCCKOM S3bIKE CJEAYET YUYUTHIBATb,
910 VOOV HE MOXXET HOPMaJbHO BOCIPUHUMATh PYCCKUM MIPUPT, MOITOMY
B XOJI€ 3aHSTHSI €CTh BO3MOXXHOCTb TOJILKO PUCOBATh U OOBOJIUTH, a BCE 3aIlUCU
HEO0OXOIMMO TMOATOTaBJIMBATh 3apaHee.

[IpenonaBarenun BI'TY ObICTpO aganTUPOBAIKMCh K 3aJlaHHBIM YCJIOBUSM
pabotel. [omeHtamu KadeAapbl XHUMHH, TEXHOJOTHH DJIEKTPOXUMHYECKUX
MIPOU3BOJICTB M MaTEpPUAJIOB AJIEKTPOHHON TEXHUKH CO cTylaeHTamu u3 Kuras
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no nucturunHe «OO0Mas 1 HeopraHUYecKass XUMus» ObLIo TTpoBeaeHo 34 Jaca
JIEKIIMOHHBIX 3aHATHA M 34 yaca NpakTUYECKUX 3aHATUH. Bo Bpems Jekiuii
CTYZIEHTbl MOIVIM 337aTh BOIPOC mpenojaasBaTento B yare. Ilocne oxoHuaHus
KOKJI0M JIEKIMK 00YyYarolUMCs Mpeiaragoch MPOUTH TECT MO HM3YyYEHHOMY
MaTepuaiy, KOJIMYECTBO MOMBITOK MPOXO0KACHUS CTYIEHTAMU TECTOBBIX 33/IaHUI
HE OrpaHMYUBAIOCH. [IpakTrueckue 3aHATHS MPOBOAUIMCH C UCIOJIb30BaHUEM
BUJICONIPE3CHTAIIMH M TOJIOCOBOTO OOIEHUS, a TakXke OOIIeHHs B darTe.
[To oxkoOHYaHUU Kypca CTYIAEHTHI CAaBajy SK3aMEH.

BrnocnenctBun 'y KHTAMCKUX CTYAEHTOB IOSIBJIACH BO3MOYKHOCTD
npueskarb Ha oOyueHue B PecmyOmuky benapych. PaGora um oOuieHue
c obyuarommmucs u3 Kurtast Ha 3aHATUSAX B ayIUTOPUU TTOKA3aJIM, YTO CTYICHTaM
BAYKHO a/IalITUPOBATHCA B BYy3€, IPUBBIKHYTh K OCOOEHHOCTSIM PYCCKOTO SI3bIKA
U MeTtoauke npenogaBanus. [Ipu o0ydyeHnn KUTAaHCKUX CTYJEHTOB HEOOXOAMMO
UCIIOJIB30BaTh JJIEKTPOHHBIE CIIOBApH, KOTOPbIE JOCTYIHBI OO0YyYaroIMMCS
(manpumep, «Pycckuii canar»). B HuUX npenoctaBisieTcsi BO3MOXKHOCTb HE TOJIBKO
HAaWTH TEPEBOJ HE3HAKOMOTO CJIOBAa, HO M IPOCIYIIATh €r0 IPaBHIBHOE
IPOU3HOLIEHUE, YTO CIIOCOOCTBYET (POPMUPOBAHUIO (POHETUUECKUX HABBIKOB [1].

[Ipy npoBeneHUM 3aHATUN MO HM3YYEHUIO TeM AUCHMILIUHBI «OOmas
Y HEOpraHWYEeCKas XUMUs MpernoaaBaTenau Kadeapbl MIPUMEHSIIN Je1yKTUBHBIHI
cnoco® moaauu ydeOHOro Marepuana. Takold MeToJ MpenrnoyiaraeT CHayaia
U3JI0KCHHE MPAaBWII U IPUHIUIIOB, 3aTEM — IMPHUMEPOB U TOJIBKO ITOCJIE 3TOTO —
OTJEJIbHBIX HCKIIOUEHUN U UX 00bsicHeHMs. Kurtalickue CTyneHThl MPUBBIKIN
MMEHHO K TaKOM MOJENU IPOBEIACHUS 3aHATHUH, UCIOJB3YEMOW B UX CTPAHE.
[Ipy >TOM MpOSABIAIOTCS HUX CHUJIbHBIE CTOPOHBI B OOYyYE€HHH, a HMMEHHO
JUCUUIUIMHUPOBAHHOCTh, CHOCOOHOCTh IepepadarbiBaTh OoJblIMEe O00BEMBI
uHpopmarmu.  Hanpumep, 1npu  u3ydeHun  TemMbl  «OKHCIUTEIBHO-
BOCCTAHOBUTEJbHBIE pPEAKUMW» CHayajda PEKOMEHIYETCS BBECTH IOHATHUS
(oxuciuTeNb, BOCCTAHOBUTENb, OKHCICHHE, BOCCTAHOBJIICHHE), pPaccKas3aTh
O TUNUYHBIX OKHUCIUTEISX M BOCCTAHOBUTENSAX, 3aT€M CIEIyeT pa3o0path
Y MIPEUIOKUTH BBIYYUTH CXEMBI «IIpOayKThl BOCCTAHOBJIEHHUS A30THOM U CEPHOU
KOHLIEHTPUPOBAHHON KHCIJIOTBDY, PACCMOTPETh NPHUMEPHI PEAKIUN C ydacTUEM
TaKUX KHCJIOT M TOJIBKO IOCJI€ 3TOr0 MOTOBOPUThH O BEUIECTBaX, 00JIaAar0MIUX
OKHUCJIUTEIIBHO-BOCCTAHOBUTEIBHON JBOMCTBEHHOCTHIO, 0 peakumsx
JUCIPOIIOPLIMOHUPOBAHUS M KOHIpoIopuuoHupoBaHus. IIpenonmasarersam
BXHO IMIPOSIBJISITh BHUMAaHWE K KHTAaWCKUM CTyJE€HTaM, I[OKa3blBaTh, 4YTO
npoiiecc 00y4YeHUs: — 3TO COTPYJIHUYECTBO, YTO HA 3aHATHUU MOXKHO M HYXHO
3a/1aBaTh BOIIPOCHI, BECTU JUAJIOT C MIPEMOAABATEIIEM.

I[Ipu oOyuenuu ctyneHroB u3 Kuras gucuumimHe  «OO6mias
U HeopraHuveckas XUMUs» Mepe] MpernojaBaTesiMyd BCTAIOT 33/1a4d HAYyYHUTb
IpeAMETy Ha JIOCTaTOYHOM YPOBHE, yAENWTh BHUMAHHE KaK CJIa0bIM, TaK U
oJlapeHHBIM oOydJarouumcs. s pemieHus JaHHOTO BOIpoca MpernojiaBaTesu
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Kadeapbl HCIOIb30BaId MHOTOYpPOBHEBBIE (MudPepeHIMpPOBaHHbIE) 3aIaHUS
[2], mo3BOJSIONINE NPUMEHUTD UHIUBUIYIBHBIN MOJIXO0/ K KOKJIOMY CTYACHTY.
Takum o00Opa3oM, rpaMoTHasi OpraHM3auus Y4eOHOro mporecca s
cTyleHTOB n3 Kutas cnocoOCTBYyeT MX OBICTpOM M JIETKOW ajanTaliu B BYy3e,
0JIaronpUATHOMY YCBOCHHUIO MaTepuasa Mo u3y4yaeMoi JUCIUILIMHE.

CIIMCOK UCITOJIb30BAHHOM JINTEPATYPHI
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0. 1. CEYKO
benapych, Munck, bI'Y

®OPMHPOBAHUE ®YHKIIMOHAJLHON TPAMOTHOCTH
YUAILIAXCS

B cBa3u ¢ TpeOoBaHMEM BpEeMEHHM M C YYETOM IPEUMYLIECTBa
00pa30BaHHOIO  CHEIMAJUCTa Iepell HeoOpa3oBaHHBIM  0COOYIO  POJIb
npuoOpeTaeT popMupoBaHue GyHKIIMOHATHHOM IPAMOTHOCTH 00yYaEeMBbIX.

Yro xe Mbl IOHMMaeM IOJ ONpeleeHueM «(PYHKIMOHAJIbHAsI IpamoT-
HOCTb»? (DaKTUYECKH 3TO CTENEeHb OOpPa30BAHHOCTH UEJOBEKa (€CTECTBEHHO-
HAay4YHOM, MaTeMaTU4yecKod, HWH(YOPMAIMOHHOW, YUTATENbCKOH U JIp.),
0OyCJIOBIIMBAONIAsl €ro CHOoCOOHOCTh K A()PeKTUBHOMY (HYHKIIMOHUPOBAHUIO
B pa3nu4HbIX cdepax >KU3HU (UETOBEK, COIMYyM, MPHUPOa, MaTepuaibHas
U JyXOBHas KyJbTypa) M 00JacTsIX JeATeIbHOCTH (paboTa ¢ TEKCTaMH
U uHpopManuen, BKIOYas MUGPOBYIO, MATEMaTUYECKYI0, €CTECTBEHHO-
Hay4YHYI0, COIIMaJIbHO-D)KOHOMUYECKY10) [1].
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OOmien3BecTHO, 4YTO (PYHKIMOHANbHAsT TPAMOTHOCTH JOCTUTAETCS
nyTeM (QOpMHUPOBAHUS BaXKHEHIIMX KOMIETCHIIMM, CBSI3aHHBIX C OOIIMMH
3HAHMSIMU, HaBbIKAMH, IEHHOCTHO-CMBICIIOBBIMA YCTAHOBKaMH U JIMYHOCTHBIMH
xapakTepuctukamMu. OHM MOMOTAIOT 00YYaIOIIUMCSI TBOPUECKU CaMOpEaTu30BbI-
BaThCS, COLMAJIBHO B3aMMOJICHCTBOBATh U AANTHUPOBATHCA K U3MEHSIOIIUMCS
ycinoBusiM, 3(G(EKTUBHO pemiath Npo0JeMbl BHE 3aBUCUMOCTH OT chepsl
U crieu(UKH 1esITeIbHOCTH.

3HaHWEBbIE KOMIIETCHIIMU CTPOSTCSA Ha COOJIIOJICHUH BaKHEUIIHX
MPUHITUIIOB: HAYYHOCTH, UCTOPU3MA, HAIJISIIHOCTH, CHCTEMHOCTH O0YUYEHUS U JIp.
dopMupoBaHUE 3HAHMEBBIX KOMITCTCHIIMH (€CTECTBEHHO-HAYYHOMH, MaTeMaTH-
YEeCKOU, YNTATEIBCKOU U JIP.) OCYIIECTBIIICTCS 3a CUET METAIPEAMETHBIX CBSI3CH
B YYEOHBIX HECIUIOIIHBIX TEKCTaX C pPa3HbIMH CHOCOOAMU KOJHMPOBKH
UH(pOpPMAIMU: CIOBECHBIM, TAOJIUYHBIM, CXEMAaTUYECKHM, WJUIFOCTPATHUBHBIM,
kaprorpapuueckum, QR-koasl u T. 1. [2].

[TogoOHOE HamoJgHEHUE y4yeOHOro maTepuaia MpearnoiaraeT pa3jindyHble
npueMbl pabOThl C TEKCTOM (IJIaH, Pe3loMe, KITIOUEBbI€ CJIOBa, (HOPMYIMPOBKA
BBIBOJIOB, IIOUCK, MCKJIIOYEHHE, 3aMEHa, HU30BITOYHAs M HEIOCTaTOYHAs
uHdopMaIus u ap.).

CrparernueckuM HampaBieHHeM (GOpMHUpPOBaHUA  (PYHKIIMOHAIBHON
I'PaMOTHOCTH SIBJIIETCS CO3AAHUE JUAAKTUYECKUX U TICUXOJOTUYECKUX YCIOBUM
OCMBICIICHHOCTH YY€HHs, BKJIIOUYEHUS B HEro OOydYaroIMXCsi Ha YPOBHE
WHTEJUIEKTYJIbHOM, JINYHOCTHOW M COLMAIbHON aKTUBHOCTU. CBSI3b C TEKCTOM
4yepe3 pas3lInuHbIe BHUIbl MHTEIJIEKTYAJbHBIX ONEpaluii, NTpakTUUYECKUE 3adaHus
U3 )KU3HEHHBIX CUTYALIM, BBICOKUW JTUYHOCTHBIN CMBbICT OOYy4EHHUsI; BHYTPEHHSA
OTBETCTBEHHOCTh OOYYAIOIINXCA 32 PE3ybTaT 00pa30BaTEIbHON A TENIBHOCTH;
pa3BUTHE KAa4YeCTB JIMYHOCTH, 00ECTIEUNBAIOIINX OJArONpUsITHBIE PEANOCHUIKH
JUTSl TOCTOMHOM JIMYHOM JKU3HM, & TaKXKe YCIEIIHOr0 y4acTHsl B OOIIECTBEHHOM
U TPYAOBOW XU3HH, Pa3BUTHE MOOMJIBHOCTU B OBICTPO MEHSIOUIUXCS YCIOBUSIX
COBPEMEHHOT'0 MHUpa, THOKOCTh B OPTaHU3ALlMU U METOJIaX OOyUEHHS.

['maBHBIM 3JIEeMEHTOM OOyYeHHs SBISIOTCS COBpPEMEHHbIE YUYEOHUKH
U TI0COOMs, KOTOpBbIE CErOJHS CO3JAIOTCS C YYETOM HJAEU MPEeIOCTaBUThH
o0y4aeMbIM BO3MOKHOCTb CaMOCTOSITENIbHOM peanu3alud WHIUBUAYATbHbBIX
3arpocoB. B ciiydae HE0OXOOUMOCTH HPOCTOrO 3aKPEIICHUS] TEPMHUHOJIOTHU
MO’KHO MPEIYCMOTPETh pa3InyHble BUbI paOOTHI C TEKCTOM U Pa3IMYHbIE BUIbI
MBICIUTEIBHBIX omnepanuid (yWTH OT TMPOCTOM PENpOAYKIMU TEKCTOBOM
uH(OpPMAIUU K MBICIIUTENILHON aKTUBHOCTH).

B cBsi3u ¢ TpeOoBaHMEM BpPEMEHH, YYETOM MPEUMYLIECTB COBPEMEHHOTO
o0pa3oBaHUsI M BAapUATUBHOCTU CPEACTB YCHEIIHOIO OOyYE€HUs] MOTYT OBbITh
WCIIOJIL30BaHbl  Pa3JIMUYHbIE COBPEMEHHBIE YueOHbIe TOCOOUs: YYEOHUKH,
TUAAKTUYECKUE MaTepuasibl, COOPHMKHM 3a7a4y W YHPaXHEHUH, TeTpaau Uis
npaktuyeckux pabot, KT, onopHble KOHCIEKTHI U MHOTHE JIPYTU€ MOCOoOMUs,
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KOTOpPBIE CETOJHS CO3MAIOTCA C Y4YETOM HJIEH MPEAOCTaBUTh O0yJdaeMbIM
BO3MOXKHOCTh CaMOCTOSITEJIbHOM peanu3aliid WHANBUAYATBHBIX 3alPOCOB.
Hampumep, ydaeOHbIe mocoOust utsl U3ydeHus Kypca XMMUN Ha 0a30BOM ypOBHE
obOyuenus (7-9 kmaccel o01eodpa3oBaTeabHON MIKOJIBI Pecryonuku benapych)
(1. E. lllumanoBrnd u Ap.) comepkaT MHOTOUYHUCIICHHBIE BCIIOMOTATE/IbHBIC
DJIEMEHTHI, COJEP)KATEIbHBIC JTUHHUH, MO3BOJIIONINE YYAaIlUMCs HAWTH CBOM
WHTEpEC B MOTOKE MH(OPMAIIUU U BBIPA3UTh OTHOIICHHUE K MPEMETY. ITO TEKCTHI
naparpadoB, MPaKTUKO-OPUCHTHUPOBAHHBIE W TBOPYECKWE 3a/aHus, 3aJaHus
10 TIOMCKY WH(GOpPMAalUK B MHTEPHETE, MOMAIIHUNA XUMHYECKHA 3KCTICPUMEHT,
3aJ]aHMs TIOBBITIICHHOW CIIO’KHOCTH JIJIS TOATOTOBKY K OJIMMIHaiaM (Tabmuia) [4].

Tabnuua — OnemeHTsl popMupoBaHUs GYHKIUOHATBHOW IPAMOTHOCTH
(yueOHuUK xumuu 9 kacca Jij1st 6a30BOM CpeTHEN MIKOJIbI
PecnyOnuku benapycs)

Coneprxanue Y4eOubie TeMsl (4)
Hecnnownvle mexcmul ¢ pazHviMu cnocobamu KoOUposKu UuH@opmayuu:
1. B OCHOBHOl TEKCT BKJIIOYEHBI:

— CJIOBECHOE M3JIOkKeHue MaTepuaia (52 naparpada),

— pyopuka «uTepecHo 3HaTh» (61),

— cxeMbl, pucyHkH (157),

— Tabmuisl (24), apyrue wutoctpanuu (4),

— BBIZICTICHHUE KIIFOYEBBIX CIIOB, PE3IOME,

— IBpUCTUYECKHE BOMIPOCHI (123),

— MPUMEPHI U3 )KU3HEHHBIX CUTYaIHi,

— IpeanpusTus U Hayka xumun B Peciybnuke benapycs (29)
2. JIOTIOJIHUTENbHBIN TEKCT COAECPIKUT:

— pyOpuxka «l"oToBuMcs Kk onmumnuagam» (53),

— BOTIPOCHI U 331aHus (424),

— 3aJJaHusl U3 JKU3HEHHBIX cuTyanui (21),

— JIOMaIIHUM SKcriepuMeHt (12),

— CyMMapHble 33/1aHus Ha popMHUpoBaHre (PYHKIMOHAIBHOM rpaMOTHOCTH (4)
CBs13b Buowi unmennexmyanvhvix onepayuii:

C TEKCTOM — MpakTU4ecKux pador (4),

— J1abOpaTOPHBIX OMBITOB (6),

— IeMOHCTparui (44)

OcHoBHbIE Ilpuemvr pabomei ¢ mexcmom:
BU/Ibl yUEOHBIX | — COCTABJICHHE IJIJaHA OTBETA;
JEHCTBUN — COCTaBJICHUE PE3IOME, BBIJCIICHUE KIIFOYEBBIX CJIOB;

— (opMyIIMPOBKA BHIBOJIOB;

—mnouck uHGOpMalMU, CBA3aHHOM C M3yYEHUEM, IPOU3BOJCTBOM
U HCIIOJIb30BAHMEM METAJUIOB M HEMETAJUIOB, KHUCIJIOT, COJIEH, OKCHUIOB,
ocHoBaHuil B PecniyOnuke benapyce;

— 3aMeHa MOHATHUH, N30BITOYHOM HH(pOpManuu, nouck ¢ npumenenreM UKT;
— BBIJICJICHHE W ONMCAaHHE XapaKTEPUCTHK METAUIOB U HEMETAJIOB M X
COEIMHEHUH B TEKCTE U IO MIJUIIOCTPALUAM, B TEKCTE U 110 PUCYHKAM;
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[Ipooonscenue madauyol

— XapaKTepUCTUKAa OCHOBHBIX CBOWCTB METAJUIOB M HEMETAUIOB M HX
COEIMHEHUI MO0 HAOIIOJCHUIO 32 XOJOM JEMOHCTpPALMiA, JIabopaTOPHBIX
OTIBITOB, PEIICHUS SKCIIEPUMEHTAIBHBIX 33/a4;

— u3yueHue Habopa J1aboOpaTOpPHOTO OOOpPYAOBaHHS W CIIOCOOOB €ro
UCIIOJIb30BAaHUS B X0/1€ XUMHUYECKOTO IKCIIEPUMEHTA

PesynbTar Yuawuuca:

y4eOHOI — BBIACTISET OCOOCHHOCTH CTPOSHHS aTOMOB 3JIEMEHTOB U MX COSAMHEHUIA;
JESTENIbHOCTH | — XapaKTepU3yeT XUMHUYECKHE CBOMCTBAa  JJIEKTPOJIUTOB, METAJJIOB
¥ HEMETAJUIOB M UX COCIMHEHUN; OCHOBHBIE CITIOCOOBI UX MOJTyUCHHUS;

— BJaJieeT 3HAHUSMU O MPOMBILIUIEHHOCTH KHUCJIOT, aMMHaKa, YAOOpeHMi
(u ap.) B benapycu, o0 3HAUUMOCTH MIPEIIPUATHI B peciryOInKe U MHUpE;

— co0uro1aeT mpaBuiia paboThl C XUMUYECKHUMH PEaKTUBAMU;

— yMeeT o0pamaThCes ¢ 1abopaTopHBIM 000y IOBAHUEM;

— OOBSICHSIET TOCJIEIOBAaTeIbHOCTh JIEHCTBUN MpPU PELICHUU PaCUETHHIX
3a1a4

Onnako y4eOHBIM MaTepuall HE JOJKEH IMeperpyk arTbCsi MOHATUSIMU
u (hakTamu, He0OX0IMMa TECHAsI B3AaMMOCBS3b C IPYTUMHU MPEIMETaMU, KOTOpas
00€eCIeyuT MEepPCHEKTUBY Pa3BUTHUS HAYYHBIX W BOCIHUTATEIHHBIX OCHOBAaHUMN
npeaMera, (HOpPMHUPOBAHHME HKOJIOTUYECKOM, 3KOHOMUYECKOW, COLUAIbHOM,
IPaBOBOM, (PYHKIIMOHAIEHON TPAMOTHOCTH.

Bce Oonpmee 3HaueHue a8 QopMupoBaHUS  (PYHKIIMOHAIBHON
rpaMOTHOCTH  MOpHOOpETaeT HAIMOHAIBHBIA U JUYHOCTHBIM  KOHTEKCT
npeabaBieHus nHopmanyu. KomneTeHus rpakJaHCTBEHHOCTH MPEAIO0JIaraet
YBaXXUTEIBHOE OTHOUIEHUE K MPOIUIOMY U HACTOAILIEMY OEJIOpYyCCKOro Hapo/a,
K WCTOPHUH, JOCTIKCHUSIM HAIMOHAIBHOW KYJBTYPBHI, TPAAWIHUAM U OOBIYASIM
CBOET0 HapoJ1a; UACHTU(PUKALNIO ce0sl Kak rpakaanuHa PecnyOnuku benapyce.
[ToaToMy B yueOHMKax XUMHUU OOJIBIIOE BHUMAHUE YJICICHO (POPMUPOBAHUIO
BOCHUTATEJILHOTO MOTEHIIHAJIA C YY€TOM HallMOHAJIBLHOI'O KOHTEKCTa [3].

[Tpobnema popmupoBaHus PyHKITMOHAIIBHON IPAMOTHOCTH 00YUaIOIIUXCS
3aBUCHUT OT LIETIOTO psAna (PakTopoB, MPEXIE BCETO OT BHEIIHUX COIMAIBHBIX
YCJIOBUH, MTOCKOJIBbKY JIESITEIbHOCTh YEJIOBEKA BCET/Ia €CTh OTPAXKEHUE B3IIISI/IOB,
LEHHOCTHBIX OPUEHTAIMI, YyCTAHOBOK TOT'O COLIMAIIBHOTO CJIO0SI, TPEACTABUTEIIEM
KOTOPOTO OH sBJIA€TCA. boiblioe 3HaueHue MMEET U MEXaHU3M Nepelayvyd —
cucteMa o00pa3oBaHUs, BOCIHMTAHHME, COJEpPNKAHUE W  HANPABICHHOCTbH
rOCyJapCTBEHHOW MOJIOJI)KHON TMOJIMTUKH, a TaKXKe TO, KaKoe OTPaKEeHUE
JTAHHBIN OTBIT HAMAECT B CO3HAHUM 00YYaIOIIETocs B BUJI€ MHTEPECOB, IICHHOCTEH.
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K coaepxkanuio

VJIK 378:54

H. C. CTYIIEHbD, B. B. KOBAJIEHKO
benapycs, bpect, bpl'Y umenu A. C. Ilymkuna

METOANYECKHUE ACIIEKTBI MHTEPAKTUBHOI'O
OBYYEHUA IMCHUIIJIMHE «METO/IUKA PEINEHUA
3ATAY ITO XUMHUN»

N3ydyenne DUCHMIUIMH XUMHUYECKOTO IMKJIa BKIIIOYAeT B ce0s yMeHHe
pemiarb xuMuueckue 3aaadyd. Ilo MHeHuro A. M. X0XJI0BOH, XHUMHYECKas
ydeOHas 3ajjaya — 3TO MOJIe]b IPOOJIEMHOM CUTyalluu, IPEeoJ0JICHUE KOTOPOi
TpeOyeT OT yJallluXCsl MBICIUTEIbHBIX U MPAKTUYECKUX YCHIMHA HA OCHOBAaHUU
NMO3HAHUA 3aKOHOB, TEOpPUM UM  METOJOB XUMHUH, OPHEHTHPOBAHHAs
Ha 3aKpervieHue, yriiyoJieHHe 3HAHMM W pa3BUTHE XUMHUYECKOTO MBIIUICHHUS.
[TocTaHOBKa TakuX 3a7a4y MUMEET BUJ CO3MAATENIbHOM JESATEIBHOCTH, & MOHUCK
penieHus — npoiiecc uzooperarenscra [1]. Pemenue 3agau pacmumpsiet Kpyro3op
CTYJIEHTOB, IO3BOJISIET YCTAHOBUTD CBSI3b XUMUU C APYTMMH HayKaMu, OCOOEHHO
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C (u3ukol W MaTreMaTWKOW, pa3BUBACT YyMEHUE JIOTUYECKH MBICIUTD,
BOCITUTBIBACT CAMOCTOSITCIIbHOCTb.

YMeHue peniath pacyeTHBIE 3a/1aud SIBJSICTCS OJIHUM U3 ONPEEISIONINX
(GhakTOpOB TMpH OIICHKE YPOBHS 3HAHUN CTYJACHTOB M SBISETCS OIHUM
W3 KPUTEPUEB MPOYHOT0 YCBOCHUS JUCIUIUIMH XUMUYECKOTO 1TUKJIA.

B yupexnenuu odpazoBanus «bpecTckuii rocy1apcTBEHHbI YHUBEPCUTET
nuMmenn A. C. IlymkuHa» BeneTcsi MOATOTOBKA CTYACHTOB IO CIEIMAIbHOCTH
1-02 04 01 «buonorus u xumuss». Ocoboe MeCTo cpeu AUCHUIIIINH KOMIIOHEHTA
YUPEKJICHUS 00pa3oBaHUs IS OyAyIIMX yYuTeJdeHd XUMHUU 3aHUMAeT JUCITUII-
auHa «MeToauKa pemeHus 3a1a4d 1mo xumMun». CrnenuranbHasi KOMIIETEHTHOCTh
YUHTENI XHMHH TIOJ[pa3yMeBaeT oO0jamaHue oO0Ie- W YaCTHOXMUMHYCCKUMHU
COOTBETCTBYIOIIMMHU KOMIIETCHIIUSIMA B OO0JAaCTH OpPraHUYECKOW, HEOpraHu-
YecKoM, (u3n4ecKor, OMOJOTHYECKOM, KOJUIOUIAHOM, aHATUTUYECKOW XUMUH,
dbopMUpyeMbIMU TIpU  OOYYEHHUHM OTIEIBHBIM XUMHUUYECKUM JIUCIUIUIMHAM
NpeaAMETHOM/TIPOUIIBHOM TMOJATOTOBKM B TEJAarorMueckoM BYy3€ W peayu-
3yEeMbIMH B TUYHOCTHO U COLIMAIBHO 3HAUMMOM OIIBITE B 00pa30BaTEIbHON Cpejie
XUMHYECKoro odpa3oBanus [2].

[IpenmeTHass XUMHYECKas KOMIIETCHIMS OyIyIIMX YYHUTEICH XUMHUH
MIPUMEHUTENIBHO K Kypcy «MeToauka pemeHus 3ajad 1Mo XUMUWY, 110 HalleMy
MHEHMIO, CBsi3aHa C ()OPMHUPOBAHHUEM Y CTYJEHTOB pallMOHAJIBHBIX IPHUEMOB
MBIIIUICHUSI U HaBBIKOB CAMOKOHTPOJIS, yCTpaHeHHeM ¢opManu3Ma 3HaHHM,
Pa3BUTUEM CaMOCTOATEIBLHOCTU. IMEHHO pacueTHbIC 3a/1a4i PACKPBIBAIOT IIepe/T
CTyJI€HTaMH KOJIMYECTBEHHYIO CTOPOHY XMMHM KaK TOYHOM Hayku. Yepes
3a/1a4l OCYILECTBIISIETCS CBA3b TECOPUU C MPAKTUKOM, B MPOIIECCE UX PEIICHUS
3aKPEIUISIIOTCS U COBEPIICHCTBYIOTCS XUMHUYECKHUE TOHSATUS O XUMHUUYECKUX
AJIEMEHTaxX, MPOCTBIX M CJIOXKHBIX BEHIECTBAX M MPOIECCaX; PaCKPbIBAIOTCS
MPUYUHHO-CJICACTBEHHBIC CBSI3M MEXAY XUMHUUYECKUMU MPOIECCaMU, MOJIyde-
HHUEM BEIIECTB W NPUMEHEHHEM JJISI UX KOJUYECTBEHHOM XapaKTEPHUCTUKH.
B nanHoM ciydae (opMHUpOBaHME XUMUUYECKON KOMIETEHTHOCTH Pealnu3yercs
yepe3 MOHMMAaHWE OCHOBHBIX aJTOPUTMOB BBIYMCICHUM B XHWMHHU, 3HAHUE
dbopMyJT ISl pacyeTOB XMMHYCCKMX BEIWYWH, YMCHHE MPUMCHSATH Oa30BbIC
3aKOHBI XMMHUHU K PEIICHHUIO 33/1ad U Pa3IMYHbIC CIIOCOOBI PEIISHUS] THUIOBBIX
XUMUYECKHUX 3a7a4.

OcHoBHOM (hOopMO¥1 3aHATHM 1T TUCIUTUIMHBI « MeToIMKa pereHus 3a1a4
110 XUMHU» SBJISETCS MpakTUUecKoe 3aHsaTue. [IpakTudeckue 3aHATUSI B TEUCHUE
JIOJITOT'0 BPEMEHH UCTIO0JIb30BAUCH TPEUMYIIIECTBEHHO ISl O0y4YEeHUS CTYICHTOB
PEILICHUIO PacUYEeTHBIX 3a/a4 M0 JaHHOW XMMHUYECKOU TUCHMIIIMHE, HAITMCAHUIO
YpaBHEHUN XUMUYECKUX PEAKIIUNA U TPEHUPOBKH MOJOOHBIX YMEHUH. Y CIIEUTHBIM
pe3yJIbTaTOM CUMUTACTCSl TOSIBJICHUS HaBbIKa B PEIICHUU OMPEICIICHHOTO THUIa
XUMHUYECKUX 3a7a4y. HecoMHEHHO, XMMHYECKHEe 3aJayd Kak Ccreruduueckoe
CPEACTBO OOYUYEHMS] XMMHUU TO3BOJISIOT MPOBEPUTHh 3HAHUS CTYJIEHTOB Ha BCEX
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YPOBHSIX YCBOECHMS T€OpeTHueckoro marepuaina. C 3Toil LeNbl0 MPaKTUKYETCs
BO3pacTaHUE CIIO)KHOCTH 3a7a4, BBEJIECHHE B YCJIOBHE HECOOTBETCTBHIA,
npoTuBOpeurii. B  MeToaudeckoil CHUCTEME HWHTEPaKTUBHOIO OOy4YeHHUS
XUMUYECKUM JUCHUIUIMHAM Ha WHTEPAKTUBHBIX IPAKTHYECKUX 3aHATHAX
BEIYLIUM SIBIISIETCS METOJl peuIeHHs y4eOHBIX 3a7ad Ha OCHOBE aHalIu3a
KOHKPETHBIX cuTyaruil. OJTHaKO TOJBKO HABBIK B PEIICHUH ONPEIEIEHHOIO THIIA
pacyEeTHBIX XMMHMYECKHUX 3a/a4 HE COOTBETCTBYET OBJIAJICHHUIO KOMIIETECHIMEH,
KOTOpasi COCTOMUT €IIe U B JEMOHCTPALMM 3HAHUM M NOHMMAaHUS BaKHEUILNX
(akToB, KOHLENUUH, MNPUHLMIIOB M TEOPUNH XUMHUHU, WX HHTEpIpETALHH,
TBOPYECKOM IPUMEHEHHMH U OLlcHUBaHUU. [lo3TOMYy Hapsiay ¢ COBpEMEHHBIMU
METOJMKAaMU OOY4YEHHsI PEIICHHI0 XWMHUYECKHX 337a4 Ha IPAKTHYECKUX
3aHATHSX 0053aTE€NbHO JOJDKHO IMPUCYTCTBOBATh KOJUIEKTUBHOE OOCYXKIACHHE
u3y4yaeMbIX (PaKTOB W TEOpUi, MNpoOJIeM, CBA3aHHBIX C pELICHUWEM 3a]ad,
NPUMEHEHUEM XUMUYECKUX SIBJICHUM U T. T1.

Panee nHamm Oblna paspaboTaHa MOJAENIb COAEP)KAHUS NPEIMETHON
XUMUYECKONM KOMIIETEHIMH Uil JUCUHUIUIMH XUMHUYECKOro UHKJIA. bbuin
BBIJICJICHBl CIICAYIOIIME COACPKATEINbHBIE MOIYJIM IMPEAMETHOW XMMHYECKOU
KOMIIETEHIIMH: «XUMHUYECKHNA 3ieMeHT», «lIpoctoe BemectBo», «CioxHOE
BEILECTBO», «XHWMHUYECKHM 3KCIEpPUMEHT», «MartemaTudueckue pacdersd» [3].
Msl cuuTaeM, 4TO AAHHYHO MOJEIb COJEPKAHUS XUMHUYECKOW KOMIIETCHIIMH
MO>KHO MPUMEHHTH U JJI1 JUCUMIUIMHBI « MeToIMKa peleHns 3a1a4 110 XUMUI)
(Tabmuma).

Tabnuma — neMeHTbl COACPKAHUS TPEAMETHON XMMUUYECKON KOMITETCHIINU
MIPUMEHUTENILHO K KypCy HEOPraHUYeCKON XUMUU

Mopyib DJEMEHTHI CoAepKaHUs
XUMHUYECKUI 3HaHue GpopMy s pacyeTa MacCOBOM M MOJIBHOM JOJIM XUMUYECKOTO
JJIEMEHT JJIEMEHTA B COCIUHECHUSX.

3HaHMe MOHATHHI: a0OCOJMIOTHAs Macca aToMa, OTHOCHUTEJIbHas Macca
aToma, aTOMHas ¢IMHUIIA MACCHI.

3HaHI/I€ CTpOGHI/IH ATOMOB XUMHNYCCKUX DJICMCHTOB.

YMeHHe  paccuuThiBaTh YHUCIO W XUMHYECKOE  KOJIHMYECTBO
BHGMGHTapHBIX YJaCTHUIl B aTOMax 2JIECMCHTOB.

3HaHUE CTENEHEW OKUCIEHUs AaTOMOB DJJIEMEHTOB U  PSJIOB
COOTBETCTBYIOIINX COSAUHEHUN AIIEMEHTOB.

YMeHue omnpenensaTh CTENEHU OKHUCICHUS 3JIEMEHTOB B XUMHUYECKOM
COCIMHCHUH W WCIOJIB30BaTh METOJ JJICKTPOHHOTO OanaHca s
PacCCTaHOBKH CTEXHOMETPUYECKUX KOI(D(OUIIMEHTOB B YypaBHEHUSX
OKHCITUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKITHIl

HpOCTOC 3HaHue QJICKTPOHHOI'O CTPOCHUSA ITPOCTHIX U CJIOKHBIX BCIICCTB.
" CJIIOKHOEC 3HaHNEe XUMHYSCKHUX CBOICTB IMPOCTBIX U CJIOKHBIX BCIICCTB,
BCIICCTBA 3HaHHC Ha60paT0pHBIX U TPOMBINUICHHBIX CIoco0oB MMOJIYy4YCHU A

BEIIECTB.
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[Ipooonscenue madauyol

[ToHnmaHue MeXaHU3Ma XUMAYECKUX PEAKLIUA.

3HaHHe OCHOBHBIX  TEPMOJMHAMHUYECKUX H KHHETHYCCKHUX
3aKOHOMEPHOCTEN IIPOTEKaHUS PEAKLIUN.

YMeHne KimaccHpUIMPOBaTh XHMHYECKHE PEAKIMH TI0 Pa3HbIM
MpU3HAKaM.

3HaHWE TOHATUM: OTHOCUTEIbHASI MOJICKYJSIpHAs Macca, MOJsipHas
Macca, Macca BeIIeCTBa, XUMUYECKOE KOJIMYECTBO BELIECTBA, MOJISIPHBII
00beM rasa, o0ObeM rasza, OTHOCHTEIbHAS INIOTHOCTHL OJHOIO rasa IIo

JIPYromy
XuMuyeckue YcTaHOBIEHHE SMIUPUYECKONM W HCTHUHHON (POpMyd MO MacCOBBIM
pacueTsl JIOJISIM 3JIEMEHTOB, BXOISIIUX B COCTAaB BellecTBa. PacueT 0ObEMHBIX

OTHOILIEHUH Ia3000pa3HbIX BEILECTB 10 XUMHUECKUM YPaBHEHUSIM.
Brluncnenue OTHOCUTENBHOM INIOTHOCTH U MOJISIPHOW MacChl I'a30B.
Bbluucnenue  MOJIIpHOM — KOHUIEHTpauuu Ta3oB. Pacdersl 1o
TEPMOXMMHUYECKUM YpaBHEHHUSM. BplunClIeHHE 10 YpaBHEHUSIM
peaKIuii, MPOTEKAIOLIUX B PaCTBOPAX.

Pacuer macchl BemiecTBa winM 0o0beMa pacTBOpa, HEOOXOAUMOIO JUIs
[IPUTOTOBJICHHUSI PAacTBOpa C 3aJaHHOM MaccoBOM Joyieill (MOJIIpHOM
KOHIICHTpALIUEH ).

Omnpezenenue BbIX0/a MPOAYKTa PEaKLUU.

BreBog ¢Gopmyn opraHmdeckMx BemecTB 1o oOmieir  ¢opmyue,
OTpa’karolen UX COCTaB.

YcraHoBiieHHE MOJEKYJSPHBIX (OpPMyNT OpraHMYecKHX BEIIECTB Ha
OCHOBAHUU MPOJIYKTOB UX CTOPAHMSL.

PacueTsl MO XUMHUYECKUM ypaBHEHHSIM, €CIH OJIHO U3 pearupyronmx
BEIIIECTB B3ATO B U30BITKE.

Bolunicnenue Macchl pacTBOPEHHOI'O BELIECTBA M PAaCTBOPUTEIS.
Bbuucnenue  Macchl  KpUCTAJUIOTHIPATOB, HEOOXOAMMBIX  JIJIS
MIPUTOTOBJIEHUS PaCTBOPA 3aJaHHOTO COCTAaBA.

Brruucnenue maccel pacTBopa Mo €ro oobeMy UM o0beMa pacTBopa
10 €ro Macce.

Bbluncnenus npu  pa3baBieHMM W TPUTOTOBIEHHMH  Ooiee
KOHIICHTPUPOBAHHBIX PACTBOPOB.

Pemienue 3aau o B3aMMHOMY IIEpEBOJIy MacCOBOW JIOJU U MOJISIPHOM
KOHIICHTPAIUH.

Brruucnenus no ypaBHEHUSIM peakivif, IPOTEKAIONIIUX B PaCTBOpaXx.
Brruucnenue crenenu 1uccoIyaliuy mo 3akony pazoasienus OcBaibaa.
Brruncnenue BoIOpoTHOTO MOKA3aTeNsl B paCTBOPAX CHIIbHBIX U CIa0BIX
ANEKTPOJIUTOB.

Bbruucnenue BOJOPOAHOIrO TMOKa3aTedss B pPacTBOpax, MOJTYYEHHBIX
cMelleHreM c1a0o0il KUCIOThI U €€ COJIM WK ¢1a00ro OCHOBaHUS U €ro
coiu. PemieHne kaueCTBEHHBIX 3a/1a4 110 THAPOIU3Y COJEH.

Bnagenue npaBuiaMu oopMIIEHHS XMMHUYECKHX 3a7a4

Ha HHTCPAKTUBHBIX MPAKTUYCCKUX 3AHATHAX HA CTYIICHU O3HAKOMIICHUA
HCIIOJIB3YCTCA MCTOA KOJUICKTUBHOTO PCHICHUA yqe6Hbe 3aJa4 Ha OCHOBC
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aHajau3a KOHKPETHBIX (M3BECTHBIX) CHUTyallUd TMOJ HENOCPEICTBEHHBIM
pPYKOBOJCTBOM mnpenojaBarens. CHavaia pa3Oupaercsd CTaHAAPTHBIA METOA
peleHus 3a7a4 (aIropuT™), 3aTeM MOAPOOHO pacCMaTPUBAIOTCS TIPETIOKEHHBIE
CTyJIGHTaMU OOpa3libl pEeHIeHUs] 3aJaud COTJAcHO BBISIBICHHOMY alrOpPUTMY
JEATEIIBHOCTH B HECKOJIBKMX BapUaHTax, MOCJE YETO CTYJIECHTAM IPEAJIaracTcs
OCYILECTBUTh PELICHUE CAMOCTOSITEIBHO B AYJIUTOPUU. AHAIOTMYHBIE 33/1a4d
COCTaBJISIIOT IOMAIIIHEE 3a/IaHHUE.

@opMHUpPOBaHUE Y CTYAEHTOB 3HAHUN, YMEHUN U HABBIKOB B PEUICHUU
pacyeTHBIX 3a7a4 MPOUCXOAUT HE TOJBKO HAa ayAUTOPHBIX 3aHATHUSX, TJE OHU
MOJIyYaroT JIMIIb YCTAaHOBKY Ha ydeOy. YueOa, 3aKkpeluieHHe W IOIMOJIHEHUE
3HAHWKM, NPUOOPETeHWEe YMEHWW W HABBIKOB B 3HAYUTEIILHOW CTEIICHU
00€eCleynBalOTC B XOJI€ CAMOCTOSITENBHOM paboThl CTYAEHTOB. 3ajada
IIPENoIaBaTesisi — IOMOYb CTY/I€HTaM OPraHU30BATh CAMOCTOSITENIbHYIO padoTy,
noAOupast JJii ATOTO HMHTEPECHBIE TBOPYECKUE 3aJaHusi U 00s3aTEIIbHO
KOHTPOJIUPYSI UX BBITTOJIHECHHUE.

Crenyromum 3TanoM B OCBOCHHMM PEIICHHS 3a7a4 ONPEAECIEHHOIO THUIIA
SBJIETCSI TIOUCK JAPYTMX JOMOJHUTENBHBIX CHOCO00OB uX pemieHus. Jlis
yKa3aHHBIX IeJeil HEoOXOJMMO yMEHHE 3aKOHOMEPHO  Pa3MbIIUISTh,
AHAJIM3UPOBATh, IIPOCIIEKUBATh BCE CBSI3U MEXKIY SIBIICHUSIMU, ONIMCAHHBIMU B
YCIIOBUM.

3aKIIOUUTENIbHBIM ~ 3TAallOM  SBJISIETCS YMEHHME COCTAaBIATh  3aJlauu
CaMOCTOSITENIbHO, TPOSBISAS 3HAHUS XUMHUUYECKHX MPOLIECCOB U UX CBA3b C
MIPAKTUYECKUM IPUMEHEHUEM.
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JABOPATOPHBIN IPAKTUKYM IO UCCJIEJJOBAHUIO
KAYECTBA 3EPHA IIPU U3YYEHUU JUCIHUITJIMHbI
«TEXHOJIOI'MU IEPEPABOTKU 3EPHOBOI'O CbIPbS»
CTYAEHTAMMHA CIIEUAJIBHOCTHU «MAIHIUHBI

N AIIITAPATHBI IIMINEBBIX ITPOU3BOJACTB»

HNucnuminna «TexHomoruu mnepepabOTKU 3€PHOBOTO CHIPhS» SBISETCS
ONHUM ©3 0a30BBIX KypCOB [JIi H3Yy4YEHHUs CTYJACHTaMU CHEIUaTIbHOCTU
«MammuHsl 1 annapaTsl TUIIEBBIX TPOU3BOICTBY. [{eb0 n3yueHus JUCIUILIUHbBI
ABJISIETCA TMOJNy4eHUE TIYOOKMX 3HAHUM B 00JaCTH: TEXHOJIOTUU MHIIEBBIX
MPOU3BOJICTB Ha 0a3e TEOPETUYECKUX OCHOB (DU3UUYECKUX, XUMHUUYECKUX,
OMOXUMHUYECKUX M JPYrMX TMPOLIECCOB; XHUMHYECKOTO COCTaBa ChIPbS,
B3aMMOJICHCTBUSL  PA3JIMYHBIX KOMIIOHEHTOB, KOTOpBIE ONPENENISIOT BCE
TEXHOJIOTUYECKUE TIPOILIECChl MU KAdeCTBO TOTOBOM MPOAYKIUHU, YCIIOBHIA
XpaHEHHUS] U OIEHKH KadyeCTBa ChIPhS; TEXHOJIOTMUYECKHX pacdeToB, Moadopa
U pacyeTa TEXHOJOTUYECKUX JIMHWI; HAyYHBIX OCHOB TEXHOJOTHH IHILEBBIX
MIPOU3BOJICTB, TO3BOJIAIONIMX BBIOPATh ONTHUMAJBHBIE YCIOBHUS IPOIIECCOB
C YYETOM HOBBIX JIOCTHXKEHUW HAYKM U TEXHHUKH, 3apyOeKHOTO OIBITa,
HKOJIOTUYECKUX MTPOOJIEM COBPEMEHHBIX MUILIEBBIX TPOU3BOJICTB.

Kypc «TexHomorun mnepepaOOTKH 3€pHOBOTO  CHIPbS»  BKIIOYACT
CJICAYIOIIME COCTaBHbIC YacCTHU: OCHOBHBIC COCTAaBHBIC BEIIECTBA MHUIIEBBIX
MPOJYKTOB; OPraHOJENTUYECKUE U (PUBMKO-XUMHUUYECKUE TTOKa3aTeIu KauyecTBa
CBIPbsI U TIUILEBBIX MPOAYKTOB; CIEIIUATbHBIEC TEXHOJIOTHU Pa3IMYHbIX OTpacien
MUIIEBOM MPOMBIIUICHHOCTH; XapaKTEPUCTUKA OCHOBHBIX BHUJIOB CHIPHS;
JIOCTaBKa, MPUEMKa U XPaHEHUE; METOIMKA MPOJAYKTOBOIO pacuera; crerudpuka
TEXHOJIOTUYECKUX MPOLECCOB MOJyYEHUSI OTACIbHBIX BUAOB NPOTyKIIUH.

3amauamMu  O0yueHHUs SBISIOTCS: OCBOCHHE TEOPETUYECKMX 3HAHUU
Ha OCHOBE BaXHEHMIIMX 3aKOHOB COBPEMEHHOM NHUILEBOM TEXHOJIOTUU
JUIS. IOHUMAHHS CYIIIHOCTH TEXHOJOTHMYECKUX MPOLIECCOB, CBA3AHHBIX C MEpe-
pabOTKOW M WMCIOJIb30BAHUEM IHINEBOTO CHIPhs; MOJYYCHUEM Ka4eCTBEHHOM
rOTOBOM MPOAYKIMHU; (OPMHUpPOBAHME Y CTYJACHTOB TMOHUMAHUS 3HAYCHUS
METOJIOB COBPEMEHHBIX TMHUILEBBIX TEXHOJIOTUH; (POopMHUpOBaHHUE paAITMOHATBHBIX
MIPUEMOB MBIILJICHUS, YMEHUS aHAJIU3UPOBATh M CUCTEMATHU3UPOBATH JaHHBIE,
MoJlydyaeMble B XOJI€ TEXHOJIOTHYECKOTO0 JKCIIEPUMEHTA; Pa3BUTHE HABHIKOB
CaMOCTOSITeJIbHOM palOoThl, HAIICJICHHBIX Ha MNPUOOpPETeHHE HOBBIX 3HAHUU,
HEOOXOIUMBIX 111 Oy y1ieit mpodeccuoHaaIbHON AesTeTbHOCTH.
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Lenpto 1a0OpaTOPHBIX 3aHATUN SABISETCS 3aKPEIJICHHE W YIIIyOJeHHUE
JIEKIIMOHHOTO MaTepHalla, TEOPETUYECKOE M SKCHEPHUMEHTAIBHOE HW3YUYECHHE
BOXHEHIIINX OPraHOJIENTHYECKUX U (PU3UKO-XMMHUECKUX TIOKa3aTesiel KauyecTBa
ChIpbSl M LEJEBBIX MPOAYKTOB IMIIEBOM MPOMBIIUIEHHOCTH, a TaKXe
OpUOOpPETEHUE HABBIKOB CAaMOCTOSITENIBHOM  HCCIIEI0BATENIbCKOW  pabOThI
1 00pabOTKH pe3yabTaTOB IKCIEPUMEHTA.

Hina  nucuuiuiebl - «TexHosorun mnepepabOTKH  3€pHOBOTO  CBHIPhS»
pa3paboTaH yueOHO-METOINYECKUN KOMILIEKC C Y4ETOM OCHOBHBIX MOJIOKEHUH
KOHIEMNIIMM CUCTEMBI HENTPEPhIBHOIO 00pa3zoBanus Pecny6nuku benapyce.

IIpu npousBOJACTBE MYKH M KpyHbl IEPBOM CTaJUEH TEXHOJOTMYECKOTO
npolecca SBISETCS IMOATOTOBKA ChIPbs. 3€pPHO SIBISETCA JOPOTUM CBHIPHEM.
B 00mmx 3arpaTax Ha IpOU3BOACTBO MYKH U KPYTbI Ha 100 3€pHA MPUXOJAUTCS
oonee 90 %. IloaToMy BaXHO WCIONB30BAaTh 3€PHO C  HAWBBICIIEH
3} (HEKTUBHOCTEIO, T. €. 00ECTIEYNTh MAKCUMAJIbHBIN BBIXOJ] TOTOBOM MPOAYKIIUH,
HaWJIyyllee €€ KayecTBO IMPU MHUHHUMAJIBHBIX YAEJIbHBIX 3KCILTyaTallMOHHBIX
pacxonax. Pemenue 3Toi 3aaud BO3MOXHO TOJIBKO Ha OCHOBE YNPABIICHUA
CBOMCTBaMH 3€pHa B IIPOIIECCE MPOU3BOACTBA MYKH. TE€XHOJIOTHYECKHUE CBOKCTBA
3€pHa SIBJISIIOTCA MPOW3BOJHBIMU OT TPYIIIBI NEPBUYHBIX CBOWCTB, KOTOPBIE
BKJIIOYAIOT (PU3MKO-XUMHUUECKHE, OMOXUMHUYECKHE, CTPYKTYPHO-MEXaHUYECKUE,
TeIo(U3NUEeCKUe CBOICTBA, a TakK€ AaHATOMUYECKOE CTPOEHHUE 3E€pHa.
TexHOoIornyeckrne CBOMCTBA 3€pHa B 3HAYUTEIIBHON CTEIIEHU OIPEACIIAIOTCS €r0
CTPYKTYpPOW, COOTHOLIEHHEM MacC AaHATOMHUYECKMX 4YacTeld, a TaKKe
pacrnpeziesieHue 0 HUM XMMUYECKUX BELECTB: OEKOB, KpaxMaia, KIeTYaTKH.

OU3UKO-XUMUYECKHE CBOMCTBA 3€pPHA OLEHUBAIOTCS OOJBIIMM YHUCIOM
noKasaTeliel, ONpeessIIOUUMX Pa3IMYHbIe CTOPOHBI 3TUX CBOMCTB. s 3epHa
U OCHOBHBIX KOMIIOHEHTOB KOMOHMKOPMOB OCHOBHOE 3HAaY€HUE HUMEIOT
CJIEIyIOLIME MOKA3aTeNn: FeOMETPUYECKasl XapaKTepUCTUKA 3€pHA, 30JbHOCTD,
KPYIHOCTb M BRIPABHEHHOCTb 3€PHOBOM MAacCChl, HATypa, INIOTHOCTb U YIEIbHBIMA
o0bem, macca 1000 3epeH, CTeKIOBUAHOCTH 3€pHa.

bonpuioe 3HaueHWE HMMEET COOTHOIIEHWE IMOBEPXHOCTH 4YacTHL, HX
TUTPOCKOIIUYHOCTD, CBIITYYECTh, CIIEKUBAEMOCTb. OTH CBOMCTBA OKAa3bIBAOT
CYLIECTBEHHOE BJIMSHHE Ha BbHIOOpP KOHKPETHBIX pPEXUMOB DPa3MEHHBIX
TEXHOJIOTMUECKHUX MPOLIECCOB MYKOMOJIBHOTO M KPYISIHOTO M KOMOMKOPMOBOTO
IIPOU3BOJICTBA; U3MEJBYEHUS, CEIaPUPOBAHHUS, CMEILIMBAHHS.

dopma U JIMHEHHBIE pa3Mephbl 3epHa BIMAIOT Ha BBIOOP CUT BO3AYIIHO-
CUTOBBIX CEMapaTopoB, a TaKKe Ha XapaKTepUCTUKY padouux OpraHoB
U3MENIbYAIOIIMX U MIeNYHIWIbHBIX MamuH. O()QPEKTUBHOCTh TEXHOJIOTHU
TEM BBIIIE, YEM MEHbIIE pa3IMYaroTCs TMOKa3aTela TI'€OMETPUUYECKOM
XapaKTEPUCTUKHU YACTHI] CHIITy4ero Marepuarna.

WNHxeHep N0KEH YYUTBIBATh 3TO M BRIOUPATh PEKUM IpoIiecca COrIacHO
OMOXUMHUYECKUM OCOOEHHOCTSM JTAaHHOW MapTHH 3epHa.



247

CTpyKTypHO-MEXaHMYECKUE CBOMCTBA 3€pHA YBS3BIBAIOT CTPYKTYpPHBIE
OCOOCHHOCTH MaTepHalia C €ro peakiueldl Ha MEXaHHMYeCKoe BO3JEHCTBHE.
DTH CBOMCTBA OMPENETSAIOT MPOIECC U3METBUCHHS 3€pHA, METYIICHUS, BBIXO
¥ Ka4eCTBO MPOAYKTOB APOOJICHHS, PacXoJ AJICKTPOIHEPTUH Ha HM3MEIbUeHHUE
3epHa. [ JTaBHBIMU KPHUTEPUSMHU OILIEHKH MEXaHWYECKHX CBOWCTB MaTEpHAaJIOB
BBICTYTIAIOT UX MMPOYHOCTh U TBEPJOCTb.

ba3ucHBIMU KOHIUITUSMU HA3bIBAIOT HOPMBI KauecTBa, 00CCIICUNBAIOIIUE
€r0 COXPaHHOCTh U TIOJTYyUEHUE CTAHIAPTHOUW MPOTYKITHH.

baszucHoe kauecTBO 3epHa OMPEIeTICHO CICAYIOIUMU KaueCTBAMHU:

— BIIaXXHOCTH — 14 %;

— 30JIBHOCTH OYHINEHHOTO 3epHa — 1,85 %);

— coJiep>kaHue copHoit mpumecu — 1 %);

— COJIeprKaHKe 3epHOBOM IIpuMecH - He Oosee 5 %0;

— Hatypa — 775 r/m;

— CTEKJIOBUIHOCTE — He MeHee 50 %.

OrpaHnYuTEIPHBIMA ~ KOHIWIMSIMH  HA3bIBAIOT TPEACIbHBIE HOPMBI
KauecTBa 3€pHa, MPHU KOTOPHIX BO3MOXKHA MPHUEMKA 3€pHA B 3€PHOXPAHUIIMINA
3epHONEpepadaTHIBAIONIUX MPEATPUSITHIA.

[Ipu wuccremoBaHuM KadecTBa 3€pHAa B JabOpaTOpuUU  CTYAECHTHI
cnenuaibHOCTU «MalllMHBI U anmnaparthl MUIIEBBIX MPOU3BOACTBY OMPEIEISIOT
CJIEIyIOIIME TTOKA3aTeNu M0 CTaHIaPTHBIM METOINKAM:

1. Omnpenenenue 3aCOPEHHOCTH 3epHa. MccnemyoT HaBecKy 3epHa Maccoi
100 r, oripeensitoT 3aCOPEHHOCTD 3epHA IO CIEAYIOIIUM MoKa3aTessaM (Tabmuiia 1).

Tabnuua 1 — Buasl 3acopeHHOCTH 3epHa

3epHOBasi NpUMeECh Copnas mpumech
buras YacTtu aucTheB
N3benenHas 3emuis, MecoK
3eneHas CemMeHa COpHBIX TpaB
IToremHeBIIAs S TOBUTBIE COPHSKHU
IIpopocmas Bpennas npumecs
Paznyras 3epHO APYrux 3J1aKOB

ITocne npoBeacHUs aHAIM3a OMPEEIAIOT MPOIEHTHOE cooTHOIIeHuE (%)
3epHOBOM, COPHON PUMECH U HOPMAJIbHBIX 3€PEH.

2. OnpenieneHne BIaXXHOCTH 3epHa. M3 cpemHero oOpasia BBLACISAIOT
okosio 30 r 3epHa ¥ noMmemaroT ux B yamky llerpu. 3atem u3 wamku I[letpu
B TpPEIBApPUTEIHHO BBICYIICHHBIE W B3BEIICHHBIE OIOKCHI OEpyT HaBECKY
4-5 r ¢ tounocthio 10 0,01 r. CymmnbHbIN 1IKad HArpeBaroT A0 TEMIEPATYpPh
130 °C, no JOCTHKEHHUIO YKa3aHHOM TeMrepaTypbl B mKad ObICTPO MOMENIAOT
OIOKCHI CO CHSTBHIMU C HUX KpBIIIKaMu. BeicymmBanue B mikady MpOU3BOMIST
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B TeueHue 40 MunyT. [1o ncreuenun 40 MUHYT OIOKCBHI C HABECKAMU BBIHUMAIOT
U3 IMmKada THUTENbHBIMU MIMIIAMU, TOKPHIBAIOT KPBIIIKAMH U TEPEHOCST
B DOKCHUKAaToOp, IrJe OHU oxJaxaatorcs npuMmepHo 15-20 wmwunyt. Ilocne
OXJIAXKIECHHUSI OIOKCHI B3BELIMBAIOT M [0 PA3HOCTH MEXJAy MAaccOl HaBECOK
70 BBICYIIMBAaHUS U IIOCJI€ BBICYIIMBAHUS OINpPEAEISAIOT MOTEpro Biark. Bce
B3BEIHMBAHUS IPU ONIPEAEIECHUH BIAXKHOCTH IIPOU3BOJIAT ¢ TOUHOCTHIO 70 0,01 .
BnaxHocTs 3epHa B npouieHTax (W) BBIUUCIAIOT O (hopMmyIie:

W=——-100,
m-m,

rie m — Macca OIOKChl ¢ HaBECKOM /10 BBICYIIMBAHMS, I'; m; — Macca OIOKCHI
C HaBECKOM IMOCJIE€ BHICYIIMBAHUS, T; My — Macca MyCTOU OIOKCHI, T.

N3 aByX omnpeneneHuid BIAXKHOCTH BBIBOASAT CPEAHEE 3HAUEHUE, KOTOPOE
MPUHUMAIOT 3a BJIAKHOCTH 00Opaslia.

3. Onpenenenne CTEKIOBUAHOCTH 3epHAa. CTEKIOBUIHOCTH 3€pHa
XapaKTepU3yeT KOHCUCTEHIINIO, CTPYKTYpPY SHIAOCIEPMA, B3aUMOPACIIOIOKEHHE
ero TKaHeil. CTEKJIIOBUIHOE 3€pHO B IIONEPEYHOM pa3pe3c HANOMHUHAET
MOBEPXHOCTh CKOJIa CTEKJA, OTCIOJAa M ero Ha3panue. llpu mpocBeunBanuu
OHO KaXXeTCsl Mpo3payHbiM. MYYHUCTOE 3€pHO HMMEET PBHIXJIOMyYHUCTYIO
CTPYKTYpY, B pa3pe3e Oeyblii I[BET W BHUJ Mejla. B 4acTUYHO CTEKJIOBUIHOM
(OJIyCTEKJIOBUIHOM) 3€pHE B TOMEPEYHOM Cpe3€ BUJIHBI KaK CTEKJIOBHUJHBIC,
TaK U MyYHUCTBIE YUACTKHU, TPOCBEYMBAET OHO HE MOJHOCTHIO.

4. Onpenenenue maccel 1000 3epen. Macca 1000 3epeH, paccuuTaHHas
Ha CyXO€ BEIIECTBO, XapaKTEPU3yeT KPYITHOCTh 3€pHa. Y pa3HbIX KYJbTyp Macca
1000 3epen konedeTcs B MIUPOKUX Mpeenax (Tadbnumna 2).

Tabnuma 2 — Macca 1000 3epen, r

HanmenoBanue 3epHa Kl;lﬁzgzgzlﬁ Kpynnoe Cpennee Menkoe
[Tmenumna 12-75 > 35 25-35 <25
Poxb 1045 >25 2025 <20
SumeHb 20-55 > 40 30-40 <30
['peunxa 15-40 > 23 20-23 <20
IIpoco 3-8 >6 45-6,0 <45

5. Ompenenenre HaTypHOM Macchl 3epHa. Enununeir oObema 3epHa
sBnsieTcss uTp. llpeaBapuTenbHO B3BEIIEHHBI CTakaH ¢ oobemoM V = 1 7
3allOJHAIOT HMCCIEAYeMbIM 3E€pHOM M OIpPENeNsioT ero Maccy. PesynbraTsl
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cpenHux 3HaueHu# (1/1): y mmenunsl — ot 740 go 790, pxu — ot 670 mo 715,
ssameHs — oT 540 mo 610, oBca — ot 460 1o 510.

PesynbTatel skcriepuMeHTa O(QOPMIISIOT B BUAEC TaOMUIBI, CTYACHTHI
GbOopMyIUpPYIOT BBIBOJL O COOTBETCTBUM HCCIEIOBAaHHOTO 3€pHAa CTaHAapTaM
Pecnybnuku benapyce.

Ha nexuusix mo M3y4eHHIO TEXHOJOTHH MepepaObOTKH 3€pHA CTYACHTHI
U3y4yaloT CTaJul TEXHOJOTMYECKOTO Tpolecca W OCHOBHBIE —ONepaluu
MOJATOTOBKM 3€pHA: OYMCTKa OT TpUMEcCel Ha pa3jIMYHbIX MallluHaX
(acnuparopax, cemnapaTopax, KaMHEJIOBYIIIKaX, MAarHUTHBIX cemnaparopax);
yaalieHue octeil (y puca, oBca, SUYMEHs) Ha OCTEJIOMATEISIX; BIAroTerioBas
0o0paboTKa, WM TpONapUBaHHE, — YBIAXHEHHE W HArpeB BOISHBIM MapoOM
B IpPOMNApUBATENIAX NEPUOJUYECKOTO WM HENPEPHIBHOTO JACHCTBUS, 3aTeM
OXJIQXKJICHUE B OXJIAIUTEIBHBIX KOJIOHKAaX, KPATKOBPEMEHHOE OTBOJIAXKUBAHUE,
Opy  HEOOXOAMMOCTH NPOCYIIMBAaHUE; COPTUPOBAHME IO  KPYIMHOCTH
(BpIpaBHMBaHUE IO pa3MepaM) Ha KPYNOCOPTHPOBOYHBIX  PEIIETHBIX
cenaparopax — Kaxjaas Qppakuusi, OJHOPOJIHAs 110 pa3MepaM, repepadaTbIiBaeTCs
oTaenbHO. Takke MNOAPOOHO paccMaTpUBAaeTCs TEXHOJIOTMYECKas CXema
HOJATOTOBUTEJIBHOTO OT/IEJICHUS.

B mpouecce ocBoenust guctMIUiMHBL «TexHomoruum mnepepaboTKu
3€pHOBOIO CBHIPBS» CTYJIEHThI Y4aTCsl IPOBOJUTH Ja0OPATOPHBIE aHAIU3BI CHIPHS,
naBasi OOOCHOBAaHHBIE 3aK/IIOUYEHHS B COOTBETCTBUM C TpeOOBaHUSMU
JNEUCTBYIOIMX CTaHAAPTOB; WCIOJB3YIOT COBPEMEHHBIE METOJBI ONPEACIICHHUS
OCHOBHBIX IIOKa3aTeJleld KayeCTBa IMHUILEBOTO CHIPbS, OMPEIEIAIOINX XapaKTep
U PEKUMBI €r0 TEXHOJIOTHUECKOU 00pabOTKH, CTPEMATCS HAYUUThCA pa30oUpaThCs
B CYUIHOCTH TEXHOJOTMYECKHMX TMPOLECCOB MpU MPOU3BOACTBE MHUIIEBBIX
OPOAYKTOB C UEIbI0 KX MEXaHW3allud W aBTOMATHU3allMU, IOBBILICHHS
3 PEeKTUBHOCTH TPOU3BOJICTBRA.
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VJIK 37.091.315

A. B. XAJJAHOBHNY
benapyce, ['omens, I'TY umenn ®. CkopuHbl

UHTEPAKTUBHOE OBYYEHME AHAJIMTUYECKOM XUMHUU
HA BUOJIOTHYECKOM ®PAKYJIBTETE

OgiajieHHE 3HAHUSAMH XUMHUYECKUX JUCHUIUIUH CTyICHTaMH €CTECTBEHHO-
Hay4YHBIX CIICIUATBLHOCTEH By3a M UX MpodeccuoHaibHas MOJTOTOBKA JTOJKHBI
COOTBETCTBOBATh TpeOOBaHUSIM dbopMupoOBaHUS npodecCUOHATIBHON
KOMIIETEHTHOCTH  BBIMYCKHHUKA. bBOJIBIIMHCTBO  TPAJUMIIMOHHBIX  METOJIOB
oOy4YeHHUs] XUMMUYECKUM JIUCIUIUIMHAM HalpaBJeHO Ha mepeaady uHbopMaluu
M BOCIPOU3BEJCHUE €€ CTyJACHTaMU, 4YTO B II€JIOM HE JAaeT BO3MOXKHOCTU
CTyJICHTaM B TIOJHOM Mepe OBJIaJIeTh KOMIIETCHIUSIMU. Pe3ynbTaTUBHOCTH
00pa3oBaTEILHOIO TMpoIEcca OMPEACISIIOT IEeAaroru4eckue TEXHOJOTUH —
TEXHOJIOTUU MPOOJIEMHOTO 00yUEHHS; PAa3HOYPOBHEBOTO 00YUYEHHUSI, TEXHOJIOTHH
UTPOBOr0 OOYyYEHHUsI, MPOCKTHBIC TEXHOJOTHH, TEXHOJOTHMH HHTErPATHBHOIO
oOyueHHus, TEXHOJOTHUS KOHTpOJS 3HaHUU, oOpaszoBatenbHas peduexcus [1].
OHu onpenenstor GOpPMUPOBAHHE KOMIICTCHIIMM B MPEIMETHOM 00JacTh
B HM3YUYCHUM YACTHBIX JUCIMUIUIMH, B TOM 4YHUCJE aHAJUTHYECKOU XUMHHM.
OO0y4eHue CTyJICHTOB AaHATUTHYECKON XUMHH MOYHO ITPEJICTABUTh B BU/JIC ITUKJIA.
CryneHs MU IMKIIa MOXXHO 00O03HAYMTh O3HAKOMJICHHE, OCBOCHHME 3HAHUU
U yYMEHUMN, OBJAJCHUE KOMIETEHIUSIMH, KOTOpPhIE OTBEUYAIOT (POPMHUPOBAHUIO
CIIeIMAJIbHBIX KOMIICTCHIIMH — 3HAaHWN, TMOHWMAHHUS, aHajln3a, CHHTE3a,
OIICHUBAHMSI, YTO COMPOBOXKIAIOTCS MOBBIIIICHUEM CTEMEHU CaMOCTOSITEIbHOCTH
[2; 3]. B pe3ynbTaTe popmupyercs criennalibHasi KOMIETEHTHOCTh CTYICHTa By3a
(Hanmpumep, A1 TUCIUTUTMHBI « AHAUTUTHYECKAs] XUMUSD» — aHATUTHYECKAsT).

NutepakTBHOE O00yUe€HHE CHEIUATbHBIM XUMHUYECKUM JAUCIUILIUNHAM
BKJIIOYACT O3HAKOMJICHHE CTYJEHTa ¢ 00pa30oBaTelIbHOW cpenoit oOydeHus
U C coJepkaHWeM yd4eOHOro marepHaiia. JDTO O3HAKOMJICHHE II0JIpa3yMeBacT
OPUEHTUPOBOYHO-MOTHUBAIIMOHHYIO CTaAuI0 — CTYNEHb O3HAKOMJICHUS, TJIE
HCIIOJIB3YyeTCs 0030p mpeaMera o0ydeHus (B 4aCTHOCTH, NI TeMbl «PaBHOBecHe
B CHCTEME OCaJIOK — pPacTBOP» pPacCMAaTPUBAIOTCS CHUTyallud 0Opa30BaHUS
OCaJIKOB C JIEMOHCTpalMel CJIauJIoB, OTPAXarOIMX OCHOBHBIE ATalbl HX
o0pa3oBaHus, CYIIHOCTb COPOIMOHHBIX IPOIIECCOB, UX PACIPOCTPAHEHHOCTH
B TIpUPOJIe, HAyYHBIX MCCJIEAOBAHUAX, MNPoU3BOACTBE). CTanusi BBISIBICHUS
JUYHOTO ONBITa CTYJIGHTAa B OTHOIICHUM TMpeIMeTa H3Y4YCHHUS BKIIOYACT
BBICTYIUJICHUS CTYJEHTOB C IIOJATOTOBJICHHBIMHM JIOKJIAJIaMH, COIMPOBOXKIAI0-
IIUMUCS MYJbTUMEAUNHBIMU MPE3EHTALMSIMU, KOTOPhIC OTPA’KAIOT OCHOBHBIC
ATaIlbl TpaBUMETpUYECKOro aHanu3a. Ctaausi yCTaHOBJIEHUS CBSI3U JAHHOUM TEMBI
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C JUYHBIM ONBITOM CTYAEHTOB IPEANOJAraeT BBIICHEHHWE, KTO W3 CTYACHTOB
CTAJIKUBAJICS C TEPMUHAMH «COPOLUS», «aICOPOLHSD), «OCAKICHUEY», KCOPOEHTY.
OOyyaromuecs U3 JHMYHOTO ONBITa MPUBOAAT MPUMEPHI HCIIOJIb30BAHUS
HOTJIOTUTEINIEH 3a11aXx0B, MEAUIIMHCKUX COPOECHTOB, OUMCTKU CTOYHBIM BOJ U T. JI.
CryneHTsl, KOTOpBIE  SBISIIOTCS ~ WICHAMHM  CTYJECHUYECKOW  HAay4dHO-
UCCIIEIOBATENbCKOM J1a0OpaTOpUM «AHAIUTUKA U aHAJIUTUKW», JAEUCTBYIOLIEH
Ha Kadeape XHWMHH, M 3aHMMAIOTCS HAy4yHOU paOOTOW, yXe CTaJKUBaJIUCh
C SIBJIEHHEM aAcopOLuU, U UM JaeTcs BO3MOXHOCTb IPOJAEMOHCTPUPOBATH
U JIOJOKUTh IPOMEXYTOUYHBIE DPE3YNbTAThl HAYYHBIX HCCIECIOBAHUNA IIEepen
aynuropuei. llociie u3ydeHHMs TEOPETHYECKOW YaCTH TEMbI ITPOBOJIUTCS
IIPOBEpPKAa TOTOBHOCTH CTYJEHTOB K BBIIIOJIHEHHIO NPAKTUYECKONM YacTH
7a0b0paTOpHOl paboOThl C TOMOIIBIO TECTUPOBAHMS, BBISBISAECTCS YPOBEHb
BJIaJICHUS] OCHOBHBIMU 3aKOHAMU, ACHCTBYIOIIMMHU B CUCTEME OCAJOK — PacTBOp,
crenuanbHOW TepMHHOJOrMend. TecT mpoBOAMTCS (POHTAIBHO B OyMakKHOM
BapuaHTe. [1o okoHYaHUM NPOBEEHUS TECTa TPOBOJUTCS aHAIU3 BBIIIOJIHEHHBIX
3aJIaHUH, CTYJICHTaM COOONIAIOTCS MPABUJIbHBIE OTBETHI, U B Clly4ae HEOOXOU-
MOCTH JIaFOTCSl UHAMBUAYAJIbHbIE PEKOMEHIALNN 110 KOHKPETHBIM BOIIPOCAM.

Ha craguu onepanMoOHHO-UCIOJHUTENIBCKOW  CTyHEHH  O0y4YeHHs
XUMHYECKUM JTUCUUIUIMHAM  (OPMHUPYIOTCS  CIIEHUAIbHbIE KOTHUTHBHBIC
KOMITETEHIINH, KOTOPBIE HAXOJAT CBSA3b C PEIICHUEM MHTEIUIEKTYaJbHbIX 3a]a4.
[IporcxoauT 3HAKOMCTBO CTYJE€HTA C OCHOBHBIMH ITOHATUSAMHU, TEPMUHOJIOTHEM,
TEXHUKOW BBIMOJHEHHUS MPAKTUUECKONM YacTH J1abopaTopHOl  padoThI
«Ormpenenenne coaepkaHusi Oapus B xJyopuae Oapusi». OmnepanoHHO-
UCIIOJIHUTENIbCKUI ~ 3Tanm  0o0y4YeHMs  BKIIOYAEeT METOAbl  OpraHU3alMH
WHTEPAKTUBHOW W NPAKTHUYECKOM AEATENBbHOCTH CTyldeHTa. CTyaeHTHI
NpUOOPETAIOT HABBIKM MPOAYKTUBHOTIO M TBOPYECKOTO MbILUIeHUS [4]. BaxHoii
OCOOCHHOCTBIO JJAHHOW CTYINEHH OOy4EeHUSs SBJISICTCS HAJIMUKUE OOpaTHOM CBSI3U
CTYJIEHT — MPENoAaBaTelib, YTO AaKTUBU3UPYET U CTUMYJUPYET BKIIOUEHHUE
CTyJleHTa B JesATenbHOoCcTb. Ha pgaHHOM JTame peanu3yrorcs (popMbl
O3HAKOMMTEJIbHOW JIEKIMU M WHTEPAKTUBHBIX MPAKTUYECKO-I1a00paTOPHBIX
3aHATHM. B Xole mpoBeneHUs WHTEPAKTUBHOW O3HAKOMUTEIIBHOU JIEKLIUU
IIPOCIIEKUBAETCS CBSA3b IIPEMNOABATENS CO CTYAEHUYECKON ayIUTOPUEM, HEPEIKO
UAET JUaJor B BHJE BOmpoc — OTBeT. Mcmonb3yercs mpsMoe oOpaileHue
npenojaBaTeiss K ayJUTOPHH, CO3JaeTcsl MpoOJieMHasi CUTYallus, K PEUICHHIO
KOTOPOM NPHUBJIEKAIOTCS CTYAECHTHI.

Ha wuHTepakTUBHBIX J1aDOPATOPHBIX 3aHATUSAX HCIOIB3YETCS METO
KOJUIEKTUBHOTO PELIECHHUS 33]1a4 M0J PYKOBOACTBOM INpemnojaasatens. Ha nepsom
ATaIe NpernojaBaTesb NOAPOOHO pa3OUpaeT airOPUTM pPEIIeHUs TUITOBOH 3a1a4H,
pazOupaeTcsi CTaHJAPTHBIA METOJ| PEIICHUs], 3aTEM PAcCCMaTPUBAETCSA PELICHUE
B Pa3JIMYHBIX MpeAJiaraéMbIX BapUaHTax, MOCIE YEro CTyJCHTaM Mpejjaraercs
CaMOCTOATENLHO PEIINTh 33/1a4d B ayIUTOPHUH, TTOXOKHE 33Jla4d BKIHOYAIOTCS
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B JIOMAallHUE 3aJaHdsl. OTall BBIMOJTHEHUS JA0OpPATOPHOTO  YYEOHOTO
IKCIIEPUMEHTA B XOJI€ MHTEPAKTUBHOTO 00YUYCHHsI BKIIIOUACT MPEIBAPUTEIIbHBIHI
UHCTPYKTaX MO obecredeHnio oOmmx TpeOoBaHUl K O€30MacHOMy €ro
NPOBEICHUIO, PACCMATPUBAIOTCS OCOOCHHOCTU MPOBEACHUS OCHOBHBIX ITAroB
IPaBUMETPUYECKOTO OIpECIEHNs] KOMIIOHEHTa B IIpeljiaraeMoM oOpasiie.
BhimonHeHne  AKCIEPUMEHTAIbHOM  4acTH  paboThl  COMPOBOXKIAETCS
00CyX/IeHHEeM OCOOCHHOCTEH OCHOBHBIX JTallOB aHaJlIW3a — pacTBOPEHUS
BEIIECTBA, OCAKICHUS, COPEBAHMS OCAIKa, IEKaHTAIUN, TIPOKATTUBAHMUSL.

Ha pednexkcMBHO-OLIEHOYHON  CTagudl  TPOBOJHUTCS  OIICHWBAaHUE
npuoOpEeTeHHBIX  KOMIIETEHIIMH, BBISBICHHWE TpPYAHOCTE B  OCBOCHUU
coaepkanusi 00yuenus. [IpoBoUTCS KOIEKTUBHBIN pa30op petieHus yueOHbIX
3aJa4, B XOJE€ KOTOpPOTO HCIIOJIB3YETCS METOJ| aHajdn3a BBIMOJHEHUS Kak
CaMOCTOSITETIbHBIX 3aJlaHUM CTyJEHTaMHU, TaKk U ayauTopHOU paboThl. Ocoboe
3HaYeHHE HMEET MPOBEpKA HHAWBUIYAIbHBIX JOMAIIHUX 3aJaHUi, B XOe
KOTOPOI BBISICHSIIOTCS BO3HUKIINE TPYIHOCTH, JEIAeTCsl aKIEHT Ha BBISIBICHHUE
TUMIUYHBIX OIMMOOK M TOTPEIIHOCTEeH id KaXIoro cryneHTa. [Ipumensercs
Ha 3aHATUSX B3aUMHOE KOHCYJIBTUPOBAaHHME CTYACHTOB, KOrJa B KadyecTBE
KOHCYJIbTaHTa NPUBJIEKAECTCS OJUH U3 CTYICHTOB, KOTOpPBI caM paHee
CTaJIKUBAJICA C TOJJOOHBIMU OIIMOKaMH. B X0/1e KOHCYJIbTUPOBAHUS TOBBILIAETCS
CaMOOILICHKA CTYyJI€HTa, 4YTO CIHOCOOCTBYET (POPMHUPOBAHUIO CIEUUATBHBIX
komneTeHuMid. I[lo uroraMm BbINOJNIHEHUS JaOOPATOpPHON PabOTHI MPOBOIUTCS
3alUTa, KOTOpas BKIIOYAET MPEIOCTABICHUE pPE3yJIbTaTOB HAOIOECHUIM
U U3MEpPEHMH, OLIEHKY JOCTOBEPHOCTM M 3HAUYUMOCTH pPE3yJIbTaTOB,
MPaBIIBHYIO (POPMYIHPOBKY BBIBOAOB, OLIEHKY MPHUOOPETEHHBIX MPAKTHUECKUX
Y KOTHUTHBHBIX KOMIETCHIMH. [I0 OKOHYaHWU W3ydeHHUS TEMBI Y CTYJCHTOB
dbopMuUpYIOTCS  CYXACHHS O  HAYYHBIX  JKOJIOTHUYECKUX  TpodiieMax
aHAJIMTUYECKOW XMMHH, OCHOBAHHBIC HA TIPOYHBIX 3HAHUSX U YMEHUSX.
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