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Aiinymesa C.A., Bpounuxosa 3. II.
b® YYHuT, r. bupck, Pb
bponnuxosa 3. I1.- k.neo.n., doyenm
aiduweva2001@mail.ru

HUITOJIb30BAHUME TEXHOJIOI'YMH P.I'. XASAHKHNHA B
OBYYEHUE MATUMATUKE

Hamemy oOmecTBy HyXHBI JIIOAM TBOPYECKHE, AaKTHUBHBEIE,
HEOPJMHAPHO MBICIIAIINE, CIOCOOHBIE HECTAHJAPTHO PEIIaTh TOCTABICHHBIC
3aJ]a4¥ Ha OCHOBE KPUTHIECKOTO aHAJIM3a CUTyalnH, GopMynupoBaTh HOBbIE
nepcrnekTuBHble uaeu. IlosTomMy INIaBHOM 3ajadell LIKOJBL  SIBJIAETCS
BBHIIIOJIHEHHE COLMAJBHOrO 3aka3za oluiectBa. TexHosorus oOy4YeHUs
MaTeMaTHKe, pa3paboTaHHas 3acily’XeHHbIM yuuTesneM ImKoiasl PCOCP,
naypeatom [l'ocymapctBennoit mnpemun CCCP, naypearom IIpemun
IIpaBurenscTBa Poccun B 061actu 06pazoBaHus, laypeatom mpeMun uMm. H.
K. Kpynckoi, P.I'. Xa3zaHkuHa MOIXOAUT KaK HEJb3s JIyyllle.

B coBpeMeHHBIX yCNOBHSX OOydYeHHWs IETe MaTeMaTHKe, yMEHHE
YYAIIUXCSl CAMOCTOSITETIBHO JIOOBIBaTh 3HAHHMS W COBEPLIEHCTBOBATH HMX
ropaszio BakHee MPOYHOCTH IpruoOpeTaeMbix 3HaHWil. COBpEeMEHHbBIE NETH
palMOHAIIbHBI, OHU XOTAT NOHUMATh, 3a4€M UM HY’KHO TO WM HHOE 3HaHHE,
4YTO AA€T, TIe MOXKET NpUroAuthcs. JKW3Hb OUKTYeT MEPEMEHBI, 3HAYMT,
MIPUIIIIA TTI0OPA YYHUTh AETeil M0-HOBOMY.

«I'maBHOe B cucTeMe OOY4YeHHS M BOCIUTAHUA - MOOIIPEHUE
TBOPYECKOH MHUIIMATUBBI, KaK BCETO KOJUICKTHBA yUaIUXCs, TaK U KaXI0TO
yYEHHKa, OpraHWYecKas CBA3b WHAWBUAYAIPHOW ¥  KOJUICKTUBHOM
JeSITeIbHOCTH; YIPaBJICHUE O0IIEHHEM CTapIINX U MIIAIINX MIKOIbHUKOBY -
cunrtaet XazaHkuH Poman I'puropseBud-yunrens mkoisl Ne 14 1. Benoperika
Pecrry6mmku bamkoprocras.

OcHoBoii paboTel mnpenopaBarens, no MHeHuro P. I'. XazaHkuHa,
SIBIISIETCSI YCIICIIHOE BBISBICHHE BO3MOXKHOCTEH HOBBIX (DOPM IPOBEACHMS
ypoka. Uto Hamuio cBo€ oTpakeHHe B pa3pabdOTKe HOBBIX THUIIOB yYpPOKOB:
YPOK-JIEKIMs, YPOKH DPELIEHHs «KIIOYEBBIX 33/1a4», YPOKH 00ydaroumx
3a[a4, YPOKU-KOHCYJIbTALUH, 3aUETHBIE YPOKH, YPOK aHalIM3a Pe3yJbTaToB
3ayeTa, KOHTpOJbHas paboTa, ypoK aHajHM3a pPEe3yNbTaToB KOHTPOJIHHOMH
paboThI.

PaccmoTtpum monpoOHEe Kak MOXHO OpPraHH30BAaTh HM3YYEHHE TEMBI
«Tpeyronpauku» 1o npennoxxkeHusiM P.I'. XazankunsiM Tunam ypoxa. Ilo
pabodeii mporpaMMme Ha HM3ydeHHE TeMbl OTBOAuTCA 9 wacos. Mcxons u3
3TOTO0, TEMBI YPOKOB PacCIIPEACINTh CIECAYIOIUM 00pa3oM:
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1. Ypoku nekimu (2 daca). Y 00ydaromuxcs eCTh BO3MOXKHOCTD JIoMa
ele pa3 MpouuTaTh MaTepHal, U3yduTh ero Oosuee riryooko. [locne nexuun
Y4EHUKH Yyd4aT BeChb TEOPETHYECKHUH MaTepHan U YyXKe HadyuHaeTcs
MOJATOTOBKA K YPOKY-3aueTy.

2. Ypoku pelleHus KIIOUYEBBIX 3a7ad (2 yaca). MHorue 3ajgauu B
y4eOHUKE TCOMETPHH OJHOTHITHBIE B 0oJiee Iesieco00pa3Ho pa3OoUTh 3aa9n
Ha OCHOBHBIC Oyiokm: " PemieHne 3amad MO TOTOBBIM depTekam»,
Haxoxxnerne TpeThero aneMenTay, «Perenne 3a1aq Ha J0Ka3aTeIbCTBOY.

3. VYpok pemenus oOydaromux 3amad (1 dac). Ha atom oTame
3aKPEIUIIIOTCS. HAaBBIKM PEHICHHS 33434 [0 JAaHHOW TeMe, MOydeHHbIC TpH
pPaccMOTPEHHH KITIOUYEBBIX 3a1ad.

4. Ypoku koHcynbTanuu (2 uvaca). /laHHBIE YpOKH OYEHb BaXHBI,
MOTOMY 4TO OOyYarolrecs: CaMOCTOSATEIbHO K HUM roToBsarcs. [lonOuparot
3aJa4yd MO JAaHHOW TeMe, HCIONb3ys Yy4eOHUK, Hojib3yrorcs VHTepHer-
pecypcamu.

5. 3auernbie ypoku (1 yac). Co3gaHo 0OLIECTBO, B KOTOPOE BXOIST
YUEHHUKH 9 KJ1acCoB, KOTOPbIE aKTUBHO YYacTBYIOT IIPU IPOBEACHUH 3a4€TOB.

6. KontpoisbHas padora (1 gac). ITocie mpoBeneHus ypokoB 4-5 Tumna
MIPOBOIUTCS aHATN3 paOOT BEITIOIHEHHBIX KOHTPOJIBHBIX PadoT.

HawmrydmeMy ycBOGHHIO W Pa3BUTHIO TPAKTHYCCKUX HABHIKOB U
TEOPETHICCKHUX 3HAHUH CIIOCOOCTBYIOT Pa3INIHBIC BHEYPOUHBIC 3aHATHS.

OmHUM W3 TPUMEPOB MOJNOOHBIX MepompHusITHii MoxkeT Obitb HOY
(Hay4HO€ OOIIECTBO ydYaIMXCs), KOTOPBIM PYKOBOJHUT COBET, BO IJIABE C
HanOoJiee aBTOPHTETHBIM B 00JACTH MAaTEeMAaTHKH CTapLICKIACCHUKOM.
OcHoOBHas 3a/1a4a Meiarora Mpyu 3TOM IIOMOYb NIPH OPTaHU3ALNH, U CIICAUTH
B JJAJIbHEHIIIEM 32 paboTOH ydamuxcs

Co3maercst coBpeMeHHast 00pa3oBaTeIbHas TEXHOJOTHS, B KOTOPOH y
o0yJaromuxcs MOsBUTCSA OOJBIIE BO3MOXKHOCTEH MONYyYHUTh KadeCTBEHHOE
MO3HaBaHUE. YUpexJIeHNns1 00pa3oBaHust 00s3aHbl 00ecIIeunBaTh HE TOJIBKO
NpeZIMETHBIE, HO M HWHBIE Pe3yJbTaTbl, IO3BOJIONINE PEOCHKY BBIpacTH
AKTHBHBIM, JII0003HATEIFHBIM W YCIICIIHBIM YEJIOBEKOM. JlOCTHYb TaKuX
pEe3yJIbTaTOB MOXKHO B COBPEMEHHBIX YCIOBHUSAX, HCIOJNb3Yysl COBPEMEHHBIE
HeJarornieckue TEXHOJOTWU. BBeneHHble cTaHAapThl OOy4YeHHS HOBOTO
TIOKOJICHUSI TOXE TPeOYIOT OT YyYHTeNsl MCHOJIb30BaHUS TEXHOJIOTUH
00y4eHusl.

Jlutepatypa

1. 3ums6epbepr H.M./Ypok marematuku: [TonroroBka U mpoBeAcHHE:
K. qs yaurens. - M.: IIpocsemenue: AO «Y4e0. ut.», 1995r.

2. I'pynenoB SI.M. mcuxoJioTO-TIeNaroridecKre OCHOBBI METOIMKH
obyuenus matematuke. - M.: [lemaroruka, 1987r.
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Aiinymesa C.A., PycunoB A.A.
b® YYHuT, r. bupck, Pb
Pycunoe A.A.- k.¢p.-m.n., doyenm
aiduweva2001@mail.ru

IOKA3ATEJIbHBIE YPABHEHUSI C TAPAMETPAMU

3amaun ¢ mapaMeTpaMH WTPaloT BaXHYIO poJib B (opMupoBaHUH
JIOTHYECKOTO MBIIUICHUSI ¥ MaTeMAaTHIEeCKOM KyJIbTYyphl YYalIerocs, HO MX
pellleHWe  BBI3BIBACT 3HAYUTENBHBIC 3aTpyAHCHHWA. Takue 3agadu
MIpeUIararoTcs Ha eAMHOM TOCYJapCTBCHHOM SK3aMEHe.

VYpaBHeHHe, B KOTOPOM IIEpEMEHHAsi COJIEPKUTCS B IOKazaTese
CTCIICHHU, HAaA3bIBACTCA I10Ka3aTCIbHBIM. 9t0 YpaBHCHUC OTHOCUTECIBLHO
MOKa3aTenbHOM QYHKIMH, T.e. GyHKIMU BUAa Y = a*.

IIpu pemeHun ypaBHEHMH C HapaMeTpamMu HaJo claenaarb TO, 4TO
JieTIaeTcs PU PEIICHUH JIF00Oro ypaBHEHHUS MM HEpaBEHCTBA — MPHUBECTU
3aJaHHbIC ypaBHEHUS K O0JIee MPOCTOMY BHIY.

Paccmotpum mpumep. Haiiti, mpu KakoM 3HA4CHHH Hapamerpa d,
YpaBHEHHE UMEET €IMHCTBCHHBIA KOPEHb.

9% +3* + a® — 14a = 0.

Peenue: BEINONHUM 3aMeHy: 3 = m, rae m > 0, Toraa ypaBHEHHE

MIPUMET BH]T
m?+m+a®—14a =0

[omyunnu kBagpaTHOe ypaBHeHHe. [laHHOE KBaJpaTHOE ypaBHCHHE
OyZeT UMeTh eIMHCTBEHHBIN KOPEHb ([Ba OJMHAKOBBIX) 1pu yciaoBun D=0.
OTOT KOpeHb OyaeT paBeH m = —%. Torma: 3* = —% He OymeTr uMmeTh
peUIeHU.

PaccmoTpum ciywaif, Korga KBaJapaTHOE ypaBHEHHE OyAeT MMeTh 2
Pa3IUYHBIX AEHCTBUTENBHBIX KOPHA. JIUCKPUMUHAHT ypaBHEHUS UMEET BUJL:

D = —4a”* + 56a + 1.

D >0, ecniu —4a? + 56a + 1 > 0. Pemum HepaBeHCTBO:

D, =562 —4-(—4) = 3152
—-56 ++/3152 56 —4V197 14 —+/197

a;

-8 8 2
14 + /197
a, = 2
c <14—\/197 14+\/197)
a ;
2 2
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HpI/I MOJIy4YCHHBIX 3HAUCHMSIX ITapaMeTpa a D>0, a 3HAYUT KBaJApaTHOC
YpaBHCHUC HMEET 2 Ppa3JIMYHBIX KOPH:. Ho nmanHOoe mokaszarenbHOE
YpaBHCHUC 6yz(eT UMCETb OJUH KOpPC€Hb IpU YCIOBHUU, UYTO KOPHU
KBaJApaTHOI'0 YpaBHCHUS 6y[[yT HUMCTb Pa3HbIC 3HAKHU. 9TO BBIIOJIHACTCS npu

yCIIOBUU
{ D>0

a_f(0)<0,a=1,f(0)=a2—14a,=>a2—14a<0,a€(0;14)
c 14 — V197 14 ++197
@ 2 2

a € (0;14)

3naynr, a € (0; 14).

YpaBHeHue OyIeT HUMETh OJHO pEIIeHHe, €CIM OJMH U3 KOpHeil
KBaJpaTHOTO ypaBHeHHUs paseH 0, a 1pyroil monoxxutensHsli. [lo ycnoBuio
JMAHHOTO YPaBHEHWS 3Ta CUTyallls HEBO3MOXHA, T.K. €CIH OAWH KOpPEHb
pases 0, TO TOrZIa BTOPOH OYIET OTPHLIATEIHLHBIM.

Ortset: a € (0;14).

Ecmu ypaBHeHHE CONEpXUT (QYHKIUIO, MCCICIOBAHNE U MOCTPOCHHE
rpaguka KOTOpPOH BO3MOXKHO ©O€3 TpPHMEHEHHWsS TPOU3BOAHOM, TO
rpaduueckuii crocob Oosiee panroHa bHbIN. Eciu ke mocTpoeHue rpaduka
CBA3aHO CO CIOXXHBIM HCCIEIOBAaHHEM (YHKIUH, C TNPHUMEHECHHEM
MPOM3BOJHON, TO 0oJee palMOHANEH aHAJTUTUYECKUH CIIOCO0 pelIeHHS.
Taroke, eciu mapaMeTp JISTKO MOYKHO BBIPA3UTh B yPABHCHHUHU KaK (DYHKIIHIO,
TO pPelICHHE TAK)KEe PAI[HOHAIIBHO.

CoOpaHHbIe JaHHBIE, MOTYT OBITh HCIIOJIb30BaHbI OJHOKJIACCHUKAMHU
st noarotoBku k EI'D mo maremaTtuke.

Jlurepartypa:

1. 'opbaues B.W. O0uyrie MeToIbI pelieHNs] ypaBHEHUH 1 HEPABEHCTB
¢ napamerpami. JKypHan «MaTtemaTrka B mkose», Ne 6/1999.

2. I'ponmrreitn I1.M. Ilomonckuii B.B., Slkup M.C. Heobxonnmble
ycJI0oBHS B 3aa4yax ¢ napamerpamu. Ksant, Ne 11/1991.

3. Hertsipenko B.A. Tpu peuieHust OgHOW 3a/a4d C MapameTpOM.
Kypnan «MaremaTrka B mxosue», Ne5/2001.

4. JlopoceeB I'.B. m ap. Martemaruka: J{is mMOCTyHaromuX B BY3BI:
VYu4eb. mocobue. M.: JIpoda,1996.

5. KoxyxoB C.K. PazinuuHbie crmocoObI pemeHus 3a1ad ¢ mapaMeTpoM.
Marematuka B mkoJie, Ne6/1998.
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AnncumoB C.®@., PycunoB A.A.
b® YVYHuT, r.bupck, Pb
Pycunos A.A., k.¢p.-m.1., Ooyernm
Sergo1337456@gmail.com

HBIOTOHOBCKAS TEOPUSI TPABUTALINN

AHHOTauMsA: B naHHON cTaThe paccMaTpUBAETCS HBIOTOHOBCKAs
Teopusl TPaBUTAUUH B COBPEMEHHOM HayKe, NMPUMEHEHHE B Pa3IMYHBIX
Hay4HBIX 00JIacTsX.

KiroueBble cnoBa: Hel0TOHOBCKasl TeOpHs TpaBUTALUH, HAYYHBIE
JUCHUIUINHBL, IPHHLUIBL, TPUMEHEHHE.

HeioTOHOBCKass Teopus TpaBUTALMM, MPEJIOKEHHAs BEIHMKUM
yueHbiM Mcaakom HrrotonoMm B XVII Beke, siBiseTcsl 0JHOM U3 KIFOUEBBIX
KOHIICTIU B (PU3UKE, ONPEACIAIONICH B3aUMOACHCTBIE MEXK/y MaccaMu BO
Bcenennoil. Orta Teopusi crama  (YHAaMEHTOM Ui [TIOHUMaHUS
I'PaBUTALIMOHHBIX SIBICHUH U UMEET MMPOKHUE NPAaKTHYEeCKHUEe IPUMEHECHHUS B
ACTPOHOMHH, MEXaHHKE M MH)XXEHEpHUHU. B JaHHOW cTaTbe MBI pacCMOTPUM
OCHOBHBIE IPUHIUIBI HBIOTOHOBCKOM TEOPHUH IPaBUTALNH, €€ IPUMEHEHNH,
a TaKke OTPaHUYCHHS ¥ COBPEMEHHBIE pa3paboTKu B 3TOH obnacTy.

Paccmotpum  ocHOBHblE  npuHIMIBL  HBIOTOHOBCKOM — Teopuu
rpaBuranuu [1]:

1.Cuna rpaButannonHoro nputspkeHus: CornacHo HeloToHy, Kaxmoe
TEJIO IPUTATUBAET IPYroe TEJIO C CHIOHW, KOTOpas 3aBUCUT OT UX MaccC U
PacCTOSIHUSA MEXTy HUIMHU. JTa CHJIa TPONOPIIMOHATIbHA IPOU3BEICHHUIO Mace
o0oux Ten U 00paTHO MPOIOPIMOHANIBHA KBAJAPATy PACCTOSIHUS MEXIy UX
LIEHTPAMH Macc.

2.I'paBuTaninoHHas noctossHHAA: {1 popManm3anyu B3anMOICHCTBHUS
Macc HbroTOH BBEIN rpaBUTALIMOHHYIO NOCTOSHHYIO (G, KOTOpasi Onpenaenser
CUITy TPaBUTALIMOHHOTO MPUTSKEHUS.

3.3akoH BceMHpHOTro TsAroreHus: HbOTOH chopmympoBan 3aKoH
BCEMHUPHOIO TATOTEHHUs, YTBEpKAas, 4TO Kaxkjaoe Telo Bo BceneHnoit
MPUTATUBAET APYToe TEI0 CUION, HAPaBJIEHHOM 10 MPSAMOM, COeAUHSIOIIEN
UX LEHTPBI Macc.

HpioTOHOBCKast TeOpHs TPaBUTALUH YCIEIIHO IPHUMEHSEeTCS It
0oOBsiCHEHUST JBIWXKeHHs IutaHeT BOKpyr ConHma, a Takke JApYyrux
ACTPOHOMMYECKHX SIBJICHWH, TaKUX KaK TPaBUTAIIMOHHOE B3aUMOJCHCTBUE
CIIyTHUKOB U IIAHET.

3T OCHOBHBIE MPHUHIMITBI HEIOTOHOBCKO# TEOPUH TPAaBUTALMH CTaIIN
OCHOBOH Il MOHMMaHMs TPABUTALIMOHHBIX SIBICHUI U OCTAIOTCS Ba’KHBIMU
B (hM3MKE ¥ ACTPOHOMHMH JI0 CETOJHSALIHETO JHS.
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HeroToHOBCKass Teopus TIpaBUTALMM ILIMPOKO IPUMEHSETCS B
pa3NUYHbIX O00JACTSIX HAYKM M TEXHMKUH. HeKoTopble W3 OCHOBHBIX
MPUMEHEHUH BKIIOYAIOT:

1) Conneuynas cuctema: HplOTOHOBCKass Teopus MO3BOJIAET
Npe/ICKa3blBaTh M OOBSCHATH JBM)KEHHE IUIaHeT BOKpyr CoiHIa, a Takxke
JpyTHe acTPOHOMHYECKHE SBICHMs, TaKhe KaKk TIpPaBUTAMOHHOE
B3aMMOJIEIICTBHE MEXKAY IIIAHETAMH U CITyTHUKaMHU.

2) Kocmmueckue monetsl: [Ipn mmaHIPOBaHNH KOCMUYECKHAX MHCCHH
YUUTBIBAETCA TPABUTALHMOHHOE BO3/ACHCTBHE PAa3IMIHBIX HEOECHBIX TEN U
UCTIONIB3YIOTCSl pacyeTbl Ha OCHOBE HBIOTOHOBCKOW Teopuu Uil TOYHOM
HaBHTAIIUH ¥ OPONTAIBHBIX MAaHEBPOB.

3) Teomesus: s u3MepeHUs] TPABUTAIMOHHOTO TOJS 3eMIH U
ornpezeseHus GOPMBI ee MOBEPXHOCTH HUCTIONIB3YIOTCS METO/IbI, OCHOBAHHBIC
Ha HpI0TOHOBCKOU TEOPUM IPABUTALIUU.

4) MWmxeHepHBle pacueTsl: B cTpouTenbcTBe U HH)XKEHEpUHU
YUHUTBIBACTCS  TPAaBUTAIIOHHOE BO3JCWCTBHE AN MPOCKTHPOBAHUSA
COOPY’KEHUM, MOCTOB, CIlyTHUKOB U IPYTUX KOHCTPYKIIMH.

5) ActpoHoMusS ¥ KocMmousorus: HbIOTOHOBCKas TeOpHs I'paBHTaluHU
MOMOTAeT y4eHBIM HCCIIEN0BaTh CTPYKTYpy BceneHHol, B3aumojaencTBue
raJlakTUK ¥ (POPMUPOBAHUE KOCMUYECKHX CTPYKTYP.

OTH npuMepbl JAEMOHCTPUPYIOT BaXXHOCTb M IMHUPOKHHM CIIEKTP
npuMeHeHns: HpIOTOHOBCKOI TeopuH TpaBUTALMM B PAa3IMYHBIX O0JIACTAX
HAYKH U TEXHUKH.

Orpanndenns HproTOHOBCKO# TeopHu:

CkopocTh cBera: JlaHHOM TeOpUHM HE YYHMTHIBa€T OTPaHHUUEHHE
CKOPOCTH CBETa, YTO CTAHOBHUTCSA CYIIECTBEHHBIM IIPH PacCMOTPEHHUU
TPaBUTALIMOHHOTO B3aMMOJCHCTBHS Ha OOJBIIMX PACCTOSHUAX WM TPHU
BBICOKHX CKOPOCTSIX.

Tounocts: [1py n3MepeHnsIX Ha OUEHb OOJIBIINX PACCTOSHHUAX WIIH IPU
OU€Hb CUJIBHBIX TPaBUTALMOHHBIX MOJAX HBIOTOHOBCKas TeOopus MOXKET
JlaBaTb HETOYHBIE PE3YNIbTAThI.

Teopust otHOCcHTenbHOCTH: C TOsIBIEHHEM OOIEH M CrelHaIbHON
TEOPHUH OTHOCUTENbHOCTH DHMHINTEHHA CTalo MOHATHO, uTO HploTOHOBCKas
TEOpHsl HE OMMCHIBAET IPABUTALMIO MOJHOCTHIO U HE YUUTHIBAET KPUBU3HY
MIPOCTPAHCTBA-BPEMEHH.

CoBpeMeHHbIEe pa3padoTKu:

OOmast Teoprsi OTHOCHTEIBHOCTH: Teopws rpaBHTalMu ODWHIITEHHA
MpeACTaBIsIeT co0oi 0ojee MOMHOE M TOYHOE ONHCAHUE I'PABUTALIMOHHOTO
B3aMMO/JIEMCTBHUS, YUUTBIBAIOLIEE KPUBU3HY IIPOCTPAHCTBA-BPEMEHN.

KBanroBasg rpaBuTanus:  Y4eHblE  HMCCIEIYIOT  BO3MOKHOCTB
0o0bearHeHNs 001l TEOPUHM OTHOCUTENILHOCTH M KBAHTOBOW MEXaHUKH JIJIS
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CO3/1aHUs KBAaHTOBOW TEOPHH TPABHUTAIlUM, KOTOpPAs MOIJIa Obl OMHKCHIBATH
IPaBUTAINMIO HA MUKPOCKOIIMYCCKUX MACIITa0ax.

Temuass matepuss u 3Heprus: CyIIECTBOBAHHE TEMHOW MAaTepud M
TEMHOUN YHEPTHU SBISICTCS OJHUM U3 BBI30BOB IS COBPEMCHHOMN (M3UKU U
KOCMOJIOTHH, U MOXET IOTPeOOBaTh JOTOJHUTEIBHBIX MOIUPUKAIUN
CYLIECTBYIOIIUX TEOPHIA, BKIFOUAs IPABUTALIHIO.

B nenom, HproTOHOBCKAsi Teopusi IPaBUTALUU OCTACTCS BAXKHBIM U
MOJIE3HBIM MHCTPYMEHTOM Il MHOTHX HPHUKIAJHBIX 33724, HO Uil Ooliee
TOYHOTO ONMHUCAHHS TPABUTALMOHHBIX SBJICHUI TPEOYIOTCS COBPEMEHHBIE
TEOPHH U Pa3pabOTKH.

B 3akmrouenue, Hpl0TOHOBCKAs TeOpHs rpaBUTAllUK, pa3paboTaHHAs B
17 Beke, ocTaeTCs 3HAYMMBIM 3TAIlOM B UCTOPHU (DU3UKH U HAYKHU B I[CIIOM.
Orta Teopus TMO3BOJIMIA YYCHBIM BIIEPBBIC MATEMATHUCCKH OIMKCATh
IPaBUTAIIMOHHOE B3aMMOJCHCTBHE W YCICIIHO MPUMEHSETCS BO MHOTHX
MPAKTUYCCKUX 3a/1auaXx.

OnHAKO ¢ pa3sBUTHEM COBPEMEHHOU (DU3UKU CTAJO SICHO, YTO JaHHAsS
TEOpHS] UMEET CBOM OIPAHMYCHHUS, OCOOCHHO Ha OOJBIINX PACCTOSHHIX U B
IKCTPEMaNIbHBIX YCIOBUSIX. B cBere 00MIe#l TeOpHH OTHOCHUTEIBHOCTH U
KBaHTOBOU rpaBuTanuu, HploTOHOBCKasi MOJIENb TPEOYET MOMOTHUTEIBHBIX
yTouHeHHit u  moaupukanuumid  Juis  Gosee  TOYHOTO  OIKCAHUS
IPaBUTAIIMOHHOTO B3aUMOICUCTBUSI.

Tem He Menee, HbIOTOHOBCKasi TEOpHs TPABUTALMH IPOIOJDKACT
CITY’)KUTh BQKHBIM MHCTPYMEHTOM Il OOyUYCHHS M MOHUMAaHHSI OCHOBHBIX
MIPUHIUIIOB IPABUTAIINH, @ COBPEMEHHBIE Pa3pabOTKH IIOMOTAIOT PACIIUPUTH
HAIlle 3HAHKUE O TPABUTAI[MOHHBIX SBJICHUSAX U UX BIMSHUHU Ha BceneHHyIo0.

Jlutepartypa

1. Oneitnuxk B. I1. YckopeHHbIe IBIMKEHUS TI0 MHEPIIMX: TPAaBUTALUSA U
aHOMaJIbHBIE siBIEeHNUs // BruomHpopMaImonHbIe U YHEPronH()OPMAIOHHEIE
TexHoJoruu paszputus udenoseka. / [lom pen. J. H. XKnmawoma. T.1. —
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METO/J PUYAPACOHA ITPU YUCJIEHHOM
MOJEJHUPOBAHUHN ®PU3NYECKUX TPOLECCOB

CymiecTByeT MHOXKECTBO KJIACCHYECKHX YHCICHHBIX METOJIOB PEIICHNUS
muddepeHnInanbHBIX ypaBHEHHH: KOHEYHO-PAa3HOCTHBIE METOJBI MOIAXOIST
JUTS aIIPOKCUMAITNH TIPOU3BOJHBIX; KOHEYHO-3JIEMEHTHBIE METOBI XOPOIIH
JUIA CIIOKHBIX T€OMETPHH M HEOJHOPOAHBIX MaTepuanoB. Kaxapli U3 3THX
METOJIOB UMEET CBOM IUTIOCHI M MHUHYCBI: KOHEUHO-Pa3HOCTHBIE ObICTpee U
IpoIlle B peanu3aly, HO MEHee TOYHBl IPHU KOMIIJIEKCHON TeoMeTpuH;
KOHEYHO-DJIEeMEHTHBbIE 0o0Jiee TMOKM M TOYHBI, HO TPEOYIOT 3HAYMTEIHLHOTO
BBIYHCIIUTEIBHOTO pPecypcea.

Meron PuyapacoHa — 3TO WTEpallMOHHBIM YMCIEHHBIM METO[,
KOTOPBIH HCIIONB3YeT IIOCIENI0BATENHHOCTh IMPUOMMKEHHBIX PEIICHUH C
LETbI0 YIy4IINTh TOYHOCTH 0TBeTa. Ero MaTemarnyeckast 6a3a 3aKkiroyaeTcst
B HCHOJIb30BAHMM AKCTPANOJSALINKM AJISI TMOBBIIICHUS MOPAIKa TOYHOCTH
annpoKCUManuu. ANroput™M PudapicoHa TmoApasyMeBaeT BBINOJHEHHUE
pacdéToB HA  IIOCIEAOBATEIFHOCTH CETOK C pa3sHOMl  CTENeHbIo
JUCKPETU3aLUH U NOoC/IeAyolee 00beIMHEHHE PE3YIbTaTOB AT IOy YeHUS
6o1ee TOYHOTO pEIICHHUS.

[IpennonoxuM, 4YTO paccMaTPUBAETCS HECTAHIAPTHOE YypaBHEHHE
mupdy3un it Y ¢ «UCTOYHHMKOBBIM WieHOM» ( M ¢ KO3 (HUIMEHTOM

muddy3nn, paBHBIM €IUHHUIIE:
v

—~=V¥- 1)
DuU3MYEeCKUil CMBICT HECTALIMOHAPHOTO PELLEHUS 3[IECh HE UTPAET POJIH,
HO KOTJa pelIeHHe Takoro ypaBHeHus auddysum mpubmmkaercs K
CTallMOHAPHOMY, OHO CTPEMHUTCS K HWHTEPECyIOLIeMy Hac pEeLEeHUI0
a2y 9%y
9x2 W = Z
B HCKOTOpHX cnyqaﬂx TaKasd aHAJIOTUS BBIIIOJIHIACTCA TOYHO. JIJ'ISI TOTO
YTOOBI MPOJEMOHCTPUPOBATh TOJOOHYI0 SKBUBAICHTHOCTH, BBIBEACM
WUTEpallMOHHBIA MeToA PuyapiacoHa nans SJUIMITHYECKOTO ypaBHEHUS
Ilyaccona U3 HecTallMOHAPHON CXEMBI C Pa3HOCTSAMU BIEpe] N0 BPEMEHU U
LUEHTPaJbHBIMU PA3HOCTSAMU [0 MPOCTPAHCTBEHHBIM IEPEMEHHBIM IS

ypaBHeHHs Au(pdy3uu napadboMyecKoro THIA.

ypaBHenus [lyaccona Y=
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IIpumMenss k ypaBHeHUIo (1) pa3sHOCTHYIO CXeMy € pa3HOCTSAMH BIIEpe]
II0 BPEMEHU U C LEHTPAIBHBIMU PA3HOCTSAMHU IO IPOCTPAHCTBEHHBIMU
MepEeMEHHbIM, OTy4aeM
y}if}."l_'[}i"j_(gZyﬁ_l_sZy)(_f (2)
At 8x2 8y? L
J1st mpocTOTBI OrpaHMYMMCS  CIIydaeM, Korja Ax=Ay=Amn
ypaBHEHHUE (2) IpUHUMAET CIEeAYIOIMUN BUA:

+1 _ At 2
it = +A—2[7}f+1 + P+ S+ P 4 - %1 9)
I[TokaxeM cHayana, 4To &; j HE OKa3bIBACT BIMAHHMA HA YCTOHYMBOCTH
ypaBrenus (3). Cnenyst pabote loptnn u Yamiepa, Oynem paccMaTpuBaTth

rpaHuMyHble YCIoBMA JlUpuxie ¥ 0003Ha4uM 4epe3 ¥° TOYHOE KOHEYHO-
Pa3HOCTHOE pelIeHHe KOHEYHO-Pa3HOCTHOro ypaBHeHus Ilyaccona

a2y 9ty Kk
a2 T o = ¢ . Torna ommOKa e;; 3HaYEHHs i ; mocne K utepaiuu
OyJeT COCTaBIATh
ko —
elj = ¥y — ¥ “)

ToacraBisis, MOMYYEHHOE OTCIOAA BBIPAKEHHE IS ‘i}‘ B ypaBHEHHE
2 2
9cY  0°v
= {, OyzeM UMeTh

ax? ay?

829 52k s290 52k ©)

5x2 5x2 5y? s5y2

92y oy
Tak kak ¥* B TOYHOCTH YJOBJIETBOPAET YPABHEHHIO P + 5z = Z,
X y

ypaBHeHHIo (5) cBoauTCs K ypaBHeHHIo Jlammaca

52ek  52ek

sz t52=0 (6)

5x2 Sy?

[TockoapKy TpaHIYHBIC YCIIOBUS 3a/IaHBI, HA BCEX TPaHUIIAX P =
i e=0. Torga aHaIOTMYHO MTEPAMOHHOMY KOHEYHO-PA3HOCTHOMY
ypaBHeHHIO (3) MOXHO 3aIliucaTh IS OITMOKH € CIIeIyIollee ypaBHEeHNE:

k+1 _ ko Atr k k k k k
e =ej;tgles, el tejg ey —4e] (7

Takum obpazom, urepannonHoe ypaBHerue (3) mis ¥V sxkBuBaneHTHO
UTEPANMOHHOMY ypaBHeHuIo (7) IJs e, mpudeM TOoceaHee, OYeBHIHO, HE

3aBHCHUT OT (.
. At
VYcnosue ycroitauBocty ypasHenus (3) wim (7) umeer Bun d = aA—Z <
0,25 nmu npu a=1 At = A?/4. [loacTaHOBKA 3TOTO 3HAYEHHUs B ypaBHeHue (3)

Jaer
1 1
it =¥ +;[7}i(+1 + P+ P+ o — 4 - 0%E](8)
TIpuBozas MO06HbIE WieHbl, cofepkainue ¥, nomyuaem

‘1{(71 = i[‘ljfu + P+ 'f}i(,j+1 + yjifj—l - Azfi,j] )
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OTOT aNTropuTM IpeAcTaBisieT codoit Meron Puaapacona npu Ax = Ay.

[Tpumeps! npuMeHeHus: MeToa Pruuapacona MOXKHO HaiTH B 3aj1a4ax
9NEKTPOJUHAMHKH, T/Ie OH [IOMOTAeT BBIYHCIATh JJIEKTPUUECKOE MOJIe PU
HaJIMYMH CIIOXKHOW TPAHUIIBI MEXKAY Pa3HbIMU TUIJIEKTPUKAMH.

Meton Puuapacona mpencrtaBinsieT co0oil IEHHBIH WHCTPYMEHT B
00acTH YHCIEHHOTO MOJIENHPOBAaHUS Ojaromaps CBOEH CIIOCOOHOCTH
MOBBIIIATh TOYHOCTH AMMPOKCUMALUMK 0€3 3HAYUTEIBHOTO YCIIOKHEHUS
BbruucneHns. OmgHako ero 3(@eKTHBHOCTH 3aBUCUT OT XapaKTEPHUCTHK
KOHKPETHOH 3amaud ¥ MOXKET OBITh HE TaKOH BBIAAIOMICHCS TpH
OTIPEZETIEHHBIX YCIOBUAX IO CPABHEHHMIO C APYTHMH MOJXO0JaMH.

ITepcniekTHUBBI HCTIONB30BaHMS MeToa Pudap cona mupoku 6inaronaps
BO3MOXHOCTAM TMapaJlJICIbHbIX BBIYUCIICHUA U pa3BUTHA amnmnapaTHoro
oOecnieueHus. Bo3amoskHbIe HanpaBIeHHUs AadbHENHIINX HCCIeI0OBaHUN MOTYT
KacaThCsl ONITUMHU3AIIMHU aJITOPUTMA JJIs CHEHU(PUYECKUX KIaCCOB 3a/1a4 HITH
HHTErpauyu MeEToaa CO CJIOKHBIMU MOJCIIAMU (bI/ISI/I‘IeCKI/IX IIpO1ECCOB,
HanpuMmep, B 06J'IaCTI/I MAarouToruIpoAuHaMUuKu UJIN KBaHTOBOM q)HSI/IKI/I.

JlutepaTtypa
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NHCTPYMEHTbBI HTHTEPAKTUBHOI'O OBYUYEHUSA
HA YPOKAX ®U3UKHN

®uznka — 3KCIepUMEHTaIbHAs M OYeHb HHTEpEeCcHas HayKa. OIHAKO U3-
32 CIIOKHOCTH €€ H3yYeHHs YYCHHUKH 4YacTo TepsIT HHTEpEC.
[MpenomaBarensaM Bcerza HY>KHO TyMaTb O TOM, KakK yBJIE€Yb YUCHHKOB U
czenaTh HOBBIM Marepual 0ojiee JOCTYITHBIM U MPUATHBIM. IHTepakTHBHbBIE
yueOHbIe MOCOOHs TI0JIE3HBI B JTFOOOM KIlacce.

WX wucnonp30BaHUE TIOJIOKHUTEIBHO BIHMSET Ha NpoLEecC OOydeHHs
¢busnke:

- y4dTedb MOXET JaTh Oouibiie uH(bOpMAIWu, caeidaB e Ooee
JIOCTYTHOU 1151 HOHUMAaHUs;

- TIOBBIIIAETCS HHTEPEC K U3yIaeMOH TeMe;

- B Tporiecc 0Oy4deHUs: MOXKHO BOBJIEYb BECh KJIACC, OPTaHH30BATh
oOImeHne MeXIy YJaluMIcs B X0JIe YPOKa, HaJlaUTh 00paTHYIO CBS3b;

- BO3PAcTalOT BO3MOXKHOCTH MHIUBHAYAILHOTO MOAXOA;

- 3HAQUUTENBHO 3KOHOMHUTCS BpeMsI Ha OOBSICHEHHE HOBOTO MaTepuaia
1 KOHTPOJIB.

B pesynbrare Oonee 3¢hdexTHBHO (HOPMHUPYIOTCS YHUBEpCAJIbHbIE
y4eOHbIe MOJENM IOBEACHHS, YTO B 3HAYMUTENBPHOW CTENEHH CBS3aHO C
BHeapeHneM DeepabHBIX HAIMOHAIBHBIX 00pa30BaTENbHBIX CTAaHAAPTOB.

OmuH U3 caMBIX COBPEMEHHBIX U 3((EeKTUBHBIX MHCTPYMEHTOB IPHU
oOyueHNH (U3MKE — 3TO WHTEPAKTHBHASA JOCKa. VIHTEpakTHBHBIE IOCKU
BKJIIOYAIOT YETHIPE OCHOBHBIX KOMIIOHEHTA (cM. puc. 1). MynsTuMe auiiHbIN
IPOEKTOP U HHTEPAKTHUBHAs JOCKAa MOJKIIOYAIOTCS K KOMIIBIOTEDY.
W300paxkeHne ¢ MOHHMTOpa KOMIIbIOTEpa Iepeaaércs 4epes3 NMPOeKTOp Ha
WHTEPaKTHUBHYIO JOCKy. KacaHusi HOBEpXHOCTH HWHTEPAaKTHBHOW JJOCKH
JIEKTPOHHOM pydykoH (CTHIIycOM) TepelaloTcsi Ha KOMIBIOTEp |
UHTEPIPETUPYIOTCS  CIELHMAIbHBIM  NPOTPAMMHBIM  O0ECHEeYEHHUEM.
VHTepakTHBHBIE OOCKH OBIBAIOT PAa3NWYHBIX BHAOB M KOMIUICKTAIIHH.
JltoOble  MoOmenu JOCOK MOTYT OBITh OCHAIEHBI  CHEIHATLHBIMHU
paanoIyIbTaMH JJIi OOMEHA TaHHBIMH C MHTEPAKTHBHOM JOCKOM.
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PaauonyneTst ans 00-
MeHa JaHHbIMM C HHTep-
AKTUBHOI OCKO#

Wurepakrupnas
nocka

Puc. 1 OcHOBHBIE KOMIIOHEHTBI UHTEPAKTUBHOU JOCKH

OCHOBHBIE BO3MOXKHOCTHU HHTepaKTHBHOﬁ JOCKH: MOACINPOBAHUC
00BEKTOB Ha JIOCKE; pAaclo3HaBaHHE IOYEPKa; JBYX IOJb30BATEIbCKUMA
pexxuM paloThI; 3alMUCh AEHCTBHUI, NMPOU3BOAMMBIX Ha JIOCKE; CO3JaHHE,
M3MECHEHHE M IIepEeMEIleHue pa3JIMyHbIX OOBEKTOB; OOJBIIONH HAaOOp
WUTIOCTpaluid, ()OHOB, THIOB CJAaW0B M MIAOJOHOB HWHTEPAKTHBHBIX
3aJJaHuil, KOTOpbIE MOJXXHO pEJaKTHPOBaTh; HMMIOPT BHEIIHHUX (aiioB
pasHbIX (OopMaToB, B TOM 4HCIE€ W3 ceTh VHTepHeT; «mTopkay —
BO3MOJXKHOCTb TIOIIArOBOTO OTKPBITHS CIalaa; BUPTyajbHas KJIaBUATypa;
reoMeTpuYecKkne TNpHOOpHl sl depTexedl  (IMHEHKa, IHPKYJIb,
TPAHCHIOPTHD).

C momonipio IU(PPOBEIX TEXHOJIOTMH Ha YpOKax (HM3MKH y4YUTENb
MOJKET PELINTh CPa3y HECKOJIBKO 3a/1a4:

- Hay4yuTh JeTed pabotarh ¢ uHOpMauuend. YYEHUKH MOTYT
O3HAKOMUTBCSI C HOBBIM MaTepuajoM depe3 IHrepHeT, Hampumep, B
ANIEKTPOHHOM yueOHHKe JIN0O Ha crenuaibHOH iardopme no Gpusuke.

- HCIIOJIB30BaTh HArJISOTHOCTH. dusnka — OAWH H3 TEX MPECIAMETOB,
KOTOPBIH TpeOyeT MMPOKOro Habopa WLTIOCTPATHBHOTO MaTepraa.

- TIOKa3bIBaTh SKCIEPUMEHTHI. be3 sKCIiepuMeHTOB Ha ypokax (pu3nKu
He oOoiTHCh. CyIIECTBYIOT CIIENHAIBHBIC NMPWIOKEHHUS, IO3BOJISIOIINC
MPOBOJIUTH AKCIIEPUMEHTHl B BHPTYaJIbHOM MPOCTPAHCTBE. Tak KaXKIbli
YYEHHK MOJXKET II0YyBCTBOBAaTh CONPHUYACTHOCTh K IPOHMCXOMAIIEMY U
TIIy0sKe MOHATH CYTh (PU3NYECKHX MTPOIIECCOB.

- IpOBOAWTH JIabopaTopHble PabOTHl. B 3TOM IIaHe BO3MOXKHOCTH
HWHTCPAKTUBHBIX HHCTPYMEHTOB OYCHbL HIMPOKH. I[CTI/I MOTYT IMOCMOTPETH
HEOOXOANMBI 9KCHEPHMEHT, BBIIOIHUTH MPAKTUYECKYIO0 pabOTy OHJIANH
1100 MPOBEPUTH PABUIBHOCTH €€ BBINOIHEHUS.

B0O3MOXHOCTH ~ HCHOIB30BaHUS ~ HMHTEPAKTUBHOM  JTOCKM  Ha
Ta00PaTOPHBIX 3aHATHAX JOCTATOYHO INHUPOKH. BO-TIEpPBBIX, MOSBISETCS
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BO3MOXKHOCTh paccMaTpuBaTbh TaKWE SBICHHS M IIPOLECCH, KOTOpBIE
HEBO3MOXHO peajiM30BaTh B Y4eOHOM 3aBeleHMHM (M3y4YeHHE aroma
BOJIOPO/A, AEJEHHE sSIep, B3PbIB OAIUIOHA C ra3oM BCJIEACTBHE HarpeBa M
pa3nér OCKOJIKOB, KMHEMaTHKa W AWHaMUKa (YHKIHMOHHPOBAHUS psijia
criacaTesbHBIX YCTPOMCTB IIPU MPOBEJICHUH aBapHUitHO-criacaTeIbHBIX padoT)
Bo-BTOpPBIX, MOKHO HCIIOJIB30BaTh KOMIIBIOTEPHbIC aHUMAIIMOHHBIE MOJICIN
WIN BHJCOMATEPHATbl C JAHHBIMH SIBICHHSMH, a TaKXKe OCTAHOBUTH
aHUMAIMIO B TpeOyeMbIii MOMEHT 3aHATHUS U choTorpadmpoBats Kaap C
MOMOIIBI0 HMHCTPYMEHTa «Kamepa». IlodydeHHbIH CHHUMOK MOXHO
YBEIHYUTh, BBIJICIUTh [[BETOM H T. 1. [Ipu 3TOM (U3HUECKuii IpoLece Hin
siBIICHHE OyayT Oosiee MOHSITHBI ayJUTOPHU. B-TpeThuX, NpU MPOBEACHUH
a00paTOPHBIX PabOT HAa IUIAHOBBIX K JIOTIOJHUTCIBHBIX 3aHATHSIX B
BUPTYQJILHON J1a0OpPaTOPHOW YCTaHOBKE €CTh BO3MOXXHOCTh HM3MEHEHUSI
Pa3JIMYHBbIX NapaMETPOB IMPOBCACHUA OIIbITA, U COXpaHéHHaH MOJCJIb MOXET
ObITh HCTONIB30BaHa B AajbHeiimeM. st Gonee 3(h(EeKTHBHOTO yCBOCHUS
Marepualia MOXHO UCIIOIb30BaTh GOTOrpaduu MPUPOAHBIX SBICHUN, CXEMBI
U PUCYHKH, TTOKa3bIBAIOLIHNE HX CBA3b C MOKApHOI 0€30IaCHOCTHIO, a TaKKe
pUOOPOB U MPUCTIOCOOIECHHI, KOTOPBIE OCHOBAHBI HA U3YyYaEMOM SIBJICHUH
win 3akoHe. TakkKe MOXHO HCIHOJIB30BATh PUCYHKH, HIUTIOCTPUPYIOIINE
TEKCTHI —  CXEMbl  OPUOOPOB,  IKCIEPUMEHTAIBHBIX  YCTAHOBOK,
JNEKTPUUECKHX [eTieH, rpaduKu 3aBUCUMOCTEH (U3MIECKUX BEITUYHUH.

Takum 00pa3oM, HHTEPAKTHBHAS JOCKA MPH U3yYeHUH (QU3UKU — ITO
elé OJIMH IIar Ha MyTH MOBBIIICHHUS KauecTBa 00pa30BaTebHOTO MpoIecca.
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METO/IbI PEHIEHUSI YPABHEHUI U CUCTEM YPABHEHUI
B MATHCAD

VYpaBHEHUsI W CHCTEMBl YypaBHCHHH WrpalOT BaXHYIO pOJb B
MaTeMaTHKe, (U3HuKe, WHKCHEPHUH W APYTHX OONACTSIX ECTeCTBEHHBIX H
TOYHBIX HayK. [l pemieHus CIIOKHBIX MaTeMaTHYeCKUX 3a1ad H
UCCJIEIOBAaHUM 4aCTO IIPUMEHSIOTCS Pa3IUYHbIE IPOIPAMMHBIE CPEbl, TAKHE
kak Mathcad. Mathcad — 370 KOMIBIOTEpHAsE IPOrpamMMa ISl BBITOTHEHUSI
MAaTEMAaTHYCCKUX pacuCTOB, aHalInW3a MOaHHBIX M CO3AaHUS TCXHHUYCCKUX
JIOKYMEHTOB.

[Iporpamma 1mMo3BOJISET UCTIOJIB30BATh YHCICHHBIE METOMBI, TAKUE KaK
METO HI)IOTOHa, METO HpOCTOﬁ uTepanu, MCTO/J MMOJIOBUHHOI'O JACJICHUA U
IpyTHe, I HAX0KICHHUS YACIICHHBIX PUOIMKEHHBIX penieHnit. braaromaps
rpadudeckomy uHTEpdeiicy momp3oBarens, Mathcad nemaer nmporecc BBoia
1 00pabOTK! YpaBHEHUI HHTYHTHUBHO MOHSATHBIM, YTO JENIACT €ro yI0OHBIM
WHCTPYMEHTOM KaK ISl HAYMHAIOIINX, TaK U IJIS OMBITHBIX MTOJTb30BaTEICH.

OpmHUM W3 BaXXHBIX MHCTpyMeHTOB Mathcad sBisieTcss BO3MOXKHOCTB
pellieHns] YpPaBHEHHH U CHCTEM YpaBHEHHH pa3nuvHbiXx THoB. B Mathcad
CYIIIECTBYET BO3MOXHOCTh pPabOTBl C CHCTEeMaMH YypaBHEHHUU OO0
CJIOKHOCTH. HpI/I OTOM MOXHO JICTKO BBOJUTL U PEIAAKTUPOBATH
MaTeMaTHYECKHe BBIPAKEHHS, YTO JelaeT MporpaMmy rmOKoi u yno0HOH B
ucronb3oBanun. Mathcad Tarke obnamaer (yHKIMOHAIOM CHMBOJIBHOM
MaT€MaTHuKH, KOTOpBIﬁ TO3BOJIACT HAaXOJAUTh AHAJIUTUYCCKHUC PCIICHUA
YpaBHEHHH M CHCTEM YPaBHEHMH, 4TO OCOOCHHO Ba)XHO IPH aHaIn3e
WCCIIEJIOBaHUI W CO3/IaHMM MaTeMaTHYecKux Mojened. [lnsg pemieHus
ypaBHeHui B Mathcad ucrionb3yroTcs pa3iIndHbIe METObI, TAKHE KaK METO]T
MOJICTAHOBKH, METOJl UCKIItoueHus, Meton ['aycca u np. Kaknaplid u3 atux
METOJIOB MMEET CBOM OCOOEHHOCTH M IIPUMEHSETCS B 3aBHCHMOCTH OT
KOHKPETHOH 3aauu.

MeTO}I TIOJICTAHOBKHU ABJIACTCA OAHUM M3 CaMbIX IIPOCTBIX U MOHATHBIX
crocoOoB pemieHus: ypaBHeHHH. CyThb MeTO/Ja 3aKJIIOYaeTCs B TOM, YTO
HNCXOJHOC YPAaBHCHHUEC MPUBOAUTCA K BUIAY, IIPU KOTOPOM OAHA MECPEMCHHAA
BEIpa)kaeTcs 4epe3 APYTYIo, U 3aTeM ITO BEIpAKCHHE TIOACTABISIETCS B CAMO
ypaBHEHHE U TMOJYyYCHHS 3Ha4UeHWs mepemeHHod. Mathcad mosBomser
JIETKO peaanu30BaTh dTOT METOJI O1aroiaps cBoeMy yIo0HoMy HHTepdency u
BO3MOXKHOCTH pabOThI C CAUMBOJIEHBIMH BBIPaXKEHHUSIMU.
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Jns pemenus cucreM ypaBHeHui B Mathcad Tarke mpuMeHSIOTCS
pasiMuHble METO/BI, Takue kak meron Kpamepa, meron ["aycca-3eiinens,
METOJ MPOCThIX HTepauui u Ap. Kaxaplii M3 3TUX METOJOB MMEET CBOM
0COOCHHOCTH M MPUMEHSETCS B 3aBUCHMOCTH OT XapaKTEPHUCTHK CHUCTEMBI
YPaBHEHHUH.

Meron Kpamepa sABiseTcs OOHMM U3 METOAOB PELIEHUS CUCTEM
JIMHENHBIX ~ YpaBHEHUH C  TIOMOIUBIO  ONpEAEIUTENIed  MaTpULbI
K03(h(pUIMEHTOB. DTOT METOJ, MMO3BOJISAET HAXOIUTh 3HAUCHNS HEU3BECTHBIX
MIEPEMEHHBIX ITyTeM HAXOXKICHUS OTHOMICHHS OMNPENENUTENS CHCTEMBI K
OTIPEIECTIUTEIISAM, TOTyYarOIMMCS 3aMEHOH cTon0na K03 GUINEHTOB TPH
MIepeMEHHOI Ha CTOJIOCT] TPaBhIX YacTel ypaBHCHUH.

Mathcad mpemocTaBiseT IIHPOKHE BO3MOXKHOCTH Ui pabOTHI ¢
MaTpHULAMH, BBITIOJIHEHUS apU()METHYECKHX ONepaluii U HaXOXKICHUs
OIIpeNeTUTeNeH, YTo o0JieryaeT npuMeHeHue meroaa Kpamepa st penieHus
CUCTEM YPaBHEHM.

Mathcad  sBnsieTcss MOIIHBIM ~ HWHCTPYMEHTOM  JUIsL  PEIICHHS
MaTeMaTU4YCCKUX 3aaad, BKIIOYas YpaBHCHHA U CUCTEMbIL ypaBHeHHﬁ. Ero
yR0OHBIA HHTEPQENC, BO3MOKHOCTH CHUMBOJIBHBIX BHIYMCIICHUH, YICICHHBIX
METOJIOB M BU3YaJIM3aIlMH PE3YJIBTATOB JICJIAIOT €0 HEOThEMIIEMOH YacThIO
pabOTBl  MHXEHEPOB, YYEHBIX M  CTYJCHTOB TIIpH  BBINOJIHEHHUH
MaTeMaTHYeCKUX U MHKEHEPHBIX PAacueToB.
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BSA3KHE KUJIKOCTH

Annomayusn: Bs3kas JKUAKOCTb — 93TO BEIIECTBO, 0OJagaroIiee
CHOCOOHOCTRIO K TEKY4YEeCTH, OJIHAKO CONPOTHBICHHE €€ IedopManuu
3HAYUTENBHO BHIIIE, YeM Y OOBIYHBIX XKUAKOCTEeH. Takue BSI3KHE KUIKOCTH
00J1aaf0T OYCHH BBICOKOH BS3KOCTBIO M HE TEKYT TaK JETKO, KaK OOBIYHBIC
)kuakocTi. OHU HCTIONIB3YIOTCS B Pa3IMUHBIX 00J1aCTAX, TAKUX KaK MHUIICBas
MPOMBIIIJICHHOCTh, MEAMIIMHA, XUMHUUYECKas MPOMBIIUIEHHOCTh U JpyTHE.
Bsi3kue XMIKOCTH MMEIOT LIMPOKUN CIIEKTP CBOMCTB M IPWIOXKEHUH, U
W3y4YeHHE WX CBOWCTB SBJIAETCS BAaXKHBIM HANpaBIEHUEM HAYUYHBIX
HCCJIeTIOBAaHUM.

Knroueswvie cnosa: BA3KOCTh, JKUJIKOCTh, TEKYYE€CTh, IPOMBIIIIEHHOCTb.

Bsi3kasi KHOKOCTE — 3TO KHIKOCTB, KOTOpas o00JamaeT BBICOKOH
BS3KOCTBIO, T.€. CONPOTHBJICHHEM TekydecTH. OHa MOXeT OBITh
npelCcTaBlIcHa KaK CMeChb TOHKHX CJIOCB, KOTOpBIE  CIBHTAIOTCS
OTHOCHTEIILHO JPYT ApPYyTa ¢ OONBIINM TPYAOM H 00YCIIOBIICHa BHYTPCHHUM
TPEHHEM MEXIy CIOSMH JKUAKOCTH Tpu apkeHnd [1]. Yem Ooibrre
BSI3KOCTh, TEM CHJIbHEE CHJIa TPEHUSI MEXY CIIOSIMH, U TeM TpyaHee OyJeT
JKUJKOCTH JABUTATHCSA. Bsi3Kkas )KMIKOCTh MOXKET OBITh KaK HaTypaibHOM, TaK
U CHHTETHYECKO#.[2]

Bsi3kast >kMIKOCTh UMEET MUPOKOE MPUMEHEHUE B Pa3TUIHBIX OTPACIIAX
MPOMBIIIJIEHHOCTH. Hampumep, B THUINEBOH MPOMBIIIJIEHHOCTH BS3KHE
XKHUJIKOCTH WCTIOJB3YIOTCS ISl CO3JIaHUSI COYCOB, JI€CEPTOB, MAaHOHE30B H
JIpYyruxX MpoAayKTOB. B MenuuuHe BS3KHE >KUIKOCTH NPUMEHSIOTCS B
MpoLecce MNPOU3BOACTBA JIEKAPCTB M MEIUIUHCKUX MpenaparoB. B
ABTOMOOWJILHOW TPOMBINUICHHOCTH BS3KHE XHIKOCTH HCIONB3YIOTCS B
TPAaHCMHCCHOHHBIX Macjlax W THIPaBIMYECKUX KHUAKOCTAX, B MEXaHHKE
JKUAKOCTEH BSI3KOCTh UIPAaeT BAXKHYIO POJIb MPU MOJEIUPOBAHUM TEUEHUS
JKUJIKOCTH B TpyOax, Hacocax | APYTHX YCTpoiicTBax. B MarepuanoBeneHuu
BSI3KHE KHUIKOCTH HCIONB3YIOTCSA JUISI CO3JaHUS HOBBIX MaTepUaioB C
3alaHHBIMH PEOJIOTHIECKUMHU CBOMCcTBamMH. [1]

CymectByeT HECKOJIBKO BHJIOB BSI3KOCTH: a0coroTHAs,
KHHEMAaTH4ecKas, YCJIOBHas W JUHAMH4YecKas. AOCOIIOTHAas BSA3KOCTh
OTIpEJICNIACTCS. KaK CHJa TPEHHS MEXITy JBYMsI CIOSMH IKHUIKOCTH,
pa3neNéHHBIMI €TIMHUYHOHN TUIOIIA IBIO, TIPH YCIIOBUH, YTO CKOPOCTH CIIBUTA
paBHa equnuIe. KnHeMaTn4eckas BSI3KOCTh — 3TO OTHOILICHHE a0COIOTHON
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BSI3KOCTH K IIJIOTHOCTH KUJIKOCTH. YCJOBHasl BA3KOCTb — 3TO OTHOIICHHE
BPEMCHHU HUCTCUCHHS OMPECIEHHOr0 00BhEMA JKUIKOCTH Yepe3 OTBEPCTHE K
BpEMEHU HUCTEYEHHUs TaKoro xe o0béMa TUCTHWUIMPOBAHHOW BOJBI TpHU
temreparype 20 °C. JuHamuueckas BSI3KOCTh — 3TO OTHOILIEHHUE CHIIBI
BHYTPEHHET0 TPEHHS K TpajreHTy ckopocT. [1]

CyImecTByeT HECKOIBKO METOIOB H3MEPEHHS BS3KOCTH JKHIKOCTH.
OpanM w3 Hambollee PacIpOCTPAaHEHHBIX SBISIETCS METOJ BHCKO3UMETpa,
KOTOPBIIf TO3BOJISIET H3MEPHUTH CKOPOCTh TEUCHUS KHUIKOCTH IO IEHCTBHEM
ONPEIEIICHHON CUJIBI.

KanmumsapHeIif METOI: HCTIONB3YEeTCs IS onpeneneHns Koddduimenrta
BSI3KOCTH JKUIKOCTH C TIOMOIIBI0 (popmyiter [Tyaszeiis.

Q =8—nl(Pl -P)

Menuuunackuii Meron mno ['ecce: cpaBHHMBAaeT BS3KOCTh M3BECTHOM
Cpelbl ¢ UCCeAyEeMON KUIKOCTHIO.

PoTanimoHHBI METO: MCMONB3YeT KOHCTPYKIMIO M3 JBYX COOCHBIX
OWINHAPOB IJIsI OINPENCIICHUs] BSA3KOCTH IYTEM COOOIICHUS JKUIKOCTH
YIJIOBOM CKOPOCTH.

Merton Ctokca: u3MepsieT CKOPOCTh MaJleHus IapuKa B KUIKOCTH [Tt
omnpejeneHust Ba3kocTu. [3]

Bsi3kue xuaKocTr 0071a1aI0T TAKAMH CBOHCTBaMH, KaK COMPOTHBIICHHE
CIBUTY, TEIUIONPOBOJHOCTb, IJIOTHOCTh M Jpyrue. OHM HUrparoT BaKHYIO
poJib B TMPOMBINUIEHHOCTH U HAyKe, COCTaBJsAsl OCHOBY JJIS MHOTHX
TEXHOJIOTHYECKUX TPOIIECCOB U HccenoBanuii. [1]

TakuM oOpa3om, Bs3Kas >KUJIKOCTH SIBJISETCS Ba)KHBIM JJIEMEHTOM
MHOTHUX OTpaciieii MPOMBINUIEHHOCTH W HayKH, 00Jajasi YHUKaJIbHBIMU
CBOHCTBaMH, KOTOpBIE JENA0T €€ HEOOXOIUMOW ISl MIMPOKOTO CIEKTpa
3a/1a4 U MPUIIOKEHUH.

Jlurepartypa
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TEXHOJIOTMA U UCKYCCTBEHHBINA MHTEJIJIEKT B HAYKE

MB5I KHBEM BO BpeMs, KOT/Ia TEXHOJIOTHH Pa3BUBAIOTCS C HEMBICITMMON
CKOpOCTBI0. MHOTHE mpodeccuy CTAHOBATCS HEAKTYaIbHBIMH, TaK Kak
MO 3aMEHSIOT  MAallMHHOE  IPOM3BOJCTBO, JHOO  pa3lnyYHbIC
WCKYCCTBEHHBIC HMHTEIUIEKTHL. Jlaxke B cdepe HAyKW IMOSBISIOTCS
MEXaHU3MBI, IIOMOTAIOIIME 3HAYUTEIBHO YMNPOCTUTh PEIICHHE MHOTHX
BOIIPOCOB CBSI3aHHbIE, HAIIPHUMED, C U3yUeHHEM cocTaBa BemecTBa. Ho B aTux
CllydasX JIOTMYHO 3a7aThCS BOMPOCOM, HACKONBKO MOXHO JIOBEPATH
COBPEMEHHBIM TEXHOJIOTHSAM.

Hauvanom ucTopuu pa3BUTHS MalIMHHOTO o0y4eHus cuuraercs 1950
rogel 20 Beka. IMeHHo B 3T0 Bpemsi Ajanr Teropunr u Aptyp Camyasib
CO3JaJTIi IPOrpaMMy Ha IPUMEpPE UIPhI B LIAIIKH, KOTOpas ObUIa CIIOCOOHA K
camooOyueHnro. B To ke BpeMss Aptyp Camyai1b BBET TEPMUH “ MalTHHHOE
oOydyenne”, o0003HAYalOMMKH  METOAbl  OOY4YEHHUs  HMCKYCCTBEHHOTO
MHTEJUIEKTa JEHCTBOBAaTh IOJOOHO YEIOBEKY, a TaKXe CIOCOOHOCTh K
YIYUIIEHHIO CBOMX CHOCOOHOCTEH Ha OCHOBE IIPEIOCTABICHHBIX €My
W3BECTHBIX JAHHBIX O PEaJIbHOM MHpE.

B mocnemyrommx romax MamIMHBI CTaJd YCOBEPIIEHCTBOBATHCA, MX
BBIUHCIUTENIbHAS CIHOCOOHOCTh yiydmaTbca. CerofHs OHM BBINOJIHSIOT
(YHKIMHM HaMHOTO CJIOKHEe M Oojiee KayeCTBEHHO. PoOOTH3MpOBaHHbIC
MAIIMHBl YCHEIIHO IPUMEHSIOTCS B MEIHWIMHE [UIi KadeCTBEHHOTO
OTIepallMOHHOTO JeiicTBHA. B MemummHe ecTh IS 3TOTO M CIenHasIbHas
obylacTe Ha3plBaeMasi poOOTH3MPOBaHHAs XUpyprus. [lepBoe nmpumeHeHue
poborta B xupypruu 06u10 B 1985 romy. 1o ObLIa oneparyst ¢ IpUMEeHSHIEM
KOMITbIOTEpHOTO TOMOrpada manst 3abopa obpasna TkaHu. g sToro
npumensuicst Manumyiasitop PUMA 200, cosmansbiid ais paboTel Ha
koHBeiliepax General Motors.

CBepx BBIUUCIUTENBHBIC MAIIUHBI YCIIEIIHO IPUMEHSIOTCS U B HAyKe.
Hanpumep, B ¢usuke Takume yCTPOHCTBAa HCIIONB3YIOTCS JJIsI aHAIU3a
O6ompmmx nmaHHBIX. B 2012 romy mpm moMomM MOAENH Ha MAaIIUHHOM
00yueHNH HayYHBIMHU HCCIIEAOBATEISIMH OBUT OTKPHIT 6030H Xwurrca. ['oBops
npome, 0030H Xurrca — 93TO MPEANONOXKHTEIBFHO —CYyMIECTBYIOIIAS
3JIEMEHTapHasl YacTHIa, HE MMEIOIasl 3JIEKTPUIECKOro 3apsifia M CIHMHA.
3agadell HCKYCCTBEHHOTO MHTEIUICKTA CTal aHajdu3 OECKOHEYHOTO IOTOKa
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CUTHANOB U3 bojbmoro agpoHHOro koiiaiaepa, ¥ MOUCK MPU3HAKOB ITOH
3JI€MEHTaPHON YaCTHUIIBL.

VYueHble KOITyMOUHCKOTO YHUBEPCUTETa OJJHOH 13 BO3MOXKHOH 3a1adueit
WU cunTaroT MOUCK HOBBIX ()U3UYECKUX 3aKOHOB. VcclieIoBaTEeIH BBIIBUIIN
YMEHHE MCKYCCTBEHHOT'O MHTEJUIEKTa CaMOCTOSITENILHO BBISBUTH HMPUYUHBI
rOpeHusl KaMHHa. HavanpapiMu manabiMu s UM Obut  TOJBKO
Brzco3anucH. TakuM o0pa3oM ydeHsIe caenanu BeBoj, uro MU mmeer Bce
BO3MOYKHOCTH BBISIBUTh HEU3BECTHBIE PAHEE UEIOBEKY ABMXKYIIUE CUJIBI.

Ho B 1O x€ BpeMsi HEKOTOpBIE JIOXKHO IOJAararT, YTO HE CTOUT TaK
JOBEpSITH  POOOTH3UPOBAHHOMY  HWHTEUIEKTY. ECTb  MHEHHS, dYTO
HCKYCCTBEHHBI pa3yM MOXET YCOBEPIICHCTBOBaTh ceOs Tak, YTO B
MOCNIEAYIOIEM 3TO MOXET MPHBECTH K rubenu yenoBeuectBa. Ha camom
Jieqie 3TO Bce BBIAYMKH. Tak mnM MHa4ye, BCEMH NPOIECCaMi, CBA3aHHBIE C
poOoTu3amuell ympaBiseT 4eIOBeK. Bce JCWCTBUS yKe 3aJI0KCHBI B
nporpaMMmy. MalivHa JHIIb aHATU3UPYET BBEACHHBIC JaHHbIE U JaeT
MPEAIO0JIOKHUTENbHBIM OTBET HA OCHOBE UMEIOLIMXCS MoKa3aTeneil. To ecTs,
ABTOHOMHOCTh MHTEJUIEKTa 3TO BCETO JIMIIb BUIUMOCTh. [IpenmyniectBomM
SIBIISICTCS BCETO JIUIIB CKOPOCTh aHAIIN3a MH(OpMAITHH.

Takum 00pazoM, HEUPOCETH W MAITMHHBIC MEXaHU3MEI TIPECTABISIOT
co00if MOINHBIH WHCTPYMEHT, KOTOPBI TpaHCHOpPMUPYET HAYKy U
OTKpPBIBAE€T HOBBIE TOPU3OHTHI i UccieoBaHUA. C UX MOMOIIBIO yUEHbIE
[I0JIy4at0T BO3MOXKHOCTb PEIIATh CIIOKHBIE 3a/1a4H, aHAIU3UPOBATh JaHHBIE,
JieaTh TPOTHO3bI W TMPUHUMATh pEIIeHUS Ha OCHOBE TMOJYyYeHHOU
nHpopmanuu. IT10 nenaer Hayky Ooinee 3pdeKkTHBHON M MPOIYKTUBHOM, a
TaK)Ke CIIOCOOCTBYET Pa3BUTHIO HOBBIX 00JIaCTeH UCCIIeIOBAHUI.
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NPEMMYIECTBA HCIIOJIb30OBAHUA MATHCAD
JAJIA PEHIEHUS MATEMATHYECKHUX 3AJAY

MathCad - MomHBI HWHCTPYMEHT, KOTOpPBIH OOJerdacT mporecce
penIeHust MaTeMaTHIEeCKUX 3a1a4. Ero ucronp3oBaHne B COBPEMEHHOM MHUPE
MaTeMaTHUKH ¥ MHXCHEPUH CTAaHOBHUTCS Bce OoJiee MOIMyIspHBIM OIaromaps
psly TperMYIIECTB, KOTOPbIEe OH IPEeNoCTaBisieT. B 3Toi cratbe MbI
paccMOTpUM OCHOBHBIE TNpeuMymiecTBa wucrnonb3oBanust MathCad s
peLIeHUsI MaTeMaTHYECKHX 3a1ay.

1. UatyntuBHO mousTHbl nHTepdeiic: MathCad umeeT MHTYHUTHBHO
NOHATHBIA WMHTEpdEHC, 4YTO JelaeT ero MNpoCTHIM B HM3YYEHHH WU
UCIIOJIb30BAaHHU JaXKe JUIS TeX, KTO HE MMeEeT CIIeHaIbHBIX MaTeMaTHUECKUX
3HaHHUH. B mporpaMme ecTh BO3MOXKHOCTD MCIIOIb30BaHMS apH(PMETHIECKIX
orepanyii, CHMBOJBHBIX BBIUYMCICHUH, NMOCTPOCHUs IpaduKkoB M MHOTHX
JIPYTUAX (QYHKITHH.

UuTepodeiic Bkmovaet B ceOs:

1) Crpoky 3arojoBka.

2) CTpoKy MeHIO.

3) Tlamenmun wuncTpymeHtoB: «CranmapTHas», «DopMaTupoBaHHE»,

«Pecypce» u «DIEeMEHTHI yIIPaBICHUSY.
4) Tlanenp wuHCTpyMEHTOB «Math» © jgoCTymHBIE depe3 Hee
JIOTIOJTHUTENbHbIE MATEMATHUECKHE TIAHEJIM MHCTPYMEHTOB.

5) Pa6ouyro 061acTh.

6) CTpoKy COCTOSIHUSL.

BBox ¢opMyI1 MOXKHO OCYIIECTBHTH KaK € KJIaBUATyphl, TaK U MPH

TIOMOIIHY TTaHeJNIel HHCTPYMEHTOB.

2. CnoxHble pacueTsl B onHOM Mecte: B MathCad moxHO jerko
BBITIOJIHATH CJIOKHBIE MaTEMaTHYeCKHe pPacueThbl, TaKHe KaK YHCICHHBIH
aHaIM3, pEIICHNE YPaBHEHWUH M CHUCTEM YypaBHEHHH, WHTETPHUPOBAHHE U
muddepernupoBanue GyHKIUN. Bee 3T0 MOXKHO J1eaTh B OJJHOM MECTE, U4TO
YIPOIIAET HPOLECC U YMEHbBIIAET BEPOSITHOCTh OLITHOOK.

3. Bo3moxHocTh cozmanus aokymentarmu: C momomisio MathCad
MOXHO CO3/1aBaTh JOKYMCHTAIMIO, COJEPXKAIIyI0 KaK MaTeMaTHIEeCKHE
BBIKJIIAKH, TaK ¥ TEKCTOBbIE KOMMEHTApHH. JTO TIOMOTAcT OPraHHU30BaThH
MH()OPMALUIO U IEIUTHCS PE3YIbTaTAMHU PACIETOB.
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[Ipy mpoBeneHMH OBICTPHIX PacyeTOB MOXKHO HE YJAENSATb BHUMaHHS
IIPU CTPYKTYPUPOBAHUM JOKyMeHTa. Ho py HanMcaHWU OTYETa WIN KHUTH
CllelyeT y4MThIBaTh TO, Kak OyJeT BBHIMIIAAETh JOKyMeHT Mathcad, 4ToObI
W3YyYaroUIMi TaHHBINA IOKYMEHT MOJIb30BaTeNb CMOT ITOHSTH €TO.
Bb1enmuM HECKOJIBKO AJIEMEHTOB B CTPYKTYPE JIOKYMEHTOB!
1) Hactpoiiku CTpaHHMIIBL.
2) BepxHuil U HIKHA# KOJOHTHTYIIBL.
3) TeKCcTOBBIE MOJIS.
4) Hactpoiiku mpudra.
4. Moctpoenwue rpaduxo: MathCad mo3BossieT cTpouTh rpaduku
GYHKOMA W OUarpaMMbl  Pas3idyHBIX THIOB. JTO YNOOHO IS
BU3yaIM3alll1 Pe3yJIbTaTOB PAacYeTOB M aHAJIM3a JaHHBIX.
CyiecTByeT Tpu criocoba nmocTpoeHust rpad)uka BIporpaMme:
1) Tlosurms I'maBHoOro MeHto Beraska (Insert), BeiGpats kKoMaHIy
rpaduk (Graph) u B pacKpbIBaroIeMcsi CIUCKe -
THI Tpaduka;

2) Bpoibpats Tun rpaduka Ha HabopHoit manenu I'padux (Graph),
KOTOpasi BKIFOYAeTCsl KHONKOM Ha maHenn Math;

3) Bocmosp30BaThes OBICTPBIME KIIABHIIAMH (OHH HPEIYCMOTPEHEI
HE JUIS BCEX THIIOB rpadUKoOB).

5. BcrpoeHHble OMONMOTEKM MaTeMaTHUYSCKUX — (DYHKITHIL:
MathCad mmMeeT BCTpoeHHBIE OMOIHOTEKH MaTeMaTHICCKUX (DyHKIIHH,

YTO TMO3BOJISIET OBICTPO M yIOOHO HCIOJb30BaTh Pa3IM4HbIC
MaTeMaTHYeCcKHe Olepalyuy U METO/IbI.

Hcnonb3oBanne MathCad myist perreHusi MaTeMaTHYeCKUX 3a1a4u
CYLIECTBEHHO YIPOIIAET M YCKOPSIET MMPOILIECC BBINOJIHEHHUS PacueToB.
bnaropapsi CBOMM MHOTOYHCIICHHBIM MPEUMYIIECTBAM, 3Ta IPOrpaMmma
OCTaeTcsl OJHUM M3 JIyYLIMX HHCTPYMEHTOB JUIsi MaTeMaTHYeCKUX
BBIYMCIICHUI B PA3JIMYHBIX 00NACTIX HAYKH U TEXHUKH.

Jlurepartypa

1. BacwuiseB Anekceit Mathcad 13 na npumepax (+ CD-ROM); BXB-
[MerepOypr - Mocksa, 2006. - 528 c.

2. Kupspsuos /1. Camoyunrens Mathcad 11; Kaura o Tpedosanmuro -
Mocksa, 2012. - 544 c.

3. TomoBko A. M., I'anuues U. B. Mathcad mis cryaenra; Kaura mo
Tpedosanuio - Mocksa, 2006. - 328 ¢
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IMPUMEHEHME YPABHEHMUS JIATPAHXKA 11 POJA
K UCCJIEJOBAHMIO JIBUKEHUS MEXAHUYECKOM
CUCTEMBI C IBYM# CTEINIEHAMMU CBOBO/bI

AHHOTAIHUsI: PaCCMOTPEHO ypaBHeHHe JlarpaHka BTOPOro mopsijaka B
00001IeHHBIX KOOPAMHATAX JUISl aHAJN3a JABIKEHUST MEXaHUYECKOM
CHCTEMBI C IBYMSI CTEIIeHsIMU CBOOOIBI. [IocTpoeH airopuTm peuieHus
3ajJ]a4 ¢ MCIOJIb30BaHUeM ypaBHeHHUs Jlarpanxka

KoaioueBble ciioBa: ypaHenue Jlarpanxka, nuddepeHunansHeie
YpaBHEHHUSI, CTEIIEHb CBOOOIbI

VYpasuenus Jlarpamka Broporo posa — qudpepeHnnaabHble ypaBHEHHS
BTOPOTO TOpsiiKa B OOOOWIEHHBIX KoopiauHaTax. OHHM JAl0T €AWHBIH |
JIOCTaTOYHO TNPOCTOH METOJl pelIeHHs 3ajad AWHAMUKHU I JIFOOBIX Kak
YTOJHO JBWXKYIIMXCS TOJOHOMHBIX M CTallMOHApHBIX cHcTeM. Yucio
YpaBHEHHI HE 3aBHCHUT OT YMCIIa BXOSIINX B MEXaHUIECKYIO CHCTEMY TOYEK
WITH TEJI, a 3aBUCHT OT YKCJIA CTeNeHel cBoGo b [2].

[MpeanoxuM anroput™M pelIeHHs 3aJadd Ul W3y4YeHUs! JBHIKECHHS
MEXaHUYECKOH CHCTEMBI C JIByMsl CTEHEHSIMH CBOOOBI C HUCIIOJIb30BAaHHEM
ypaBHeHus Jlarpanxa BTOpOTro MopsiaKa.

1. OmpenenuTb CUCTEMBI

[TpeArnoaoXuTh, YTO UMEETCS MEXaHHYEeCKash KOHCTPYKIINS, COCTOSIIAst
U3 JBYX CTeleHeld cBOOOJBI, Kak, HampuUMep, CHUCTeMa, IJie MasTHHK
NPUKPEIVIEH K MOABIXHOW TeJexKe, MO0 JBOWHOH MeXaHHWYeCKHi
MasITHUK.

2. BriOpaTh 00001IEHHBIE KOOPIUHATHI

OO0o03HaunTh 00OOIIEHHBIE KOOPAWHATHI CHUCTEMBI, Kak (i1 U Q2
Hanpumep, 11 MasiTHHKA 3TO MOTYT OBITh yTOJI IIOBOPOTa & M MOJIOKEHHE
TEJEKKH X.

3. TMocTpoeHne KUHETHYECKOH SHEPTUM M MOTCHIMAJIBHOW IHEPrHU
yepe3 0000IIeHHbIE KOOPAMHATHI

T =T(q1, 92,41, 42) @
U=U(41,92) )
4. CocraButb ¢yHKIMHK Jlarpanxka
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Oynkuus Jlarpamka L onpenensiercs, kak pa3HOCTh KHHETUUECKOH M
MOTEHIUAIbHOM SHepruu:

L=T-U (3)

5. IlpumeHneHue u pemieHne ypaBHeHui Dinepa-Jlarpamka

Jus xaxnoit 0000ImeHHOW KOOpAWHATHI (i MPUMEHUTH ypaBHEHHE
Oitnepa-Jlarpamxa:

d ,oL oL
2 Ga) "ag, =0 (4)

6. AmHanM3 perieHus U MpoBepKa pe3ysbTaToB

7. HHTepmperanus pe3yibTaToB

WuTepnpeTupoBaTh IOJIYYEHHBIE pE3YyJbTaTbl C TOYKU 3PEHUS
(1)I/I3I/I‘IGCKI/IX CBOMCTB CUCTEMBI U CACJIaTh BBIBOJBI O eé TIOBCACHHH.

Takum oOpa3oM, UCHOJB30BaHUE ypaBHeHHs Jlarpamka BTOpPOTO
MopsiAKa Uil aHaluu3a [BUJKEHUS MEXaHMYECKOHM CHCTEMBI C OBYMs
CTETICHAMH CcBOOOIBI oOecrieunBaeT Oojee TIIyO0KOe W TOUHOE TIOHUMAaHHUE
€€ JMHAMHKH, 4YTO TIO3BOJSIET TPOTHO3HPOBaTh €€ IOBEAEHHE B
Pa3sHOOOpa3HBIX CLEHAPHUIX C BEICOKOH CTETICHBI0 TOYHOCTH U HAJAEKHOCTH.

Jlutepartypa

1. Buocarmup MW. A. Bricmas MatemaTtuka [UIS YalHHKOB.
IMpousBoxuble n nuddepenumanst / M. A. Buocarmup. — M.: Hayka, 2011. —
36c.

2. TlpuMeHeHUe ypaBHEHHs JIarpaHka BTOPOrO pojia K UCCIIEI0BAHUIO
JBIDKEHUSI MEXaHMYECKOM CHCTeMBl [JJEeKTpOoHHBIH pecypc]. — Pexum
nocryma: https://studfile.net/preview/4120455/page:5/, ceoGoausiii. — ([ara
obpamenust: 05.04.2024).

3. Lrarep E. B. Ananutndeckass MexaHuka. YpaBHeHUs Jlarpamxka
Broporo poxa/ E.B. Illltarep. — Bmanusocrok.: JamsHeBocT. @enepain. yH-T,
2019.-18c.

Bemomnna E.A., Pycunos A.A.
b® YVYHuT, r.bupck, Pb
Pycunos A.A., k.¢h.-m.1., doyenm
Disrea@yandex.ru

OCHOBHBIE YPABHEHUS T'NIPOAVMHAMUKNA

T'maponunamuka — 3TO paznen (U3HKH, W3YYAOIIAN JBIKEHUE
JKUJIKOCTEH M Ta30B, a TAK)KE€ MX B3aMMOJIEUCTBUE C TBEpIbIMU Tenamu. B
9TOM BaXHOM pa3jeic NPUKIaNHOW (HU3MKH BKIOYaeT OCHOBHBIC
YPaBHEHHUS, KOTOPHIE UTPAIOT BAXKHYIO POJIb B TOHMMAHUU U MPEACKa3aHUU
MOBEACHUS >KUJIKOCTEH W Tra3oB B pa3lUYHbIX YclIoBUsX. OCHOBHBIE
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yYpaBHEHHsS THUAPOAMHAMUKU BKJIIOYAIOT YPaBHEHHWE HENPEPHIBHOCTH,
ypaBHeHHe Oiijepa, ypaBHEHHE SHEPrMM M YpaBHEHHUsl OajlaHca Teruia.
PaccMmoTpuM kaxkzoe U3 HUX Oojee MoApoOHo.

OmHMM W3 KIIIOYEBBIX YPAaBHEHUH T'MIAPOJMHAMMKU  SIBISIETCS
ypaBHEHHE HENPEPHIBHOCTH (3aKOH cOXpaHEeHus Macchl). Ero cyTs coctout
B TOM, YTO MAaCCOBBII IOTOK BEIIECTBA BHYTPH 3aMKHYTOH CHCTEMBI OCTaCTCS
NOCTOSHHBIM CcO BpeMeHeM. QDopMaJbHO ypaBHEHHE HEPa3pbIBHOCTH
3anmceiBaeTcs B quddepeHnnansHoi popme Kak:

%0+V-(pv)=0, @

rae O — IUIOTHOCTB cpenbl, V — BeKTop ckopocty, t — Bpems. [1]

VYpaBHeHne Oiiepa HUCHOJNB3YeTCS JUIS OINUCAHUS  JIBUKCHHS
ueaIbHOM )KUIKOCTH, TO €CTh XKHUJIKOCTH 0e3 BI3KOCTU. B HEM yuuThIBaeTcs
N3MCHCHUC JaBJICHUA U BHCIIHUE CUJIbI, @ OTCYTCTBUE BA3KOCTU ACJIACT €TO
yAOOHBIM IJIsI TPOCTBIX Mojened. YpaBHeHHe Oislepa BBIpaXkaeTcs
CIEeIYIONINM 00pa3oM:

p(%+(v-V)v)=—Vp+f, )

rae O — mIoTHOCTH cpenbl, V — BekTop ckopoctH, [J — naBnenue, f

— BHEIIHUE CUJIBI.

B rujgponvHamuke ypaBHEHUWE JHEPrUM HWIrPAeT BaXHYIO poOJb U
OTIMICHIBAET COXPAHEHUE YHEPTHH B MOTOKE KUAKOCTH. OJTHUM U3 OCHOBHBIX
YpPaBHEHUM SHEPTUM B TUAPOJAMHAMUKE SIBJISIETCS ypaBHeHUEe bepHymin.

VpaBuenue bepHysum 1t HeC:)KMMaeMOU U HEBSI3KOM KUJKOCTU UMEET
CJeIyIOIINIA BU;

p+ %,ov2 + pgh = const, @)

rae P — AaBJIICHUE KUJKOCTH, P~ IJIOTHOCTH JKUJKOCTH, V — CKOPOCThH

MOTOKA UAKOCTH, § — YCKOPEHHE CBOOOTHOro majeHus, h — BbICOTa HAal
YpPOBHEM 3eMJIH. DTO YpaBHEHHE YTBEpXKIAeT, YTO CyMMa JIaBICHHS,
KHUHETHYECKOUN OHEPIUHU U HOTCHL{I/IEU'[BHOI\/’I OHCPTHUU XXUAKOCTH BAOJIb IIOTOKA
0CTaeTCsl MOCTOSIHHOM. [2]

YpaBHEHHE TEIUIOBOTO OajlaHCa OMMCHIBAET OallaHC TeTia B CUCTEME U
MOJKET OBITh 3aITUCAHO B BHJIE:

pC%:V.(;NT)JrQ, (4)
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rae O - mnotHocTk, C - ylenbHas TEMI0EMKOCTh, A - KO3 QUIHEHT

TEIUIONPOBOAHOCTH, Q - HMCTOYHMK WJINM CTOK Telja. JTO ypaBHEHHE
MIOKa3bIBaET, KaK H3MEHEHHE TEMIEPATyPhl B TOUKE MPUBOJIUT K H3MEHEHHIO
TeIIa B CHCTEME.

OCHOBHBIC YPaBHCHMS THUAPOIWHAMUKH, TakKHEe KaK ypaBHEHHE
HEpa3phIBHOCTH, MMEIOT IIHPOKOE NPHMEHEHHE B H3yYCHHU M aHAIN3e
JBIDKCHUS KHUIKOCTEH, HAllpAMeEp:

1. Pa3paboTka 1 IPOEKTHPOBAHNE TPYOOIIPOBOTHBIX CHCTEM.

2. TI'mppaBnudeckoe MOAEIHMPOBAHWE: ypPaBHEHHS T'MAPOJHUHAMHKU
NPUMEHSIOTCS Ul MOJCIIMPOBAHMS U aHaM3a MOBEJCHUS PEK, PYCIIOBBIX
MOTOKOB, BOJJOXPAHUIIUIL M IPYTUX THAPOTEXHUYECKUX CUCTEM.

3. AsponuHamuka: ypaBHeHHe Oiliepa W ypaBHEHHE bepHysuin
HCTIONB3YIOTCS U1  aHaju3a I[IOTOKa BO3AyXa B adpOJMHAMHYECKHX
CUCTeMaX, TAKUX KaK KPBLIbS CAMOJIETOB, BEHTHIISITOPBI M TYPOHHBI.

4. T'mppoTypOMHBI W HACOCHL: YPaBHCHHS TPUMCHSIOTCS IS
ONTHMHU3AIMK PAabOTHl THUAPOTYPOMH M HACOCOB, & TAKXKE IS aHaJIN3a
3¢ PEKTHBHOCTH ITHX YCTPOUCTB.

5. Oxkeanorpa¢ust ¥ METEOPONOTHS: HCIONB3YIOTCA I H3Yy4CHHS
OKEaHCKHX M aTMOC(EPHBIX IMOTOKOB, MPOTHO3WPOBAHUS IIOTO/bI, aHAIN3a
TEUEHUH ¥ IUPKYIISALUH BOJbI B OKEaHaXx.

JlutepaTtypa

1. Anekcanapos, /. B. Benenue B THIpoJuHaMUKy: yaeOHOE TOcoOme
/ J1. B. Anexcangpos, A. 0. 3ybapes, JI. 10. HckakoBa. — ExarepunOypr:
YpdV, 2012. — 112 c.

2. Mazo, A.b. T'mmpomunamuka: yue6. Ilocobme st CTyneHTOB
HemarteMaTHdecknx (akymbreToB / A.b. Mazo, K.A. Iorames. — Ka3anb:
Kasan. yu-1, 2013. — 2-e m31. — 128 c.

Bemommnna E.A.

b® YVYHuT, r.bupck, Pb
Jlamwvinog U.U., k.¢p.-m.H., Ooyenm
Disrea@yandex.ru

MNOJIMHOMMAJIBHAS AITITPOKCUMALIMA

T'maponunamuka — 3TO paznen (U3HKH, W3YYAOIIAN JIBIKEHUE
JKUAKOCTEN U Ta30B. J{J1s1 YUCIEHHOr0 MOIEIMPOBAHUS U aHAJIN3a IIPOLIECCOB
B THAPOIMHAMHUKE YacTO MPHUMEHSIOTCS KOHEYHO-Pa3HOCTHBIE (HOPMYIBI U
MOMMHOMHANIBHASL ~ aNIpPOKCHMAaIus.  OTH  (GOPMYJBl  TO3BOJITIOT
JUCKPETU3UPOBATh MPOCTPAHCTBEHHbIE M BPEMEHHbIE MPOU3BOJHBIC, YTO
M03BOJISIET TPOBOAUTH YUCIEHHOE MOAETUPOBAHUE CIIOKHBIX TOTOKOB.
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[Mpeamnosnoxum, uto 3HaueHus Gpyukiwu f 3axane B Toukax i-1, i mi+1,
U MPOBeJIEM apaboIMIeCKy 0 alMPOKCUMAIINIO (QYHKIMN
f(x) =cx® +bx + a,
rIe Havajio KOOpAWHAT OyraerT B Touke i. Torma ypaBHEHHE 3alHIIETCS
CIIETYFOLIMM 00pa3oM
f_,=cAX’ —bAx+a, f,=a, f,,=cAx’+bAx+a.
CkiamsiBass TIepBOe ¥ TMOCIHECOHEE W3 OTHX PABEHCTB, IOTydYaeM

3Hauenns € b c= fig—2f+ 1 b= fia—fiy.

2A% 2AX
3HaveHus TIepBOil U BTOPO MPOU3BOHBIX B TOUKE | OyIyT
2
f
ai =[b+2cx] ,=b, 8—2 =2c.
OX|; x=0 ox

f

HpI/I JIHHCHHON aIlmpoKCUMalun HCJIb3s IMMOJYYUTH BbIPAKCHUC IS

2 o
a f , HO €CJIM HUCII0JIb30BaTh IIOJIMHOM HepBOI/I CTCIICHU U OJIA HOCTpOCHI/IH
ox?

0 of
Pa3HOCTHBIX aHAJOTOB IEPBBIX NPOU3BOAHBIX - — u — ,TO
OX;, A OX -1
nc;nqucx BBIPA)KECHUE, COBITIaJIal0IIIEe c BBIPAXKEHUEM
o°f | — fi+1vi -2 fixi + fiflxi C LICHTPAJIbHBIMU KOHEYHBIMU PAa3HOCTIMM.
ox? | AX?

1]

PasHOCTHBIE (DOPMYIBI IS IPOM3BOAHBIX Oo0Jice BBHICOKOTO IMOPSIKA
BBIBOJATCA C UCIIOJIb30BAHUEM IMOJIMHOMOB BBICIIIHX MTOPAIKOB. BmpameHI/m,
IMOJYUYCHHBIC TIpU TOMOLIM TIOJIMHOMOB TIOPAAKOB BBINIC BTOPOTO, HE
HUJICHTUYHBI BRIPDAXKCHUAM, MOJIYYECHHBIM PA3JIOKCHUAMU B PAIBI Teﬁnopa, u
B KaXJOM CJIy4ae OINMOKAa AammpOKCUMAIMHM JOJDKHA MPOBEPATHCS TMPHU
MMOMOIIIM pasioxkeHus B psj Teitnopa.

C YBCIMYCHUEM TIOpAAKa allpOKCUMallui HU3MEPCHUA CTAaHOBATCS
Ooyee BOCIIPHUMYHBEIMH K «IIyMaM», T.€. K CIyYailHO pacipeIeIeHHBIM
MaJIbIM OIMOKaM JaHHBIX. HampuMep, MOJHMHOM IIECTOW CTEMEHH, Tpaduk
KOTOPOTrO MPOXOAUT Yepe3 CEMb TOUEK, MPUBOAMT K alIIPOKCUMALIMU B BUJIE
OpSMOM, HO TpH MOOABICHUHM [IYMOBBIX BO3MYIICHHHA KOA(PPHUIUEHTEHI
MOJUHOMA OYyT ONPEAEATHCS ITUMH UCKAXKEHHBIMH JaHHbIMHA. [1-2]
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Puc. 1. [TonMHOMMaIbHAS aNIIPOKCUMALHS ILIECTOTO MOPSIKA, @ — alNredpanyecku
UeaIbHbIE JaHHBIE, O — JaHHbIE C JOOABJICHUEM IIIYMOBBIX BO3MYIIIEHUN

OIHAM W3 TIPUMEPOB TIPUMEHEHHS TIOJMHOMHAILHOM aIMPOKCHMAIIHH
B THUIPOJWHAMHKE SBISIETCS AaNPOKCHMANUs BUXPEBOM CTPYKTYpH B
MOTOKAX, YTO MMO3BOJISIET GOJIee TOYHO OIMMCHIBATE TYPOYICHTHBIC SIBICHUS U
BUXpH. [IpUMEHEHHE MOJWHOMHUAIBHON AMIIPOKCHMAIUK  TO3BOJISCT
moJTy4ath 0oJiee TOUHbBIC M HAIC)KHBIC PE3yIbTAThl M HAXOAUT MPUMEHCHHUE
MPU YUCIEHHOM MojenupoBanuu [2-3]: B aspoaunamuke (MOIETHPOBAHKE
MOTOKOB BOKPYT OOBEKTOB); B THIpaBiuKe (aHAIW3 MOTOKOB B pEKax H
KaHaJax); B METeOpoIoruu (IPOTHO3MPOBAHKE TTOTO/IBI).

Jlutepartypa

1. Poyw, I1. k. Berancnurensnas rugpoanHamuka / [ep. ¢ anarm. B.
A. I'ymuna, B. 5. Mutnuukoro; [ox pea. I1. Y. Yymkuna. - Mocksa: Mup,
1980. - 616 c.

2. buraesa, JI. A. Kypc nexmuii 1o 9ucieHHBIM MeToaM: Y4. mocodue
JUI CTyICHTOB (pU3UKo-MaTematudeckoro ¢akymsrera / JI. A. buraesa, U.
W. Jlateimos. — bupck: bupckuit prumuan baml'VY, 2019. — 139 ¢. — ISBN 978-
5-86607-476-5. — EDN KWOELH

3. Jlaremos, W. U. Yucnenusie Metobl. JITabopaTopHbIN MPaKTHKYM:
Yue6. moc. / W. W. Jlaremos. Tom Kuumra 1. — bupck: bupckas
rOCyJIapCTBEHHAsI COIMaNIbHO-Tienarorndeckas akagemus, 2007. — 94 c. —
ISBN 978-5-86607-349-8. — EDN TIMEOK
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®U3UKA CTPEJbBBI U3 JIYKA

1. BBenenue

Crpenpba u3 MyKa — 3TO UCKYCCTBO, TpeOyIOIIee COBEpPIICHCTBA KakK B
TEXHHKE, TaK ¥ B TOHUMAHUH (PU3NIECKUX MPUHIIUIIOB, JIS)KAIINX B OCHOBE
3TOro mpouecca. B maHHON cTaThe paccMaTPUBAIOTCSI OCHOBHBIE ACTICKTHI
(u3KMKH cTPENbObI U3 JIyKa, BKIIOYAs aHAIW3 TPAEKTOPUH MOJIeTa CTPENbl 1
METOJIOB MOBBIMICHHUS TOYHOCTH CTPENbObI [1].

TpaekTopua noneta crpensi

JIMHKUA npuuenmsaHma

-

30 metpos

Puc. 1. — Pazuuya mesncdy 20pu30HmManvbHou Oucmanyuell U peaibHoll.

Crpenbba W3 JIyka MMeeT APEBHHE KOPHU M SIBISIETCS HE TOJBKO
CHOPTUBHBIM MEPOIPHUATHEM, HO M METOJOM OXOTBl M BOEHHOIO
npuMeHeHns. OCHOBON YCIEIHONW CTpenbOBl U3 JTyKa SBISIETCS HE TOJIBKO
MacTepCTBO CTpENKa, HO M TIIyOOKOoe MOHMMaHWE (PU3MYECKUX 3aKOHOB,
YIPABJISAIOUX [10JIETOM CTPEIIBI.

2. ®u3nKa TpaeKTOPUH IOJIETa CTPEIbI:

Tpaexktopust moyieTa CTpelsl MONUMHSETCS 3aKOHAM MEXaHHUKH,
BKIIIOYAs TPAaBHUTAIMIO, CONPOTHBICHHWE BO3AyXa M HadalbHBIC YCIOBHS
cTpenbObl. OCHOBHBIE ITapaMETphl, ONPENEISIONINE TPASKTOPHIO MoJjeTa
CTpenbl, BKIIIOYAIOT HAYaJdbHYI0 CKOPOCTh YTOJ BO3BBINIEHHS M Maccy
crpensl m. OCHOBHBIE (U3MYECKHE 3aKOHBI, ONKCBHIBAIOIINE IBHXKCHHUE
CTpEenbL:

e 3aKOH COXpPaHEHUS DHEPTHU:

1
E:K+U:§muz+mgh (1)
rae E — monnas Mexanudeckas OHCPIrus CTPEJIbl, K — xunetnueckas
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sHeprust, U — moTeHInaIbHas SHEPTHUsl, U — CKOPOCTh CTPEJIbl, g — YCKOpPEHHE
cBOOOIHOTO MaaeHus, h — BeIcOTa.
e JIBM)KEHHE CTPENbI B IPOSKIHSIX:

X(t) = v, cos(9) -t, )

Y0 = 0,5in(0)-t - gt ®

rae x(t) u y(t) — KoOOpAUHATBI CTPENbl 10 TOPU3OHTAIU U BEPTUKAIH
COOTBETCTBEHHO, t — BPEMSl 1)) — HaYaJlbHast CKOPOCTh CTPEIbL, § — YCKOPEHHE

CBO6OI[HOFO nnaacHus, 60— YroJa MEXAy HalpaBJICHUCM HadaJIbHOM CKOpPOCTH
1 OChIO, BIOJIb KOTOpOﬁ HU3MEPACTCA NCPCMCIICHUC.
o I[aJ'IBHOCTL noJicra:
2 -
v, Sin(20)
R=—"7"— (4)

rie R — ManbHOCTh MOJETa, p,— HAYalibHas CKOPOCTb CTPEIbl, § —

yCKOpeHHe CBOOOIHOT0 najieHus, 6 — yroa Mexx1y HalpaBlIeHUEM Ha4aJIbHOH
CKOPOCTH M HAalIpaBJIeHHEM, B KOTOPOM PaccMaTpUBACTCS JalbHOCTH M0JIETa

e 3aKOH COXpaHEHHUS MMITyJIbCa:

3aKOH COXpaHEHHUs MMITYJIbCa YTBEP)KIAET, UTO B3aUMOJCHCTBYIOIIUE
00BEKTEl OOMEHHMBAIOTCSI HMMITyJIbCOM TakKMM O0pa3oM, YTO CyMMa HX
HMITYJIECOB OCTAETCSI IOCTOSIHHOM B OTCYTCTBHE BHEIIHHX CHJI. I CHCTEMBI
JyK—CTpeNa 3aKOH COXPAHEHHS MMITYJIbCa MOXKHO 3alucaTh CIEIYIOLIUM
o0pazomM:

m ‘U =m ‘U 5)

cmpeitbl cmpeitbl memuebl memuesl

e 3aKoH a’pOMHAMUKU:

dopMa M BeC CTpelibl CYIIECTBEHHO BIUSIOT Ha €€ TPaeKTOpUIO U
ckopocTh. COMPOTHBIICHHE BO3AyXa MPEMATCTBYET IBUXKECHUIO CTP CTP
CTpeJibl, MO3TOMY MHUHHUMM3AILUS 3TOTO COMPOTHBICHUS BakKHA IS
JOCTHKEHHS MaKCUMAIIbHOM ManbHOCTH mojieta. DopMyia, OMUCHIBAIOIIAS
STOT 3aKOH, 3aBUCUT OT MHOXECTBa (DaKTOpOB, BKItO4as (GopMy u Bec
CTpeNbl, a TaKXke CKopocTh moiera. OgHAKO, B O0IIEM ciydae, MOXHO
CKa3aTh, YTO YE€M MEHBIIE COMPOTUBIICHHE BO3/yXa, T€M Jajblle JIETUT
crpena [2].

B3anmozeicTBre CTpesbl ¢ BO3AYXOM TaK)KE MOMKET ObITh OIHCAHO
3akoHamMu HpIOTOHA W 3aKOHAMHU a’pPOJMHAMUKH, KOTOPBIE YUYUTHIBAIOT
BJIMSHHE a’pPOAMHAMUYECKUX CHJI HA TPACKTOPHIO MOJeTa. JTH 3aKOHBI
[OMOTalOT ONTHMHU3MPOBaTh (GOpMy W BeC CTpelbl sl TOCTHKCHUS
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MaKCHMAaJIbHOH JaJbHOCTH U TOYHOCTH CTPEJIBOBI.

OnruMu3anys TEXHUKH CTpeibObl: BakKHBIMM aclieKTaMu TEeXHHKH
CTpeNbOBI SABIISTIOTCS 11032 CTPEJIKA, HATSKEHHE TETUBBI, @ TAK)KE TOYHOCTh U
COTJIACOBAHHOCTD BBIITYCKa CTPEIIBI.

PerynupoBka obopynoBanusi: PerynupoBka jyka, TETHBBI M JIyJIbHOU
NPHULETbHOH YCTAHOBKM MO3BOJACT JOCTHYh ONTHMAlIbHOH TOYHOCTH
crpens6sr [3].

[MoxroroBka crpen: PaBHOBecwe cTpemnbl, NPaBWIGHBIA BEIOOp U
HACTPOiKa CTPEJIKOBBIX HAKOHEYHHKOB M ONEPEHHs CHOCOOCTBYIOT Ooiee
CTaOWIILHOMY IIOJIETY CTPEJIBI.

VYyer armoc(epHBIX ycioBuil: Berep, BlaXHOCTP M Temieparypa
BIIMSIOT HAa TPACKTOPHIO MOJETa CTPEJbl, MOITOMY YUYeT ITHX (DaKTOPOB
SBJISACTCA BAXXHBIM [JI1 JOCTHUXXCHUSA TOYHOCTHU B CTpeﬂb6e.

Ctpensba U3 JTyka — 3TO CIOXKHOE UCKYCCTBO, KOTOpoe TpedyeT He
TOJIBKO (PU3NYECKOr0 MacTepPCTBa, HO M TIyOOKOTO MOHUMAaHUs (PU3NUECKUX
3aKOHOB, JIeKallUX B OCHOBE 3TOro mpoiecca. [loBbILIEHHE TOYHOCTH
CTpeNbOBl  BO3MOXKHO OJlarofapsi ONTUMH3AIMUA TEXHHKH CTPENLOBbI,
peryJIupoBKe 000pyIOBaHUA U YUeTy aTMOC(EpHBIX ycloBuid. [lanpHeime
MCCIICIOBAaHUS. B 3TOIl 0OONACTH MOTYT NpPUBECTH K HOBBIM METOJAM H
TEXHOJIOTHSIM, CIIOCOOCTBYIOIIMM YJIYUIICHUIO PE3yJbTaTOB B CTpENbOe M3
nyka [4].

HHTepec K 3TOMY HCKYCCTBY PACIPOCTPAHEH 0 BCEMY MUY, BKIIOYas
pa3nu4Hble KyJIbTypbl M Haponasl. Hampumep, Oamkupsl, Kak U MHOTHE
JpyTHe 3THUYECKHE TPYIIIbI, TAK)KE UMEJH CBOIO TPAIMIHUIO CTPEIbObI U3
JyKa, KOTOpas IiepelaBajlach M3 IOKOJIEHHsS B TNOKoJeHue. M3yuenue
HUCTOPUYECKUX METOJOB M TEXHUK CTPEIbOBI PAa3IMYHBIX KyIbTYpP MOXKET
MMPEAJIOKUTH ICHHBbIC YPOKH u MEPCIEKTHUBBL JJIsL COBPEMEHHBIX
MPaKTUKYIOLUX.

Jlutepatypa

1. I'peruep, X. PykoBoxnctBo mo crpensbe u3 syka. M3mgarenscTBo
"Komnacl'ua", 2018.

2. Anpepcon, C. Tounas crTpenpba: CEKpeTbl MacTepcTBa.
M3natensctBo "Crpenkosslit mup", 2016.

3. baym, T. CoBpeMeHHBIE METOIBI a3POJMHAMHMKH CTPEIKOBOTO
opyxus. U3narensctBo "Opysxeitasiii mup”, 2019.

4. Jluanceit, II. ®umsmka crpensOpl w3 Jyka. M3matenscTBO
"CnoptlIpecc", 2017.
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CHWJIbl U HATIPS’KEHU A

Annomayusn. MexaHUKa CIUIOLIHBIX CPEX SIBISETCS BaXXHOW 4YaCThbIO
¢u3nKN, W3ydalomel IOBEeIEHHEe MAaTepHajoB B DPA3IHYHBIX YCIOBHSIX
HaTpy30K u nedopmanuii. B 3T0if 001acTH KITFOUEBYIO POJIb UTPAOT MMOHATHUS
CWI W HaNpsOKEHUH, KOTOPBIE OIMCBHIBAIOT B3aUMOJEHCTBUE MEXKIY
JacTuiaMu Martepualia. B HaHHOfI CTaTb€ pacCMaATpUBAIOTCA OCHOBHBLIC
TIOHATHA MEXAaHUKU CIJIOMIHBIX CPC/l, B YaCTHOCTHU CWJIbI U HAIIPSXKECHUA, UX
B3aMMOCBA3b MW 3HAYCHHUC B M3YYCHUU TMOBCACHHA MATCpUAJIOB IMOI
BO3/I€IICTBMEM BHEIIHUX HArpy3o0K.

Kniouesvie cnosa: MexaHUKa CIUIOLIHBIX CPEJ], CHJIBI, HATIPSKEHUSL.

JIBIDKCHHE CIUIOIIHOW Cpefibl, Kak B aOCOJIOTHOM TBEPIOro Tela,
MIPOUCXOUT NOA AekicTBUEM cuil. Ho eciiu B TeopeTHuecKol MeXaHHKe, Kak
[IpaBUJIO, PACCMATPUBAIOTCS COCPEIOTOYEHHBIE CHJIBI, TO B MEXaHHUKE
CIUTOITHOW CpeAbl TIaBHBIM 00pa3soM HMEIT AENO0 C pPacIpeleiIeHHBIMU
cuiamu [4].

Ilo xapakrtepy neicTBHs, BHE 3aBUCUMOCTH OT KOHKPETHOM
(bu3MYEeCKOil NPHUPOABI, B MEXaHUKE CIUIOIIHBIX CPEIbl Pa3IM4yaloT JBa
KJIacca CHITI: MACCOBBIC U MMOBEPXHOCTHBIC [3].

MaccoBbsIMH CHJIaMH Ha3bIBAKOT CHIJIBI, BCJIIMYHHA KOTOPBIX
IIPONIOPLIMOHANIEHA MAcCCe CPeJibl, HA KOTOPYIO OHU JeHCTBYIOT. IIpumepamu
MAaCCOBBIX CHJI MOI'YT CIIY)KWUTb T'PABUTAIIMOHHBIE W JJICKTPOMArHUTHBIC
CHJIBI, CHUTBI MHepHuH [3].

[IoBEepXHOCTHBIMU CHUJIaMH Ha3bIBAIOT CHIBI, BEIMYMHA KOTOPBIX
MIPONOPLMOHATbHA IUIOIAAN MOBEPXHOCTH, HA KOTOPYIO OHM AEHUCTBYIOT.
IIpuMepaMu NOBEPXHOCTHBIX CHJI MOTYT CITY>KUTh CUJIbI JaBJICHUS M TPEHUS
[3].

B HenedopmMupoBaHHOM Teje MOJIEKYJbl HAXOISTCSd B COCTOSHHM
TEIUIOBOIO PAaBHOBECHUS, U BCE €ro 4YacTH HAXOIATCS B MEXaHHMUYECKOM
paBHoBecuu. [Ipu BbIZieIeHNN 00beMa B TEJIe PABHOICHCTBYIOIIAS BCEX CHII,
JIEACTBYIONIMX Ha 3TOT 00BEM CO CTOPOHBI IPYTHX YacTei, paBHa Hyro [1].

[Ipu neopmarm TeIa €ro MOJIEKYJIBI H3MEHSIOT CBOE PACIIOTIOKEHNE,
BBIBOJIA TE€JIO W3 paBHOBecHus. B pesynbrare BO3HUKAIOT BHYTPEHHHUE
HaIPSDKEHUS, CTPEMALIMECS] BEPHYTh TEJIO K PABHOBECHOMY COCTOSIHMIO. B
Here(hOPMUPOBAHHOM Telle BHYTPEHHHE HANpsDKEHUS OTCYTCTBYIOT. Ilo
Mepe YriyOJieHus] B M3YUY€HHE TeMbl, Ba)KHO TaK)K€ PAacCMOTPETh BIIMSIHUE
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HanpsDKeHUH Ha nedopmanuu marepuana. [1ox Bo3eiicTBHEM BHYTPEHHHUX
W BHCIIHUX CHJI MaTepHall MOXKET H3MEHATh CBOIO (OopMy, pasMepsl U
CTPYKTYpy. B 3TOM KOHTEKCTe, aHAJIU3 CBSI3U MEXKIY HANPSHKCHUSIMH U
JnepopManusIMH  SBISICTCS KIIFOYEBBIM Ui TIOHUMAHUS MEXaHHYECKOTO
noBeaeHus Matepuana [1].

Kpome Toro, BayKHO OOpaTHTh BHHMaHHE Ha TO, YTO HAIPSDKCHUS B
MaTepHuajie MOTyT OBITh HEOTHOPOJHBIMU M W3MEHATHCS B 3aBUCHMOCTH OT
ero (QOpMBI, CTPYKTYpPHl M YCIOBHH OKpYy)Karomew cpensl. I3ydenne
pacripenieieHusI HallpsDKEHUH B MaTepHaie MoMOTaeT ONTHMU3UPOBATh €ro
KOHCTPYKIHUIO X 00€CIICYNTh MaKCUMAaJIbHYIO IPOYHOCTH MIPH MUHUMAITbHBIX
3arparax [2].

Hakonen, cienyer yaenuth BHUMaHUE MPUMEHEHUIO TOHATUNA CHI U
HANPSDKCHUH B PAa3UYHBIX O0O0JACTAX HAYKH M TEXHHKH, TaKHUX Kak
CTPOUTENILCTBO, MAIIMHOCTPOCHHUE, aBHAllMA, a Takke B OMOMEXaHUKE WU
reosyioruu. [ToHMMaHe STUX KOHUEHIINH MO3BOJISIET HHXKEHEpaM U HayYHBIM
pabOTHHKaM pa3pabaThiBaTh HOBBIC MAaTEPUANIbI, TEXHOJOTHH M METOJbI
aHaiM3a, CIIOCOOCTBYSI MpOrpeccy B Pas3iMYHBIX OTPACISAX YeJIOBEUECKOil
nesrenpHoCTH [4].

CWibl ¥ HanpsDKEHUS UTPAIOT BXKHYIO POJh B MEXaHUKE CIUTOUTHBIX
cpen, ompenerss MOBEICHHE MAaTepHAllOB TOJ BO3ICHCTBHEM pPa3UIHBIX
BHEITHUX BO3/AeHCTBHHA. [yOoKOoe NMOHMMAaHWE CWJI W HANpPSHKCHUH B
MeXaHUKEe CIUTONTHBIX CPENl IBIETCS HEOOX0IUMBIM YCIIOBHEM ISl PA3BUTHUS
COBPEMEHHOHN TEXHHKH, a TaKKe JJIs PEIICHUS aKTyalbHBIX MHXEHEPHBIX
3a/1a4 B 00JIACTSIX YEIOBEYECKOH NesITeIbHOCTH.

Jlutepatypa

1. Bensxo H.A. MexaHnuka CILIONIHO#M cpeqpl. YueOHOe mocoodue /
H.A. bensxos, M.A. Kapaces, B.JI. Tpymxko; Cankr-IlerepOyprckuit
ropuslit yausepcuret. CI16, 2019. 114 c.

2. KapueBckuit M.M. MaTtemaTtndeckue MOJICITH MEXaHHKH CILTONTHOMN
cpenbl: YuebHoe mnocobue/M.M. Kapuesckuit, P.P. [Harupymmna —
Kazanb: Kaszanckuii rocynapctBeHHbll yHuBepcurer um. B.M. VibsHoBa
Jlenuna, 2007. — 212 c.

3.  «MexaHuKa CIUIOLIHBIX CPEI» — KOHCIEKT JICKIUH [ DIeKTPOHHBIN
pecypc]: https://spravochnick.ru/lektoriy/mehanika-sploshnyh-sred/, (mara
obpamenus: 15.04.2024).

4. Pedepar: pedepar HampsokeHHs W JedopManus B OPOAAX
[Dnexrponnsiii pecypc]: https:/files.student-it.ru/previewfile/152290, (nata
obpamenus: 15.04.2024).
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HNHXEHEPHAS 3AIIIUTA CTOYHbIX BO/,

AnHoTanusi. OOG0OCHOBBIBAeTCS 3a/1a4a IMPOESKTHOTO MCCIEOBAHUS I10
COBEPIIICHCTBOBAHUIO CHCTEMBI OOC3BPEKHMBAHUSA M OYHCTKHA MPOMBIBHBIX
BOJI FaIbBAHUYECKOTO TIPOU3BOICTBA.

KiroueBble c10Ba: raTbBaHAYECKOE IIPOU3BOACTBO, OUNCTKA CTOYHBIX
BO/I, AJIEKTPODIIOTALIHOHHBIA METO/I.

B pasnuuHbBIX OTpacisx HapOIHOTO XO3AWCTBA, B MEPBYIO OYepelb, B
MAIIAHOCTPOCHHUH, IMUPOKO MPHUMEHSICTCS  TEXHOJOTHsS  HAHCCCHUS
raJbBaHMYCCKUX TOKPHITHHA. ['anbBaHUYECKOEC IPOU3BOJICTBO SBISCTCS
OJIHUM M3 KPYIHBIX MOTPEOUTENICH IIBETHBIX META/UIOB U JOCTATOYHO
JIOPOTHX XMUMHUKATOB. [IpH XMMHUYECKUX MOKPBITUSAX M TOIATOTOBUTEIBHBIX
onepanuax MOTePH XUMHUKATOB C MPOMBIBHBIMU BOJAMH WHOTIA B JECATKH
pa3 TPEBBIMIAIOT UX pacxol Ha 00paboTKy MOBepxHOCTH. Pacxom BombI Ha
MPOMBIBKY IOCJIC€ TOATOTOBUTENBHEIX Omepamuii B 3-7 pa3 TpEBBIIIACT
pacxon BoABI Ha TPOMBIBKY IIOCIC TaJbBAaHMUYECKUX IOKPHITHH. Takum
00pa3oM, raTbBaHHICCKOE MTPOU3BOJICTBO SIBIICTCS] OJHUM W3 KPYIMHEHIITHX
moTpeOUTENCH BOIBI, @ €0 CTOYHBIC BOJBI — OJHUMH U3 CAMBIX TOKCUYHBIX
U BPEIHBIX.

CHIDKEHHIO KOJIMYECTBA CTOYHBIX BOJ MOJXKET CIOCOOCTBOBAThH
NPUMEHEHHEe HOBOW TEXHOJOTHH TMPOM3BOJACTBA. IJTO CBSI3aHO CO
3HAYUTEIbHBIMU MaTePHAIbHBIMU 3aTpaTtaMu. [103TOMY HCTIONB3YIOT APYTOH
MyTh — MOBBIIIeHNE 3()(HEKTUBHOCTH OUUCTKH CTOYHBIX BOJI.

OCHOBHBIM BHIIOM OTXOJOB B TaJIbBAHUYECKOM MPOH3BOJICTBE
SIBIIIIOTCS.  TIPOMBIBHBIE BOJBI  CMEIIAHHOTO COCTaBa, KOTOPBIE MOTYT
COJlepKaTh HECKOJIBKO BUIOB Pa3IMYHBIX TSKEIIBIX METAJUIOB.

OdncTKa TaKWX CTOKOB 3aTPYIHEHA, TaK KaK HE YAAeTCS BBIICIUTH
MeTaJsIbl W3 MUIaMa CJIOXKHOTO cocTaBa. J[s CHW)KEHHS KOJHYECTBa
TSOHKENBIX METAUIOB B CTOYHBIX BOJAX JO TPEACTbHO JOMYCTHMBIX
koHneHntparuii (IIJIK) HeoOXommuMo HCIIONB30BaTh 3aMKHYTYIO CHCTEMY
BOJIOCHA0XKEHUS C 3JIEKTPODIOTAIMOHHON OYUCTKOM, TO €CTh MPOMBIBHBIE
BOMIBI, IOJBEPTrIIMECS  OYKMCTKE OT NpUMeceld, BO3Bpallath B
TEXHOJIOTUIECKHH MPOIIECC, a U3BJICYCHHBIE PUMECH - Ha 3aXOPOHEHHUE HITH
nepepadoTKy.

TakuM 00pa3oM, OYHMCTKA CTOYHBIX BOJ SIBJIISIETCS OTHOW M3 CaMBIX
aKTyalbHBIX Ipobsiem. B 3amanHoit EBporne 0600pOT TOIBKO POMBIBHBIX BOJ
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rajJbBaHUYECKHX IPOM3BOACTB cocraBisier 97-98% ot oOmero uwucna
CTOKOB. B Hameil crpaHe ypoBeHb OYHCTKH CTOYHBIX BOJ M, B YaCTHOCTH,
pereHepanyu U3 HUX LBETHBIX METAJIOB, cocTaBisieT He Oonee 10%.

OCHOBHBIM KOMIIOHEHTOM CTOYHBIX BOJ I'aIbBAHMYECKUX POU3BOICTB
SBJISIIOTCSL TIPOMBIBHBIE  BOJBI, KOTOpPBIE B OONBIIMX KOJMYECTBAX
UCTIONB3YIOTCS B TPOW3BOJCTBE. [3 HOHOB TSKEIBIX METAIJIOB,
HaXOJSIIIMXCS B CTOYHBIX BOJAX, HANOOJIEE PacpOCTPAaHEHHBIMHU SBILTFOTCS
XpOM, HUKEIb U MEZb.

XpoMmconepKalue CTOKH 00pasyloTcs B pPe3yiabTaTe IPOMBIBKH
JeTayieil Imocie XPOMHPOBAHHMS, 3JIEKTPOXMMUYECKOTO IIOJHPOBAHHUA U
yaJICHHS] HEKa4eCTBEHHBIX TOKPBITHH.

OCHOBHBIE ~ BEIIECTBA,  MOJUIeXKAIMEe  OOE3BPEKHBAHUIO  —
IIECTUBAJICHTHBIE cOeAMHEHUsT XxpoMma, tuaHuasl (CN°), MOHBI TSDKENBIX U
BeTHBIX MeTaiutoB: Cu?+, Ni2+, Zn?+, Cd%+, Sn2+, Pb2+.

Coenunenus xpoma (lll), a ocobenno, xpoma (VI) TOKCHYHBI I
yejioBeKka M xKHUBOTHBIX. CMepTenbHas no3a KoCroO7 (muxpomar Kaimust) s
yenoBeka cocraBusieT 0,2-0,3 r1p. I[lodTOMy OYHCTKa CTOYHBIX BOJ
rajJbBaHMYECKOTO TIPOM3BOJCTBA OT OTXOJOB COCAMHEHUI Tpex- W
IECTHBAJICHTHOTO XpOMa SIBJISICTCS akTyasbHOH. Hanbonee nmepcnekTnBHBIM
U 3(QQPEKTUBHBIM METOJIOM OYHCTKM CTOYHBIX BOJA TaJbBaHHYECKOTO
MPOU3BOJICTBA SIBIAETCS IEKTpodIoTaoHHEIA. [IpenmymiecTBa 3TOTO
MeToJla — OTHOCHTEJNIbHAsl TPOCTOTa KOHCTPYKIWH YCTaHOBKH, BBICOKAs
HAaJIe)KHOCTD M BBICOKAsI CTEIICHb OUHCTKH.

['anpBaHMYECKOE MNPOMU3BOJCTBO SBISETCS OJHUM H3 KPYMHEHIIUX
NOTpeOuTeNeH BO/IBL, & ero CTOYHBIE BOJbI — OJJHUMH U3 CaMbIX TOKCHYHBIX
Y BpeIHBIX. B cBsA3M ¢ 3TUM, nIepe]] rajJbBaHMYEeCKUM ITPOU3BOACTBOM BCTAET
psn BaxHBIX MpoOsieM. CHIDKEHHIO KOJMYECTBA CTOYHBIX BOJ MOXKET
CHocoOCTBOBaTh NPHMEHEHHE HOBOW TEXHOJOTHMHM IPOM3BOJICTBA. ITO
NOTpeOyeT 3HAUYNTEIBHBIX MAaTEPHANIBHBIX 3aTPaT, YTO HEPEAITHLHO Ha JaHHOM
YPOBHE Pa3BUTHUS 3KOHOMHKH CTpaHbl. B pesynbrare ocraercs Apyroit myTs
COXpaHEHHMs] OKPYKaIOIIeH cpeibl — MOBbIIIeHNE 3(PHEKTUBHOCTH OYUCTKH
CTOYHBIX BOJI.

JlutepaTtypa
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PEAJIM3ALIMS MEXITPEAMETHBIX CBA3EN T'EOT PA®UN
N THO®OPMATUKHA

B mame BpeMs Bce 4dame MBI HaudHAeM 3aqyMBEIBATBCA O
HEOOXOIUMOCTH HUCTIOIB30BaHMUs 00JIee TEXHOJIOTUIHBIX CUCTEM, TaK KaK U3-
3a yBenmuueHHss oOBeMa WH(POPMALMU COKpPAIIAOTCA y4YeOHBIE Yachl,
BBIJICJICHHBIC nporpaMMoﬁ Ha U3YUYCHUEC OTACIbHBIX INKOJbHBIX MPEAMETOB.
HOE)TOMy neaarory Hy>XHO MOTUBHUPOBATH yHallIUXCA K CAMOCTOATCIIbBHOMY
MIOUCKY M aHAIHU3Y WH(POPMAIIHH.

Jdus 3TOro  MOXHO  HCHONBb30BaTh  WH(QOPMAIMOHHBIE |
KOMMYHUKAIIMOHHBIE TEXHOJIOTHUH, TMO3BOJIAIOMINE TIOBBICUTH Kad€CTBO
00pa3zoBaHys, peaM30BaTh HA NMPAKTUKE PEajibHYI0 WHTErPalUi0 YYeOHBIX
MIPEIMETOB U YK€ TaBHO BCEM XOPOIIO U3BECTHYIO UICI0 MEXKIIPEIMETHBIX
CBsI3€eil.

W3ydyeHne mkompHOH Treorpaduu HAmpaBlICHO Ha  OBJAICHUE
YYAIIAMUCS YMEHUS HCTIOIB30BaTh reorpapuIecKyro Kapry,
CTaTHCTHYECKUE  MaTepHalbl, COBPEMCHHBIE  TI'COMH()OPMAIUOHHBIE
TEXHOJIOTUU JJId TOHCKa, HWHTEPIPETAllUU W AEMOHCTpaluX Pa3INYHBIX
reorpaMuecKux JaHHBIX. B (hopMHUpoBaHUM STHX YMEHUH OUYeHb NOMOTaeT
Jpyras IIKOJbHAs IUCUMIUIMHA — WH(OpMaTHKa. DTO Hayka O MeTojax
00pabotku uHpopMmarmu. OHa 6a3uPyeTCs Ha UCTIOIB30BAHHH COBPEMEHHON
BBIYMCIIMTEILHON TEXHHUKU — KOMIIBIOTEPOB, JIa€T 3HAaHUA O 3aKOHax,
METO/IaX U CMoco0ax opraHu3aiui HHPOPMAIIMOHHBIX IIPOIIECCOB B IPUPOJIE
u oOuIecTBe.

Peanm3anust MEeXNpeIMETHBIX CBs3ed WH(pOpMATHKH W Teorpaduu
MIPOSIBIISIETCSL B MCIIOJIb30BAHUM OOIIMX METO/M0B OOYYEHUs: CIIOBECHBIX,
HATJISTHBIX, IPAKTHICCKUX.

Kapts! sBisitoTest a3 pekTHBHEIM cpencTBoM 00ydeHus reorpaduu, Ho,
KOTJIa KapThl COYCTAKOTCS C TEXHOJIOTUSIMH, OHH MOTYT CTaTh BU3yallbHO
0ojiee MOIIHBIME Onarogaps reorpadudeckoil ”HGOPMAITMOHHON CHUCTEME
(TUC).

TYIC — 3TO KOMIBIOTEpPHBIE TEXHOJOTHH, KOTOPBIE MPUMEHSIOT AJIS
CO3aHUs KapT M OUEHKU (PaKTHUECKH CYIIECTBYIOUINX OOBEKTOB, a TaKKe
npouciiecTBuil. Takue CHUCTEMBI COOUpAIOT, XpaHAT W aHAJU3UPYIOT
HH(OPMAIIHIO, & TAKKE 00ECTIEUNBAIOT €€ TPaPUIESCKYI0 HHTEPIPETAIIHIO.
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[Mpumenenne 'MC TexHONOrMii nmpu M3y4eHWH reorpaduu B IIKOJIE
TMI03BOJIT Pa3BUBATh YYaIINXCsl CICIYIOIINE HABBIKH:

1. oOpa3Hoe U MPOCTPAHCTBEHHOE MBIIILICHHE;

2. cIocOOHOCTh K CaMOPa3BUTHIO 3a CUET jKeNaHHWs u3yueHus Oojee
CJIO’KHBIX aCIIEKTOB;

3. cmocoOHOCTh dYepe3 3pHUTENBHOE BOCHPHATHE YCBaWBAaTh OoJjiee
OoJpIIee KOIMIeCTBO HHPOPMAIINH;

4. mpaBWIbHOE YTEHHUE TeOTPAPHUSCKUX KapT B TOM YHUCIIE TUPPOBBHIX,
yYMEHHE TIOMCKa TeorpapuIecKuX eIUHNI;

5. yMeHHe OCYIIECTBIATH pacdeThl U U3MEPEHUS 110 IH(PPOBBIM KapTam;

6. YMEHHE COCTABIATH reorpaduueckre KapThl JIMIHO.

[loBankHOe yBieueHHEe OOyYalOUIMMCSI TapPKETaMd M I[POYUMHU
IU(POBBIME  TEXHOJIOTHSIMU  TO3BOJISIET MpEAIoarath, 4YTO M3ydYeHHE
reorpaduu B mkonax ¢ nomoupio ['MIC-texHonoruii 6yaer crnoco0cTBOBATH
6oree MPOCTOMY YCBOEHHIO MaTe€pHaly y IIKOJBHUKOB, MO3BOJUT peIlaTh
pa3nuYHbIe 33Ja4H, 1aBaTh OLIEHKY M3y4YaeMbIM IpoleccaM M OTCIEKHUBATh
JMHAMHKY WX U3MECHEHHH Ha pa3InuHbIX TEPPUTOPHSIX.

B kauecTBe npHMepOB reoMH(OPMALMOHHBIX CHCTEM MOKHO HA3BaTh
crenyromiue cuctembl: nuneiika MosMap-GIS, Spatial Manager, ActiveMap
GS, GIS 6 Web Edition, GisMapServer, GM Tool Kit.

I'MC B wmwKoJIbHOW HpOrpaMMe — 3TO MHCTPYMEHT, MO3BOJISIOLIUI
YBEIMYMBATh BOCIIPUMMYHMBOCTD YYaIINXCS K MPEIo1aBaeMOMy MaTepHaiy
3a c4eT MHHOBAIIMOHHBIX BO3MOXKHOCTEH B OpPTaHU3AIMM IMEIarorm4ecKoro
IpoIiecca 1Mojia4y MaTepuajia U pa3BUTHS HaBBIKA B ITOJIb30BAHUH IIH(PPOBOI
HHQOPMALUH.

Jlutepatypa

1. NuxoB  A.H., YepemanoBa E.C., [Ilesuxko C.B.
I'eonHpOpMAIMOHHBIE CHCTEMBI: METOJbl MPOCTPAHCTBEHHOTO aHaJM3a:
yued. mocodue / A.H. Illuxos, E.C. Uepenanosa, C.B. IIpsukos. ITepm. roc.
Hall. uccien. yu-T. — [lepmb, 2017. — 88 c.: ui.

2. QGIS Csobonnast reorpaduueckas MHGOPMAIMOHHAs CHCTEMA C
OTKPBITBIM ~ KOAOM [OnekTpoHHBIH pecypc]. — Pexum pocryna:
https://qgis.org — 07.04.2024

3. 'apypoB A.M., Yemanos b.M. OcHoBsl pabots! B QGIS. Yacts 1./
AM. I'apypos, .M. Ycmanos — Kazans: Kazan. yu-1, 2022. — 30 c.
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TEPMOJANHAMMWYECKHE NOTEHIHAJIbI

Annomayus: B TAHHOM pabote TIPOBOTUTCS 0030p
TEepMOIMHAMUYECKUX MTOTCHIHANIOB, KITIOYEBBIX BEIMYMH B TEPMOANHAMHUKE,
KOTOpbIE TO3BOJISIIOT ~ KOJMYECTBEHHO OXapaKTepH30BaTh COCTOSHHE
TEePMOJMHAMUYECKOH CHCTEMBL. JIaHBI ONpeneieHus TePMOIUHAMUYECKHX
MOTEHIIMANIOB, TAKUX KaK BHYTPCHHSS OHEPIHS, OSHTANBIHS, JHEPTHS
I'enpmrombiia v moteHIan ' no66ca. OMUCHIBAIOTCS X (BU3UUCCKUN CMBICI,
B3aUMOCBSI3b U METO/IbI pacyeTa.

Kniouegvie cnosa: TepMoinHaMuKa, TEPMOAMHAMUYECKUE TOTEHIINAITBI,
OCHOBHOE YPaBHEHHUE TEPMOANHAMUKH.

TepmoanHamMuKa SIBISIETCS OJHOM M3 BayKHEHIIMX obiacteid (Qu3mKy,
KOTOpasi M3y4aeT CBOMCTBA M IOBEJCHHUE CHCTEM B YCIOBHAX H3MCHEHHS
TeMIepaTypsl, AaBIeHUs U 00bEMa [1]. OTHUM U3 KITIOYEBBIX HHCTPYMEHTOB
aHAIIM3a B TEPMOAMWHAMHKE SBISIOTCS TEPMOAWHAMHYECKHE MOTCHIHAIBI.
OTH BENMYHMHBl WIPAIOT BAXHYIO pOJb B  OINUCAHHM  COCTOSHHUS
TEepPMOJMHAMUYECKAX CHCTEM U B NPEACKA3aHUM MX MOBEICHUs. B maHHOM
CTaThe MBI PACCMOTPHM OCHOBHBIC TMOHATHS TEPMOJUHAMUYECKUX
MOTEHIINAIOB U UX TIpUMeHeHue [2].

MeroJ, TepMOJMHAMHYECKUMX MOTCHIMAJIOB OCHOBBIBACTCS  Ha
BO3MOYHOCTH BBE/ICHUSI JIJIsl PABHOBECHBIX IPOIIECCOB (PDYHKIHNA COCTOSIHUS,
nonHble  AubQepeHnnaTbl KOTOPBIX OMHCHIBAIOT HW3MEHCHHE COCTOSHHS
TepMOTUHAMHYECKOU cucTeMbr [3].

OCHOBHOE ypaBHEHHE TePMOIMHAMUKH PABHOBECHBIX MPOLIECCOB

TdS =dU + PdV
COBMECTHO C YPaBHEHHEM COCTOSHHS

P=P(V,T)
M BBIP@YKECHHUEM JUUIS BHYTPEHHEH SHEPTHH

Uu=U(wy,T)
00pasyIoT CHCTEMY U3 TPeX ypaBHEHHM, CBA3BIBAIOLIYIO MEKIY COOOM ISITh
¢byukumii cocrosaus: V,T,P,U u S. B 3aBHCHMOCTH OT TOro, Kakue
[apaMeTpel COCTOSIHHS TEPMOIMHAMUYECKOM CHCTEMBl IPHHATHL Kak
HE3aBUCUMBIE HepeMeHHEIe, MOYKHO BBECTH CIIeyIOIIIe
TEpMOIMHAMUYECKUE OTSHIINATIBL.

1) Bayrpennss sueprus U (S,V)
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2) Buraneius H(S,P) =U + PV,

3) Dueprus lensmromsna F(T,V) =U -TS,

4) Dueprust ['n66ca G(T,P)=H -TS =F + PV [1].

OCHOBHOE YpaBHEHUE TEPMOIMHAMUKN MOKHO 3aMUCATh B YETHIPEX
SKBUBAJICHTHBIX (OpMax:

1)dU =TdS - PdV,

2) dH =TdS +VdP,

3)dF =—-PdV —SdT,

4) dG =VvdP —SdT.

DTH ypaBHEHUs 3aMUCAHBI B YIPOIIIEHHOM BHJIE - TOJBKO JJIsI 3aKPBITHIX
CHCTEM, B KOTOPBIX COBEPINAETCS TOIBKO MexaHndeckas padora [2].

[pu WCTIOMB30BAHUK JTFO0OTO U3 YETHIPEX TTOTEHIIHAIOB Kak (DyHKIMA
HE3aBHCHMBIX ~ TEPEMEHHBIX ~ BO3MOXKHO  HAWTHM  BCE  OCTAIBHBIE
TEPMOIMHAMHYECKHE (QYHKIAM ¥ MapaMeTpsl CHCTEMBI C TOMOIIBIO
OCHOBHOTO YpaBHEHHs TEPMOIWHAMHKH. EIle OJHMM BaKHBIM acleKTOM
TEPMOIMHAMHYECKAX  TOTEHIHAJIOB  SBISETCA  MX  CIIOCOOHOCTD
NpeICKa3bIBaTh HAMMPABIEHHE TEPMOJIUHAMHYECKHX MTPOIIECCOB.

Jlutepatypa

1. I'marones, K. B. ®usznyeckasi TepMOIMHAMHKA: yueOHOE TIOocoOue /
K. B. I'marones, A. H. Mopo3zoB; nox penakuueit JI. K. Maptuncona, A. H.
Mopo3zoBa. — Mocksa: MI'TY um. baymana, 2003. — 272 c.

2. OcHoBsI pusndeckoit xumuu. B 2 9 : yueOnuk / B. B. Epemun, C. U.
Kapros, 1. A. Ycnenckas [u ap.]. — 5-e u3n., mepepab. u gon. — Mocksa:
Jlabopatopus 3HaHwmiA, 2019. — 625 c.

3. [ToTamos, B. f. TepmoauHamMuka U ra3oAnHAMUKA: yaeOHUK / B. f.
[Noranos, B. H. Makapos, H. B. MakapoB. — Bonorna: Uadpa-Umxenepus,
2022. —272c.
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MO/IEJIb UIEAJILHOM KUJIKOCTH

I/Iz(eam,Has{ KHUIKOCTb — 3TO a6CTpaKTHaH MOJCJIb KUAKOCTU, KOTOpas
HCIHOJIb3YCTCS B (bI/I3I/IKC AJid YIPOILICHUs U 00BICHEHUS Ppa3INIHbIX
(I)I/I3I/I‘ICCKI/IX IMpouEeCcCoB. Xota B PCaJIbHOCTU TaKasd JKUIAKOCTb HC
CyILIECTBYET, MOACIIb I/IlleaHLHOﬁ KUIAKOCTHU HAa€T BO3MOXKXHOCTH IPOBECTU
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TEOpETHYECKHE MCCIIEA0BAHUS U OIHMCATh MOBEACHHE PEANbHBIX KHIKOCTEH
B OIIPE/ICIICHHBIX YCIOBHUSIX.

WneanbHas )KUIKOCTH 00JIIa€T PSZIOM YHHKAJIBHBIX CBOMCTB, KOTOPBIE
JIeTal0T ee 0COOCHHO yNOOHOM Uil MaTeMaTHYecKoro uccienoBaHus. Bo-
TIEPBBIX, OHA SBJISIETCSI HEC)KUMAEMOH, TO €CTh €€ INIOTHOCTh ITOCTOSTHHA U HE
3aBUCHT OT JIaBJICHHSA. BO-BTOPBIX, OHa HE MMEET BSI3KOCTH, YTO O3HAYAET
OTCYTCTBHE CHJI TPEHHS MEXTy MOJEKylIaMH KHIKOCTH. Takue cBoiicTBa
MO3BOJIIIOT YNPOCTHUTh YPaBHEHUs, ONMCHIBAIOLINE ABWXEHHE HACAIHLHOMN
XKHUIKOCTH, U CIIENATh UX PEIICHUE O0Iee TErKHM.

Monenp naeansHON KHUIKOCTH UCIIONB3YETCS B Pa3IMUHBIX 00JIacTsaX
¢GU3MKK, BKIIOYAS THAPONMHAMHKY, THIAPABIMKY, a’3pOAMHAMHUKY |
Meteoposioruro. OHa MOMOraeT HCCleI0BaTh TEYEHUE KUAKOCTH B TpyOax,
peKax U okeaHax, a Takxke B armocdepe. brnaronaps uneanbHoOH KUAKOCTH
YUYCHBIC MOTYT MNPOrHO3UPOBATH IMOBCACHUE KUAKUX CPEO, a TaKKe
co3/aBaTh MOJEIAM WX B3aUMOJCHCTBHS C JPYTUMH (QU3NYECKUMU
o0BbeKTaMu.

OJIHaKO CTOUT IIOMHHUTB, UYTO MOJACJIb HﬂeaﬂbHOﬁ KUIKOCTHU ABIIACTCA
BCETO JIMIIH YIPOIIEHHBIM ITPEACTABICHUEM PEATbHBIX KHIKOCTEH, KOTOPHIE
001a1al0T  BA3KOCTBIO, J€(OPMUPYEMOCTHIO W JIPYTUMH CBOMCTBaMH.
IMosToMy mepexn  mpUMEHEHHEM  pE3yJIbTaTOB  HMCCIEAOBAHMH  C
WCTIONIb30BAaHMEM MOJIENN HJICATbHOW KHUJIKOCTH HEOOXOAWMO YUYHTHIBATH
BO3MOXXHBIE ~ OTKJIOHEHHMS OT pEaJbHBIX YCIOBUH M  IIPOBOAUTH
JOTIOJTHUTCIIBHBIC  OKCIICPUMEHTHI 11 MOATBEPXKIACHUA  MOJYYCHHBIX
pE3yIbTaTOB.

Mogenb uieanbHo KUAKOCTH OnpeienseTcs GopMyIaMu:

3akoH BepHy/IHn sBIISETCS CIEACTBUEM 3aKOHA COXPAHEHUSI DHEPTHU

JUIA CTallMOHAPHOI'O IMOTOKa HIcaabHON HECKUMAEMOM JKUIKOCTH
2

%+pgh+ p = const

P - IIOTHOCTD XXUJIKOCTH, U — CKOPOCTb ITIOTOKA, h— BBICOTA, P — AABJICHUE, J
— yCcKOpeHue cBo0oHOTO TiagaeHus. [puc.1]
Am

Puc.1. YpaBuenue bepnymm
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YpaBuenus Jiijepa. YpaBHEHUS] MOJIEIH, OMMCHIBAIOLIEH IBUXKEHUE
00IIIero BHa UACATBHOMN KHUIKOCTH, MOXKHO MOJNYyYUTh, OTOPOCHB WICHEHI,
Mojenupytomue Bs3kocts (I1'ij = () u TeronpoBogHocteio (=0) B
3aKOHAaX COXPAHEHUsS; TIOJYyYUM CHCTEMY 3aKOHOB COXpaHEHUS B
JUBEPTCHTHON (popme:

op .
—+d =0,
p +div(pv)

_5'2? +Div(puu, +5,p) = pg,i=123,

ap—E+div pv E+ P =p(v-Q)
ot p

Takum 00pa3om, MOJIEINIb HICATLHOMN KUAKOCTH UTPAET BAKHYIO POJIb B
(bu3MKe W Hayke B IIEJIOM, TO3BOJISAA HCCJCIOBATENSAM JIydllle TOHSITh U
OMUCaTh pa3IUYHbIC (U3MYCCKHE TIPOILIECCHI, CBA3aHHBIC C TCUYCHUEM
KUAKOCTH. B Oynymem »Ta Monenmb, BEpOSTHO, OyOeT MpOJOIDKAThH
pa3BUBATHCS U HCIIOIB30BATHCS IS PEIICHHUS PA3IMIHBIX HAYIHBIX 3a/1a4.

JlutepaTtypa

1. Bonmapuyk, A. A. TedeHUs XHUAKOCTEH W Ta3oB: TEOPETHUCCKUE
OCHOBBI M SKCIIEpUMEHT: ydeOHoe mocobue: / A. A. bornmapuyk; FOxHbBIH
tdbenepanbHblli  yHUBepcUTEeT. — PoctoB-Ha-/lony; Taranpor: HOxHbIi
(enepanpHBIit yHUBEpcHUTET, 2021. — 132 c.

2. Kymnosbix, I'. B. OcHOBBI ruipoMexaHuku: ydeOHoe mocobue /
I'. B. KynoBeix; MuHHCTEPCTBO HAayKH ¥ BBICIIETO  0Opa30OBaHUS
Poccuiickori ~ ®enepanuu, FOxHbl  denepa’bHbli  YHUBEPCHUTET,
WNuxeHepHO-TeXHOIOrMUecKast akajgemus. — Pocros-Ha-JloHy; Taranpor:
IOxHsB1 Qenepanbublii yHUBEpcuTeT, 2018. — 144 c.
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I'PABUTOH. TAMHCTBEHHAS YACTHULHA. HOCUTEJIb
I'PABUTAIIUA

3&1"3[[1(3 IpaBUTallUM, CUJIbI, KOTOPpAad ACPKUT MUP BMECTC, U 10 CUX I1OP

ocTaércs OOHMM M3 CaMbIX 3araloYHbIX AacleKTOB Halllel BCEJICHHOM,
MIPOI0JDKAET BOJTHOBATh YMBI yUeHBIX U (rtocodoB. B mienTpe 31oii 3aramkn
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JISKUT  TPaBUTOH -  THUINOTETHYECKas  JJIEeMEHTapHas  4acTulia,
NPEAoNI0KUTEIBHO  Hecylllas  cuiay  rpaBuTanuu.  Mcropudecku
NIPEJCTAaBICHHBIH B paMKaX TEOPHM KBAHTOBOM TIpaBUTAILlUH, TI'PaBUTOH
BBI3BIBAET MHTEpEC UCCleA0oBaTeNeil cBoel MOTEeHIHANbHOM CIIOCOOHOCTBIO
00BEIMHUTH KBAaHTOBYIO MEXaHHMKY C OOIIeH Teopuel OTHOCHTENBHOCTH,
co3/1aBasi TAKUM 00pa3oM MOIHYIO M HEIPOTHBOPEUUBYIO TEOPHIO BCETO.

B nmaHHOM cTaTbe MBI PacCMOTPHUM CYTh KOHLENIUH T'PABUTOHA, €rO
polbp B COBPEMEHHOW (m3mke, a TakkKe TEKyIIHE OSKCIIEPUMEHTH U
TEOPETHYECKHE PAa3MBIIUICHUS, HANpaBICHHBIE HA €ro TIOHCK N
noATBepxkaeHUe. Pasbepemcs, Kakue NMpoOJIeMbl CTaBIT Tepel] yYCHBIMHU
CYLIECTBOBAaHME 3TOM YacTUIIBl, W KaKHE IEPCHEKTUBBI OTKPHIBAIOTCS B
ciyyae e€ OOHapy)KeHHs. ['OTOBBI JIM MBI PacKpBITh IOCJIEIHIOW TailHy
TpaBUTAlMd M TIPOJIUTH CBET Ha caMble INIyOOKHE 3aKOYJIKHM HaIen
BceneHHON? JlaBaliTe HauHEeM 3TO YBJIEKATENBHOE IIyTEIIECTBHE B MHP
I'paBUTOHA.

I'paBuToH - 93TO TrHUMNOTeTHYecKas DJJIEMEHTapHas  YacTHIa,
npearnoaraemMast ObITh KBAHTOM I'PaBUTAIIMOHHOTO T10JIs1, T0100HO TOMY, KaK
(OTOH ABIAETCS KBAaHTOM 3JEKTPOMArHUTHOTO IONSA. JTa KOHIEIH
BO3HMKAET M3 MONBITOK OOBEIMHNATH TPABUTAIMIO C KBAHTOBOW MEXaHUKOH,
YTO SIBJISIETCS] OAHOW M3 BENMYANIINX 3a7ad COBPEMEHHOH TEOpeTHYeCKON
¢bu3nKy.

B KkOHTeKcTe CTaHZAPTHOW MOJENM JIEMEHTApHBIX YacTHI, KOTOpas
OINUCHIBAET TPH M3 YeThIpeX (pyHIaMEHTaNbHBIX CHJI NPUPOJBI (CHIIbHAS,
cnabast M DJIEKTPOMAarHWTHas), TPAaBUTOH HE BNHCHIBaeTcs. |paButanus,
omnuchIBaeMasi 0011el Teoprueit OTHOCUTEIBHOCTH DHHIITEHHA, OCTaeTCs BHE
3TOU MOJEIH.

Tem He MeHee, B yCWIHAX 1O CO3aHUIO OOBEIMHEHHONH TEOpUH BCEX
(yHIaMEHTAIFHBIX B3aUMOICHCTBHUI, BKIIFOYAs TPABUTAINIO, (DU3UKH HUIIYT
CHOCOObI BKJIIOYMTH I'PAaBUTOH B TEOPETHUYECKUH KapKac, KOTOPBI MOXET
ONHCaTh BCE B3aUMOJIEHCTBUS B IPUPOJIE.

OnHUM U3 OCHOBHBIX IPEATOJIOKEHUH O TPaBUTOHE SIBISIETCS €r0 CBA3b
C KBAaHTOBBIM IOJIEM PABUTALMU, KOTOPOE, B CBOIKO OUYEpPEb, BO3AECHCTBYET
Ha IPOCTPAHCTBO-BpEMS U OMNpEIENsieT €ro TIeOMETpHI0. [ 'paBUTOH,
CUMTaeTCs, JOJDKEH OBITh MaccoBbIM 0O30HOM, Kak M (POTOH, C HYJEBOMH
MacCo, SABJISIOMICHCS KITIOUEBBIM aCIIEKTOM €TI0 TTIOBEACHMS.

OpmHako 10 cHUX TOp TPaBUTOH Tak MW He OB OOHApYyXeH
9KCHEPUMEHTANBHO. OJTO  CBSI3aHO C  OTPOMHBIMH  CJIOKHOCTSIMU
HCCIIEJOBaHMS TPABUTALMOHHBIX BOJIH, O KOTOPBIX ODHHINTEHH TrOBOPHI B
cBoei o0mIel Teopur OTHOCHTENBHOCTH. B 2015 romy Hay4aHOEe cOOOIIECTBO
OBIJI0O  TIOTPSICEHO  OOBSIBJIGHHWEM 00  yCHEIHOM  HaOJIIOJCHUH
rpaBuTaunoHHbIX  BoiH JIMT'O, 4ro  sBUIOCHE  TOIOTBEPKICHUEM
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npeAckasaHui  OHWHmTEeMHAa W OpUONM3MIO Hac K  BO3MOXHOCTHU
SKCHEPUMEHTANIBHOTO NMOATBEPKACHUS CYILlEeCTBOBAHUS IPAaBUTOHA.

I'paBuTOH, ecin OyeT 0OHApYIKEH, IIPOJIOKUT MY Th K HOBBIM ITyOMHAM
NOHMMaHMs (yHAaMEHTAJIBHBIX B3aUMOJACHCTBUI MPUPOABI H, BO3MOXKHO, K
pa3paboTke TEOpUH BCero, 00bEUHSIONIEH Bce QyHIaMEeHTa bHbIE CHUIIBI B
OJIHY TApMOHHYHYIO CTPYKTYPY

JIutepartypa

1) Mocremanenko B., 1.¢.-m.1. Dddexr Kasumupa / Hayka u Ku3Hb.
—1989. — Ne 12.

2) [Maynu B. PensaTHBHUCTCKAs TEOPHS IEMEHTAPHBIX YaCTHIl. — M.:
W1, 1947

3) bypynaykos A. C. B3aumoaelicTBrue rpaBUTOHOB BHICOKUX
sHepruii ¢ pepmuonamu. — BnaguBocrok, 1993

Jamknna M.J., Bpounuxosa J.I1.
Bb® YVYHuT, r. bupck, Pb
bponnukosa 3.11., k.neo.u., doyenm
dashkinaMdashkina@yandex.ru

AKTHUBM3AIIUSA CAMOCTOSTEJILHOM NEATEJABHOCTH
OBYYAIKOIIIHUXCA IO OBJAJEHUIO HOBBIMUA
MATEMATHYECKUMU 3HAHUAMHA

B coBpemMeHHOM MHUpe pa3BUTHE MaTEMAaTHICCKOH TPaMOTHOCTH UT'PaeT
KIIFOYEBYIO POJIb B ()OPMHUPOBAHUN KOMIIETEHTHOCTH JIMYHOCTH. B cBs3H ¢
9THUM, TMCPE] y‘ICGHI:-IMI/I 3aBCACHUsIMHU CTaBHUTCA 3aJadya IIOATIOTOBKHU
rpaxnannHa Poccuiickoit  ®Dexpeparyuu, CIOCOOHOTO CaMOCTOSITEIHLHO
Pa3yMHO MBICJIINTh, IPUHUMATH B3BCHICHHBLIC PCHICHUA. Pemenune sTon
3a/1a41 TECHO CBS3aHO C OOYYCHUEM B IIKOJIE.

ITo onpenenenuto mpodeccopa, JOKTOpa regarorndeckux Hayk bopuca
ITerporuua Ecumosa: “camocrosiTenbHas paboTa ydamuxcs - Takas padora,
KOTOpast BBITOJIHSIETCS 0€3 HETOCPEICTBEHHOTO YJacTHsl IIelarora, Ho Mo ero
3aJJaHUI0 B CIELUAIbHO NPENOCTaBI€HHOE AN 3Toro Bpems. Ilpu stom
y4Jaluecs: CO3HATEIbHO CTPEMATCS AOCTUTHYTh MOCTaBJICHHOW B 3aaHUU
LENH, TMPOSBIISS YCHIIHSA M BBIpaXKas B TOW WIIM WHOW (opMe Pe3yibTaThl
CBOMX YMCTBEHHBIX WX (pusnueckux nercteumii” [1].

Jl1s coBpeMEHHOTO TIOKOJICHHS], MaTeMaTHKa CTAHOBUTCSI HHTEPECHa B
TOM cCIlydae, KOT/ia B HEil ecTb TBOPYECTBO, a 3aKOHBI SCHBI M JIETKH B
WCToNb30BaHuu. [[st Toro, YTOOBl pPa3BUTh YCTOWYHMBBIA HWHTEpPEC Y
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MIOJIPOCTKOB K HayKe, YUUTENI0 BO BPeMs 3aHATHH HEOOXOAUMO MPUBOIHUTH
SIPKHE ¥ 3alIOMHHAIOIINECS TIPUMEPBI U3 )KU3HH.

Hauatb MOXHO ¢ OBITOBBIX 3a/1a4: OCUUTATh Cayy B MarasuHe WM
Ha3BaTh TeOMETPUYECKHE (Uryphl, Ha KOTOPHIE IOXOXKH HpPEAMETHl W3
TIOBCETHEBHOW JKM3HM (CTakaH-LWIMHIP). [Ipu pacckase o IpOMopIMsX-
BCIIOMHHTH PELENTHI OO/ HANpUMEP, B KAKOM COOTHOLICHHUH Pa3BOISAT
cyxoe MOJOKO C¢ Bojoi. Ilpm 3HaAKOMCTBE ¢ OTPUIATENBHBIMH YHCIAMHU
BCIIOMHHTb, TJI€ OHM IPUMEHSIOTCSI M CAEIATh BHIBOABI: OTPHLATEIBHBIM
MOJeT OBITh OanaHc TenedoHa, Temriepatypa Ha yiune. s neMoHcTpanun
HarJOHOW CBSA3M MATEMATHKH, OWOJNOTMH W apXHTEKTyphl MOJXKHO
pacckasaTb, NPH HM3YYEHWH TEOMETPHH, O 30JI0TOM cedeHHH. IIpaBumio
30JI0TOTO CEYEeHHUs NPOoABIAeTCs, HaunHas oT cTpykTypsl JJHK u 3akanunBas
TBOPCHUAMHN APEBHUX APXUTCKTOPOB, XYAOKHHUKOB W KOMIIO3UTOPOB WJIN
COBPEMEHHBIX MOJIENIbEPOB U (oTorpados.

Pa3BUTHIO TBOPYECKHX CIIOCOOHOCTEH 0O0YydaroIuXcs, BO30YKICHUIO
HHTEpeca K OOYUYCHHIO TaKKe CIIOCOOCTBYET CHCTEMa PabOThI, IPH KOTOPOi
JIOKa3aTeNbCTBY psiga (DaKTOB MPE/IIECTBYIOT HaONIOACHUs, HAa OCHOBE
KOTOPBIX IIKONBHUKH BBIBOAAT OOIIME 3aKOHOMEPHOCTH, BBICKAa3bIBAIOT
runore3bl. Hampumep: HauepTUTh pa3BepPTKy NPaBHIBHOW TPEyroJbHON
MUpaMU/Ibl, IJIOLIalb OCHOBAHUS KOTOPOM S5cm?, a o0beM 10cM®.

AXTHBM3anMs MHTEpeca K NpEAMETy, a BCIEJICTBHE W YBEIWYEHHE
MOTHBALMK  OOYYaIOIIMXCSl OBJAAETh OOJNBIIMMH MaTeMaTHUYECKHUMHU
SHAHUAMHU CaAMOCTOATCIIBHO, MOMOI'YT PAaCCKa3bl O BCJIMKHUX MaTEMaTUKax.
MoHo paccka3aTh npo [Indaropa, Anana Treropurra, JIsrouca Kapposia,
Jleonapmaa Diinepa, ['puropus [lepenpbmana 1 MHOTHX JIPYTHX.

B coBpeMeHHbIX peanusix, MOJIOJIOE MOKOJIEHHE BCE OOJIbIlie BPEMEHU
MPOBOJUT B TajpkeTax. J{s Toro, 4ToObl clienaTh 3TO BPEMSIIPOBOKIACHHE
e MW TIIOJIC3HBIM, MOXHO TMPCATOKHUTH O6y‘la}OHH/IMC${ IIpOYNUTATh
yBIIEKaTeJIbHbBIE MaTeMaTHYeCKUe KHUTH MM IOCMOTPETh (DHIIBMBI,
CBSI3aHHBIE C MAaTEMaTHKOH.

OOyyaromuMcsi MOXHO O3HAKOMHTBCS CO CIEAYIOIIMMH KHUTaMH:
Bnagumup Jlemun “HoBble paccka3bl paccesHHOro Maructpa”, SkoB
[epensman “3anumarensHast apudmernka”’, Man Crioapr “HctnHa n
Kpacota. Bcemmphas ucropus cumMmerpun’. A Takke ¢ (QHUIBMaMu:
“UenoBek, KOTOPBIH Mo3HAN OeckoHedyHOCTh , “JlloOmmoe ypaBHEHHE
npoeccopa”.

UT0o0BI MPOOYIUTH MHTEPEC K MATEMATHKE, BAKHO CIEANTH 32 HOBBIMH
TEHJICHLIUSIMU U HE OTCTaBaTh OT pealbHOCTH. [IpuMeps! MpHtoKeHHMI:

-“TIudaropus” MpUIOKEHNE Ha TIOCTPOCHHE Pa3ITHUYHBIX
TeOMETPUIECKHUX UTyp.
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-“Euclidea”-3neKTpoHHBIH  COOPHMK HWHTEPAaKTHBHBIX 3a1ad IO
TEOMETPHH.

-“XSection”-npuiokeHne, HaNpaBIeHHOE Ha oOydeHHe paboTe ¢
U300paKEHUIMHA MHOTOTPAHHHUKOB, JIHHUH U TIOCKOCTEH.

W3 BblIECKa3aHHOTO MOXEM CHEeNaTh BBIBOJ, YTO HCIIOJIb30BaHUC
COBPEMEHHBIX METOJOB IOoJayl MHGOPMALUH IO3BOJISIET (OPMHPOBATH Y
00y4JaromuXcsl HO3HABATSIILHYI0O MOTUBALMIO K MOJIyYSHHIO HOBBIX 3HAHHI
CaMOCTOSITEINIBHO, co37aBaTh HH)OPMAITMOHHYO 00CTaHOBKY,
CTUMYJIHPYIOLIYIO HHTEPEC K MaTeMaTHKe.

Jluteparypa:

1. Ecumos. B.II. IIpobnema yiydmeHuss caMOCTOATEIBHOW pPabOTHI
yuaruxcs Ha ypoke [Tekcr] / B.I1. Ecunos - M.: [lenaroruka, 2001. - 415 c.

2. XapoBa, A.B. VYmpaBieHue caMOCTOSATENbHOH AEATEIHHOCTHIO
yuamuxcst [Tekcr] / A.B. XKaposa. - M.: I'ymanur. u3n. uenrp BJIAJIOC,
2002.-246 ¢

HdyckaeBa A.P., PycunoB A.A.
B YVHuUT, r. bupck

Pycunos A.A. - k.¢h.-m.H., doyenm
alsuduskaeva@mail.ru

KBAJIPATHBIE YPABHEHUS C TIAPAMETPAMMU

Pemenue 3asau ¢ mapaMeTpaMu SIBISIETCS OJHMM U3 HaumOoiee
CIIOKHBIX pa3fielIoB MaTEeMaTHKU B OCHOBHOM mmikoune. [Ipu pemennn 3amgay ¢
napamMeTpamMu HeoOXOIUMO HE TOJNBKO XOPOIIO 3HAaTh METOJBI PEIICHUs
YpaBHEHHH, CHCTEM ypaBHEHHH W HEPaBEHCTB, HO W HEOOXOIMMO yMETh
MIPOBOAUTD JIOTHUECKHE MOCTPOEHHUS [2].

Pemmnts ypaBHEeHME C TapaMeTpoM — 3TO 3HAYUT YCTAHOBUTH
COOTBETCTBUE, TOMOIIBIO KOTOPOrO s KaXKJOro 3HAYEHHUs IapameTpa
YKa3bIBaeTCsl MHOXKECTBO KOPHEH COOTBETCTBYIOIIETO YPaBHEHHS.

KBanpaTtHble ypaBHeHHSl ¢ MapaMeTpaMH IIPEACTaBISIOT COOOI
MHTEPECHYIO ¥ BXKHYIO TeMY B airedpe, KoTopasi [o3BOJISIET TITy0Xe MOHATh
CBOMCTBa KBaJPaTHBIX YPaBHEHUH U MCCIIEIOBATh Pa3IMYHbIC CIICHAPUU WX
pelennii. DTH ypaBHeHus uMeroT popmy ax’ +bx+c=0,rae a, buc—
K03((PULINEHTHI, KOTOPBIE MOTYT OBITH BEIPa)KEHBI Yepe3 IapaMeTphl, TO €CTh
NepeMEHHbIE, 3HAYCHUS! KOTOPBIX HE (DUKCHpOBaHBI B paMKax IaHHOTO
ypaBHeHHs. PaccMOTpuUM KIIIOYEBBIE MOMEHTBHI, CBSI3aHHBIE C TaKHUMHU
YpaBHCHHSMHU.
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KBanmpatHble ypaBHEHHsS C THapaMeTpamMH BHOCST JIOTIOJHUATCIBHBIN
YPOBCHb CIOXKHOCTH TI0 CPAaBHEHUIO C OOBIYHBIMU  KBaJPAaTHBIMHU
YPaBHEHUSMHU, IOCKOJIbKY PEllIeHUE TAKUX YPAaBHEHUN 3aBUCUT HE TOJIBKO OT
MIEPEeMEHHON X , HO M OT 3HaUEHUH OJHOTO WJIM HECKOJbKUX MapaMeTpoB.
OTO nemaeT WX MOIIHBIM HHCTPYMEHTOM B anredpe ISl HCCIeIOBaHUS
Pa3IMYHBIX MAaTEMaTHYSCKUX CUTyanui u mpodaem [1].

OcHoBHasl 11eJ1b UCCTIEI0OBAHUS KBaApaTHBIX YPAaBHEHUI C mapaMeTpamMu
— ONPEIENIUTh, KaK Pa3IMYHbIC 3HAYSHUSI TapaMETPOB BIUSIOT HAa CBOMCTBA
YpaBHEHHUS, TaKWe KaK KOJIMYECTBO PEabHBIX KOPHEW, MX KpPaTHOCTh U
pacroiokeHHe OTHOCUTENIFHO OCH alcCIfHcC.

Jns ananu3a kBaApaTHBIX YpPaBHEHUH C MapaMeTpaMy KJIFOYEBYIO POJIb
urpaer muckpumuHant D =b’—4ac. B 3aBuCHMOCTH OT €ro 3HadyeHHS
MOXHO C/IeTIaTh BBIBOJBI O KOJMUECTBE U TUIIC KOPHEH ypaBHEHUS:

e Ecmu D >0, ypaBHEeHHe UMEET JIBa Pa3UYHbIX JEHCTBUTEIBHBIX
KOpHSI.

e Ecmu D=0, ypaBHeHHE HUMeET OJUH JNCUCTBUTENBbHBIA KOPEHb
(WM 1Ba COBIAJIAIONIINX ).

e Ecmu D<O0, ypaBHeHHE HE UMEET AEHCTBUTEIBHBIX KOPHEH.

PaccmoTpum nmpumep.

Ipumep 1: Haiitu Bce 3HaueHHs mNapaMeTpa a, NPU KOTOPBIX
ypaBuenne ax’ —(2a+1)X+a+2 =0 uMeeT XOTs 6bI OIMH ONOKHTEITBHBIH
KOPEHb.

Pemenne.

J1st Havyana HaliieM caM JAMCKPUMMHAHT.

D=(—(2a+1)*—4-a-(a+2)=(2a+1)?*—-4a’ —-8a=1-4a.

Jnst Toro 4roObl ypaBHEHHE HMeEJIO XOTS OBl OJWH KOPEHD,

JUCKPUMHIHAHT JTOJDKEH OBITh HEOTPUIATEIHHBIM:

1-4a>0; asl.
4

UroObl mpom3BelicHHE OBLIO TOJOKUTEILHBIM, HEOOXOIUMO, YTOOBI
a+2>0, orkyna a>-—2. DTO yCIOBHEC BHINOJHACTCS ABTOMATHUYCCKH,

1
YUHUTBIBas TIPEbIAYyIee OrpaHNYEHHE a < 1

OtBer: a € (—2;%] .

Ksanparasle ypaBHEHHS C TapaMeTpaMH — 3TO MOIIHBII HHCTPYMEHT
Uil TIyOOKOTO TOHMMAaHWS CBOWCTB  KBAJIpaTHBIX ypaBHEHHH U
HCCIICAOBAaHMU Pa3sHOOOPa3HBIX MaTeMaTHYecKuX 3amad. OHHM HE TOJBKO
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pacmipAarOT Halll€ MOHMMaHuC aﬂreraI/I‘IeCKI/IX CTPYKTYp, HO U Pa3BUBAIOT
CIIOCOOHOCTH aHATUTUYECKH MBICJINTDb, IPUMEHAA MAaTECMATUYCCKUEC 3HAHUSA
K HOBBIM U HCHU3BCIAHHBIM 001acTsIM.

Jlutepatypa

1. Mupomms, B.B. Pemenune 3amau c¢ napamerpamu. Teopus u
npaktuka / B.B. Mupomma. — M.: U3natensctBo «OKk3amen», 2009. — 286,
[2] c.

2. Topmrettn I1L.U., Ilomouckmit B.b. Axup M.C. 3amaum c
napamerpamw/[L..  Topmretin, B.b. Ilomomckuit, M.C. Sxup//
M.:«Unekcay, XappkoB.:«[ umHa3ms», 2002. — 336 c.

AbsiuxoB A.B.

b® YYHuT, r.bupck, Pb
Tamboeyes K.A., 0.c.-x.H., doyenm
dyachkov.anton1999@gmail.com

HE®TEJOBYIIKA HA OYUCTHOM COOPYXXEHUU

OCHOBHBIMHU CTOYHUKAMH 3aTPsS3HEHUN HEPTHIO H HEPTETIPOIYKTAMHU
SBIISIOTCSL ~ MOOBIBAIOIIME  TPEANPHUATHSA, CHCTEMBl TIEPEKadykd |
TPaHCHIOPTHPOBKH, He(TSHBIE TepMUHAIBI W HedTeOas3pl, XpaHIIUINA
He(pTeNpOAYKTOB, JKEIE3HOIOPOKHBIA TPAHCIIOPT, PEYHbIE W MOPCKHUE
He(bTeHaJ'II/IBHI)Ie TaHKEPbI, AaBTO3allPpaBOYHLIC KOMIUIEKCHI W CTaHLOHWU.
OOBEeMBI 0TX0/10B HEPTENPOYKTOB U He(Te3arps3HeHNH, CKOTMBILUECS Ha
OTACJIIbHBIX 06’I)eKTaX, COCTABJIAKOT OCCATKH M COTHHU ThICAY Ky60MeTpOB.
3HAYUTEIHLHOE YUCIIO XpaHUJIHIITL He(bTeHUIaMOB 1 0TXOOO0B, MOCTPOCHHBIX C
Hayanma 50-X TOAOB, MpPEBpaTHIOCh M3 CPEICTB  IPEIOTBPAILCHUS
He(Te3arps3HEHUH B IOCTOSHHO JCHCTBYIOIIUN HWCTOYHHUK  TaKHX
3arpsi3HEHUH.

AKTyambHOCTBIO JAHHOW TEMBI SBISICTCS TO, YTO JUIA OYHCTKH
IMPON3BOJACTBEHHBIX CTOYHBIX BOJ, coaepKamx BCIIIBIBAKOIITNEC
rpy0oAuCIepTUPOBaHHBIC MMPUMECH IPH KOHIEHTpanuu cBbime 100 mr/m,
MMPUMEHAIOTCA CICIIUATTU3UPOBAHHBIC OTCTOMHBIE COOPYKEHU, HA3bIBAEMBIC
HedTenoBymkaMu. HedrenoBymky npeacTaBisiioT co00i MpsiMOYTOJIbHBIC
pe3epByapbl, B KOTOPbIX He(Th M BOJa pa3ieisOTCS H3-32 Pa3HOCTH
IUIOTHOCTEH, MpudeM He(Th BCIUIBIBAET HA IMOBEPXHOCTh, COOWpaeTcs U
yrammupyercs. O (eKTHBHOCTS OYUCTKH CTOYHBIX BOZ AocTHraeT 85%, B
3aBHCHMOCTH OT BHIA HE(PTEIOBYIIKH. [IpOEKTHPYIOTCS TOPHU3OHTAIBHEIE,
MHOTOSIDYCHbIE ~ (TOHKOCJIOWHBIE) W  pajuaibHble  HE(TEJOBYILIKH.
OCHOBHBIMH HMCTOYHHKAMH 3arpsi3HEHWH HEPThI0O W HEPTEHpOAYKTaMHU
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SIBISIFOTCSL ~ JOOBIBAIOLIME  MPEANpPUATHS, CUCTEMBl  IEpeKauykd U
TPaHCIIOPTHPOBKH, He(TsAHbIE TepMHHAIBI M HedTeOaspl, XpaHWIMIIA
HE(TEPOIYKTOB, JKEIC3HOMOPOXKHBIH TPAHCIOPT, PEUYHBIE U MOPCKHUE
He)TeHAJIMBHBIC TAaHKEPHI, aBTO3alPaBOYHbIE KOMIUIEKCHI W CTaHIHU.
OOBeMBI 0TXOZOB HEPTETIPOAYKTOB M He(Te3arpsA3HEHHA, CKOTMBIINECS Ha
OTJEJBbHBIX 00BEKTaX, COCTABISIOT JECATKH M COTHH ThICSY KyOOMETpOB.
3HAYNTETBHOE YHCIIO XPAHWINII HE(PTEIIaAMOB M OTXO0B, TOCTPOECHHBIX C
Hadana 50-x ToJ0B, TNPEBPaTHIOCh M3 CPEJACTBA MPEJOTBPALICHUSA
HepTe3arpsa3HEHUH B TOCTOSHHO JEHCTBYIOMIMHA HMCTOYHHK  TaKHX
3arpsA3HEHUH.

Haubonee mmpoko pacnpoCTpaHEHHBIMH 3arpsi3HUTENSIMH CTOYHBIX
BOJl SIBISIFOTCS. HE(TENPOAYKTHl — HEWAECHTU(HULUPOBAHHAS TpyIIa
YIJIEBOJIOPOOB HEDTH, Ma3yTa, KEPOCHHA, MAacell U UX MpuMeceil, KoTopble
BCIEACTBHE HX BBICOKOI TOKCHUHOCTH, TpPHHAIJIEKAT, IO HaHHBIM
IOHECKO, x w4umcmy pgecatH Haumbonee OIACHBIX — 3arpsi3HUTENCH
OKpy>Katolied cpeabl. HeTenmpoayKkTel MOTYT HaXOJHUTHCS B PacTBOpax B
SMYJBIUPOBAHHOM, PACTBOPEHHOM BHAE M 00Opa30BBIBaTh HAa MOBEPXHOCTH
IIJIaBAOLIUN CIIOH.

OnmHUM W3 HEBOCTIOJHHMBIX IMPUPOIHBIX PECYPCOB SIBISIETCS HE(TH,
KOTOpasi B Ipoliecce A0ObIYM, TPAHCHOPTA, NepepaboTKu M MOTpeOIeHUs
TIOCTOSTHHO CONPHKACACTCS C OKpY)KAloIled cpelod M 3arps3HseT ee,
0COOEHHO BOY.

B  mHacTtosmee  Bpems  3amuTa  OKpY)Karomled  cpemsl  OT
HedTecoepKalluX CTOYHBIX BOJ - OJTHA M3 TIaBHBIX 3a/1a4. MeponpusiTus,
HampaBJeHHBIE HAa OYNUCTKY BOJABI OT HedTH, NOMOIyT cOepeub
OTIpe/ieIeHHBIe KOMMYeCTBA HE(TH M COXPAHUTh YHCTHIMU BO3AYIIHBIA U
BOJIHBIN OacceiHbl. Ha 3eMHOM Iape MHOTO BOJBI, HO YHCTOM MPECHOM BOJIBI
oueHb Maso. KpyroBopoT Boas! B IpHpoie CO3/1aeT HEOOXOIUMBIE yCIOBUS
JUISL CyIIIECTBOBAHMS YEJIOBEUECTBA Ha 3EMIIC.

B cBs3u ¢ 3THM cTaBHTCS 3a7ada MPOBECTH 0030p JIHTEPATYphHl O
He(QTEIOBYIIKAX, H3yYUTh WX YCTPOWCTBO, MPUHIIUII AEUCTBUS M METOIBI
nx pacuera. Ha ocHOBaHMM M3y4eHHsI OCHOB IPOEKTHPOBAHMS OYHCTHBIX
COOPY’KEHHH TOCTPOHWTH NPUHIUIHUAIBHYIO CXeMy HE(TEIOBYIIKH U
IIPOBECTHU €€ pacyer.

JluTeparypa

1. KpuBomeunn, J.A. u ap. VHxeHepHas 3amiura MOBEPXHOCTHBIX
BOJI OT IPOMBINIICHHBIX CTOKOB: Yue0. mocobue / JI.A. Kpusomewnn, IL.I1.
Kyxun, B.JI. Jlanun u ap. M.: Beicas mkona, 2003. — 344 c.: nn.

2. PomuonoB, A.M. TexHuka 3ammThl OKpyxaromei cpeabl./ A.W.
Pommonos, B.H. Knymnn, H.C. TopouemnukoB YueOHUK Ui By30B. — M.:
«Xnumusn», 1989. — 512 c.

62



3unosa E.II.
yuutens MBOY COII Ne3, r.bupck, Pb
chistyakova-ep@mail.ru

METOABI TPOBJEMHOT'O OBYYEHHUSA B MATEMATHUKE

Mertoapl Mpo0OIeMHOTO OOY4YEeHHs — 3TO TaKHe METOMBI, KOTOpbIe
HanpaBlICHbl Ha pPAa3BUTHE MBIIUICHUS YYEHHKOB M HMX TBOPYECKHX
criocoOHocTeld. ClenoBaTeNnbHO, pE3yIbTaTOM INPHMEHEHHS METO/OB
npoOJIeMHOT0 O0ydYeHHsT MOTYT CTaThb CIEAYIOIIHE HOBOOOpa3OBaHHS B
CTPYKTYpE JINIHOCTH yICHHUKA:

- YMEHHE TPOBOJUTH aHAIU3 CUTYalnH, 3a/1aHNs, 3a/1a9H, YCIOBHH;

- YMeHHe nepeopMyITHpPOBaTh HCXOIHBIC YCIOBHUS 3a/1a41 U IIOCTaBUTh
npobaeMy, T. €. CPOpPMYJIMPOBATh 33a4y Ui ceOs;

- YMEHHE CIUTaHHUPOBATh CTPATETUIO MTOUCKA PELICHUS TPOOIEMBI;

- YMEHHE HCIOJIb30BaTh Pa3IM4HbIE MPOOJIEMHO- IOMCKOBBIE METOJIBI
(omBITHAs TPOBEPKA, IKCIIEPUMEHT);

- YMEHHE IPOBECTH aHAJIN3 HAWIECHHOTO PEIICHUs, COMIOCTABUTh €ro C
JPYTHMH, BBIOpaTh ONTUMAJIBHBIH JJIs1 JAHHON CUTYyallnH;

- CHOCOOHOCTH K MOPOXKICHUIO HOBBIX HIEH, (DOpMYIHPOBaHHUIO
THIIOTE3, CAMOCTOATEILHOMY OCBOCHUIO HOBOTO OIIBITa;

- CmocoOHOCTE K aOCTPaKTHOMY, TEOPETHYECKOMY MBIIUICHHUIO,
OCHOBAaHHOMY Ha MWCIIOJIb30BAHMHM B KadeCTBE HHCTPYMEHTA MBIIIICHUS
MOHSTUI, KPUTEPUEB, OCHOBAHMUIA;

- CIOCOOHOCTHP K CaMOOOpa30BaHMIO, PA3BUTHE II03HABATEIHHOU
MOTHUBAIINH, YMEHUE OLIEHUTh YPOBEHb CBOETO aKTyaJIbHOTO PAa3BUTHS U 30HY
Ommkaiiiiero pazButus (4To g yke Mory? 3Hato? aenaio?).

OcCHOBHBIE TI€TM MPHUMEHEHHS MeToAa MpoOIeMHOro O0O0ydeHHS
CBS3aHBl HE C OBJIAJICHHEM IPEIMETHBIMH 3HAaHUSAMH, a C OCBOCHHEM
00yJaromuMHCs Pa3TUYHBIX BHIOB JAEATEIFHOCTH, BXOASIINX B COCTaB
y4eOHOH eITeIbHOCTH.

OKcnepuMeHTanbHass paboTa NPHUMEHEHHsS METOJO0B HPOOJIEMHOTO
o0y4enus Obuta oprannzoBana B COLLI Ne3 r. Bupcka. B xoze ee npoBenenus
IpU M3Y4YEHHH TeMBbl «ApudMerndeckast nmporpeccus» B Kypce anreopsl 9
KJacca Oblila co3/laHa ciie{ylomas IpodJeMHast CUTyalusl.

VYuurenp mnpennaraer oOywarommmcst 3axanue: Hailiaure cymmy
CEMHA/IIIATH NEPBBIX WICHOB apH()METHUECKOM ITPOTPECCHH, ECITH U3BECTHO,
470 ¢€ MepBhIi WicH 4,5, a pa3HOCTh paBHA —3.

ITpennonaraemple OTBETH! YUEHUKOB:
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1) HaliTH KaXablii U3 17-M YJICHOB W HMX CJIOXHUTH (HErojieH, T.K. MOXET
oKazaTbCs HeoOxoammo uckate cymmy 1000000 wuieHoB, 4TO crenath
AHAJIOTUYHBIM CHOCOOOM MPAKTHYECKU HEBO3MOJXKHO);

2) nmonpoOoBaTh BBIBECTH (OPMYJY AJIsI HAXOXKICHHS CYMMBI N TEPBBIX
YIICHOB apu(METHIECKON IIPOTPECCHH.

B xone o0cyXIeHUs NpenIoKEHHBIX OTBETOB, BMECTE C YUEHHKAMHU
NPUXOJUM K BBIBOJY, 4YTO IieiecooOpa3HO BbIBecTH (GopMmyiy Juis
HAXOXJEHUS CYMMBI CEMHAJUaTH IIEPBBIX WIECHOB apH()METHIECKON
nporpeccuu. [Ipemnaraem gparmeHT ypoka.

dopmyna cyMmbl WICHOB apH(METHUECKOM Tmporpeccun Obuia
JoKa3zaHa JpeBHerpedeckuM Yyu€HbIM Jlnodantom (B III Beke). Mer
orpo0yeM Ha 3TOM YPOKE TOKE BEIBECTH HCKOMYIO (DOpMYITY H TOKa3aTh eé.
Uro 6561 BaM OBLIO JIeTYE CIIPABUTHCS C TIOCTABICHHOM 3a/1adei, S pacCcKaxy
BaM HCTOPHIO O 3HAMEHUTOM Hemerlkom Marematuke K. Taycce (1777-
1855), KOTOpBIN B paHHEM JCTCTBE OOHAPYIKUIT BBIIAIONTUECS CITIOCOOHOCTH
K MaTeMaTrKe. YUUTeNb MPEUIOKIIT YIAIIUMCS CIIOKUTh BCE HATypalbHBIC
yucia ot 1 go 100. Manenskuit ['aycc pemn 3Ty 3a1a4dy 3a OIHY MUHYTY.
Ou coobpasuit, uto cymmsl 1+100, 2+99, 3+98 u T.1. paBHBl. OH YMHOXHMII
101 Ha 50, T.€. pe3yapTaT CIOKEHUS AP YUCET Ha UX KOJTMYECTBO U MOTYIHII
oTBeT. VHade roBops, OH 3aMeTHJ 3aKOHOMEPHOCTh, KOTOpas IpHCYIIa
apru(pMeTHIECKON MPOTPECCHH.

IIpeqarato  pemmTsh 3Ty  Jk€  3agady  HEMHOTO  HHaue.

1,2,3,4,...,96,97,98,99,100.

1+100=101, 2+99=101, 3+98=101,..,a Takux cymm 50, Torma

101-50=5050.

YuuTenp npearaet ASTsIM U IpYroi crocod odopmileHHs peleHust
TOH K€ 3aJjauM.

YduTeImo clieyeT MOMHTEPECOBATHCS, KaKasi BEJIMYMHA [TOSIBIIIACH B
pelnreHnn 3a1a9u 6e3 Beskoro obocHoBaHusA? Yucno 50. UtoObr n3bexaTh
3TOr0 HEOOOCHOBAaHHOTO TMOSBJIEHUS YYHTENb Hpeanaraer oQopMHUTh
pelIeHne TaKuM 00pa3oM:

1 2, 3 4,..,97,98,99100.
100,99,98,97,... 4, 3, 2, 1.
ClioXHM TIOTAapHO 4YHCIIA, CTOSIIME B 3alMCH OTHO TOX IPYTUM.
Kaxnas cymma paBHa 101. Takux cymm posro 100. 101-100 =10100
VuuTIBas, 9TO 10 XOXy PCLICHWS MBI CKIAABIBAIM BCE HATYpaJbHBIC

gucna oT 1 mo 100 nBaxknmbl, HEOOXOAWMO pAa3JeNIUTh IOJYICHHYIO
BEIMYUHY Ha 2.
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IMocne mpoaenaHHOW pabOTHI BHIBOAMM (HOPMYIY Uil BBIYHCICHUS
CYMMBI N TMEPBBIX WICHOB apu()PMETHUSCKON MPOTPECCHH CAMOCTOSATESIHLHO B
TETpamsix B 0OIIEeM BH/IE.

S,=a+a,+a,+..+a, ,+a,_,+a,

S,=a,+a,,+a, ,+.+a,+a,+4a

28, =2(a +a,)+2(a,+a,,)+..+2(a,, +a,)+2(a, +a,)
S, =(a,+a,)+(a, +a,,)+...+(a,, +a,)+(a, +a,)
S, - 8, +4a,
2
apUPMETHIECKOHN POTPECCHH.
[Mocne BEIBOJA pemaeM 3aqau Ha 3aKpETUICHUE JaHHON (OPMYIIEL.

- (dopmyna s HaXOXKACHHUS CYMMBI N TEPBBIX WICHOB
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HBIOTOHOBCKASA ' KUAKOCTb

HpI0TOHOBCKAST KHUAKOCTh — 3TO OCHOBHOW THII XHJKOCTH, KOTOpas
noguuHsAeTcs 3akoHy HproToHa o Bsaskoctn. OHa XapakTepu3yercs
MOCTOSHHOW BS3KOCTBIO NPH JIOOBIX YCIOBHSAX, YTO JENaeT €€ JIETKO
M3y4aeMOH M IPUMEHUMON B Pa3IMYHbIX 00JIACTIX HAYKH M TEXHUKH.

Hcaax HeloToH BHepBblE OMMCaN 3aKOH BSI3KOCTU JUISl KHJKOCTEH B
cBoeii pabore "MaTtemarnieckue Hadasla HaTypanbHOH Guiaocopun” B 1687
rogy. Ero skcnepuMeHThI ¢ MOTOKOM XHJIKOCTU U U3yUCHHE €€ TOBEACHUS
NpUBEIH K (OPMYJIHPOBKE 3aKOHA, KOTOPBIA celvac Ha3bIBaeTCS 3aKOHOM
HeroToHa 0 BA3KOCTH.

OCHOBHBIE ~ CBOWCTBA  HBIOTOHOBCKOW  JXHIKOCTH  BKJIIOYAIOT
MOCTOSIHHYIO BSA3KOCTh IIPHM IOCTOSHHOW TeMIlepaType U JaBJICHHU.
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Bs13k0CTh HHIOTOHOBCKOM KHJIKOCTH 3aBUCUT TOJIBKO OT CKOPOCTH CIIBUTA, a
HE OT JaBJICHUS WM HAIMPSHKEHUS.

IIpumepbl HBIOTOHOBCKHUX JKUJKOCTEH BKIIFOUAIOT BOJY, MUHEPAIbHbIE
Macja, HEKOTOpbIE pacTBOPHI COJNEM U Jpyrue >KUAKOCTH, KOTOPBIC
MOAYUHSIOTCS 3akoHy HbroTOHA.

HabmoneHne HEKOTOPBIX CBOMCTB «HEHBIOTOHOBCKOW» JKHIKOCTH U
BO3MOXKHOCTh WX TPAKTHYECKOTO HCIIONB30BAHUA CTalld TIPEIMETOM
HUCCIIEIOBAHUMN.

OKCIIepUMEHT: METaHUE MIapHKa Ha IOBEPXHOCTHU KUAKOCTEH, C IETTHI0
BEISBIICHUS Pa3sHUIBI WA CXOJCTBAa MOBENCHHS OOBEKTa Ha MOBEPXHOCTH
00€euX XKUIKOCTEMN.

=g

Puc. 1. IlorpyxeHue cTaapHOTO MApHUKa B TIPOLIECCE IBIXKEHUS BIOJb
MMOBEPXHOCTH «HBIOTOHOBCKOW (CJI€BA) U «HEHBIOTOHOBCKOM» (CripaBa)
JKUJIKOCTEH.

ITo utoram sKcrepuMeHTa MOJIYYEHBI CIEAYIONINE PE3yNbTAThI:

1. CraipHOM MApUK Ha TOBEPXHOCTH OOBIYHOMN KHUIKOCTH 3HAYUTEIBHO
morpy’kaeTcsi B Hee B IPOIECCE IBIDKEHHUS M Cpa3y K€ TOHET B MOMEHT
OCTaHOBKH IIapuka (puc.l, ciesa).

2. Ha moBepXHOCTH «HEHBIOTOHOBCKON )KHIKOCTH (PacTBOp Kpaxmalia
HE TMOJIBEP)KCHHBIN TEIIOBOM 00pa0OTKe) MIAPHK JIETKO MPOCKAKUBACT I10
TIOBEPXHOCTH, OCTAHABJIMBAETCS M CITYCTSI TIOJITOPHI - JIBE CEKYH/IbI HAYMHAET
omyckatbes Ha AHO (puc.1, crpaBa).

3HaHWE O HHIOTOHOBCKOM XHIKOCTH HCTIONB3YEeTCS B MEAWIIMHE TSI
MOJICTUPOBaHUsI KPOBOTOKAa M JMATHOCTHKH 3a0oJieBaHWU. B wmkeHepun
HBIOTOHOBCKAsI JKUIKOCTh UTPAET KIIOYEBYIO POJb IMPH MPOSKTUPOBAHHUU
aBTOMOOWJICH, CAMOJIETOB U IPYTUX TEXHHUECKUX YCTPOUCTB. B pusuke ona
IIOMOTAeT TOHATh TEYEHMS S>KUIKOCTeH M CO3[aBaTh MaTeMaTHYeCKue
MOJEJH JIJIsl X aHaJIu3a.

M3yueHne HBIOTOHOBCKOW >KMIKOCTH SIBJISIETCS Ba)KHBIM 3JIEMEHTOM
(yHIAMEHTAILHOTO TIOHUMAaHUS MTOBEICHUs KuaKocTel. Ee mpumeHenue B
Pa3IMYHBIX 00JAacTAX HAYKH W TEXHUKH IOAYCPKHBACT 3HAYMMOCTH
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N3Yy4YCHU OTOI'0 TUIIA KUIAKOCTH IJIs1 Pa3BUTUSA COBPECMCHHBIX TEXHOJIOTUH 1
Hay4YHBbIX OTKpBITHﬁ.
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METOJHUKA IPEINIOJABAHUS TPUTOHOMETPUYECKHX
®YHKIIMU B CPEJHEU HIKOJIE

OOyuenue TPUTOHOMETPUIECKUM GbyHKIHSIM B pamKax
MaTeMaTHYeCKOT0 Kypca B CPEIHEH IIKOoJe HWrpaeT KIIOYEeBYyIO pOJb B
(hopMHpOBaHMH MaTeMaTHYECKOH rPaMOTHOCTH ydariuxcs. OBiasieHue 3TuM
pasiesioM MaTeMaTHKU HE TOJIbKO Pa3BUBAET aHAJIMTHUYECKOE MBIIUICHHE, HO
W OTKpBIBAeT BEpIIMHY JJIs MMOHHUMaHHs 0oJyiee CIO0XHBIX MaTeMaTHYECKHX
KOHIICTILIU# ¥ MX MPUKIAIHBIX acnekToB [1;28].

Ha wusydenuwe tpuroHomerpnieckux (yHKOMII B IIKOJIBHOM Kypce
Te€OMETPUH OTBOJMTCSI OYCHb MAJIO YacOB, U3-3a YEro MPOUCXOAUT ype3aHHe
TPUTOHOMETPHUH B COJEP)KATEIbHOM IUIAHE, YTO HETaTUBHO CKa3bIBAETCS Ha
Ka4yeCcTBE YCBOCHHS €€ OCHOBHbBIX HJIEH U METOJ/IOB.

OcHoBHBIE 00pa3oBaTeNbHBIE LEMU H3YYEHHS TPUTOHOMETPHUYECKUX
(hyHKIHA:

1. CucreMaTH3upoBaTh 3HAHUS YyYallUXCS O TPUTOHOMETPHYECKUX
(DYHKIMAX YHCIIOBOTO apryMEHTA.

2. O600mHUTH ¥ PACIIMPHUTH 3HAHHUS O CBOWCTBAX TPUTOHOMETPUUYECKUX
yHKINH.
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3. 3akpenmuTb M pa3BUTh YMEHHS IPOBOJIUTH TOKJECTBEHHBIC
npeoOpa3oBaHMsl TPUTOHOMETPHYECKUX BBIPAKEHHUH.

4. Tlo3HaKOMHUTh C pEHNICHHEM IIPOCTEHINNX TPUTOHOMETPHIECKUX
YpaBHEHMH U HEpPaBEHCTB, PACCMOTPETh HEKOTOpBbIE IPUEMBI pPELICHUS
TPUTOHOMETPHUYECKUX YPABHEHHI 1 UX chcTeM [3;56].

Bo3MosxHBIE TyTH BBEACHHS TPUTOHOMETPHYECKUX (DYHKIMH B LIKOJIE:

Anamutnueckuid. [IpencraBmsrorcss nBa Bapuanta. OamH W3 HHX
cBoauTcs K aHanu3y nuddepeHnmansHbIX ypaBHeHHd. Ee umcnonb3yloT Ha
KPYXKKOBBIX 3aHATHAX. BTOpol BapmaHT aHAIMTHYECKOTO BBEICHUS
TPUTOHOMETPUYECKON (YHKIIMY - UCIIOJIb30BaHKE arapara psgoB. Ho Takoii
TIOZXOJ UTSl CPEHEH IIKOJBI IIPEACTABISIETCS] MAJIO PEATBHBIM.

I'eomerpuueckuii. bosjee NPUBBIYHBIM U ILIKOJIBI INPEACTABIAETCS
BTOPOIl MyTh - reoMeTpudeckuid. Fimeercst 60JIbIIOE YNCIO Pa3HOBUIHOCTEH
storo myTH. CaMoil HarisAgHOW W TPOCTOM  SBIAETCS BBEJCHHE
TPUTOHOMETPUYECKUX (DYHKIUH ITyTeM PacCMOTPEHUS OTHOLICHUH CTOPOH B
MIPSIMOYTOJIBHOM TPEYTOJIbHUKE.

PaGota 1O BBINENCHHWIO CYNIECTBEHHBIX IIPU3HAKOB  ITOHATHSA
«TPUTOHOMETPUUYECKHE (YHKIMH YHUCJIOBOTO apryMeHTa» MOXeT ObITh
MIOCTPOEHA C MOMOUIBIO CPaBHEHHS IOHATHH «UHCIOBBIE (YHKIHH» U
«TPUTOHOMETpHYECKHe (YHKIMH YHCIOBOrO aprymenrta» [2;131]. B
pesyibTate  CpaBHEHMS  yCMaTpUBAaeTCs, YTO TP  PacCMOTPEHHH
TPUTOHOMETPHUIECKUX (QYHKIHUI YTy COMOCTaBISIETCS YUCIIO, B TO BpeMs Kak
IIPU PACCMOTPEHHE YHCIOBBIX (DYHKIIMH YNCITYy COIIOCTABIIAETCS YUCIIO.

[TockoabKy Ui HCCIEOBaHUS TPUTOHOMETPHYECKUX GYHKIHMHA H
MOCTpOeHHs TpaUKOB HEOOXOIMMO MOJIB30BAThCS OOIIMMH TIpHEMaMH,
W3BECTHBIMHM JUIS. YHCJIOBBIX (YHKIHMH, CIIe0BAaTENbHO, LeIeco00pasHo
paccMaTpuBaTh TPUTOHOMETpHUYECKHE (PYHKIIMH YHACIOBOTO apIyMEHTA.

Bropoi#i Bompoc, KOTOpBIM Ienecoo0pa3sHO pPaccMOTPETh B CBSI3U C
N3y4YEHHUEM TPUTOHOMETPHUYECKNX (QYHKIMH — 3TO BOIIPOC O NEPHOANTHOCTH.

B xozne o6cyxaeHnss MOKHO OCTAaHOBHUTHCS Ha CIEAYIONINX BOIIPOCAX:

1) IlponeneBTHKA HOHATHS O IEPHOANIHOCTH (YHKIIHH.

2) Hcnonb3oBaHue CBOWCTB MEPHOAUMYHOCTH MPU 3HAKOMCTBE C

MOCTPOCHNEM I'Pa(hUKOB TPUTOHOMETPHUECKUX (YHKIIHH.

3) AHasu3 onpeeNIeHNs IOHATHS «TIepuoAnYecKas QyHKIus.

4) AHanuTHYeCKas U TeOMETPUIECKasi NHTEPIPETAINH TIEPHUOIUIESCKON
¢GbyHKIHN.

5) Ileproa v HANMEHBIIHUIT MTOTOKUTETBHBIIN MTeprol GYHKINH.

Takum 00pa3oM, MBI NPUXOJUM K BBIBOAY, YTO NPUMEHEHHE JaHHBIX
IIPUEMOB MOXXET CIIOCOOCTBOBAThH M3YUCHHUIO TPUTOHOMETPHUYECKUX (QYHKINH
6oiee 3P heKTHBHBIM, yBIEKaTEILHBIM U JOCTYIHBIM IS BeeX ydamuxcs. Ho
TaKKe CIEIyeT OTMETHTb, YTO 3aHSATHS JOJDKHBI HPOBOIUTHCS C yYETOM
BO3PAaCTHBIX M MCHXOJIOTHYECKHX OCOOCHHOCTEH Yy4Yalluxcsi, co3JaBas
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OnaronpusATHYI0 00pa30BaTENbHYIO CPEy Ul YCBOSHHUS MaTepHaia BO BpeMs
ypoKa.
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JIMHEMHBIE HEPABEHCTBA C TAPAMETPAMMU

JluHeliHble HEpaBeHCTBA € IapaMeTpaMM SBIIOTCS OJHHUM U3
3HaYaIMXx 00BEKTOB HCCIIEAOBAHIS B MATEMAaTHKE, TaK KaK IMEIOT HE TOJIBKO
[IPAKTUYECKOE IPUMEHEHUE, HO U MHTEPEC TEOPETUUECKOIO UCCIIEI0BaHUS.

JIuneliHoe HEpaBEHCTBO € MapaMeTpaMH — 3TO HEPABEHCTBO,
BHEUIHUI BHUJl U PEIICHHE KOTOPOrO 3aBUCHUT OT 3HAYEHUM OJHOTO WU
HECKOJBKUX MapaMeTpOB.

PemuTh IMHENIHOE HEPABEHCTBO € IIAPaMETPOM - HAWTU BCE CUCTEMBbI
3HA4YEHUI NapaMeTpoB, IPH KOTOPBIX JAaHHOE HEPABEHCTBO UMEET PElIeHHE,
WITH YCTaHOBHTh, YTO MX HeT [1].

Jas  MX pelmeHHsi 4YacTO HCNOJAB3YIOT METOAbI aHAJIW3A
HHTEPBAJIOB, METO/ OACTAHOBKH Pa3JIMYHBIX 3HAYCHUH IapaMeTpPoOB U
MeToAbI rpadgpu4yecKoro npeacTaBJaeHns.

B nanHON Hay4HOH cTaThe MBI XOTHM IIPEJCTABUTH BaM aJTOPUTM
pelIeHusl JMHEHHBIX HEPaBeHCTB C MapaMeTpoM, Onarojpapsi KOTOPOMY
OTKpPBIBAETCSI BO3MOXHOCTb CHUCTEMATHMUYECKOIO IIOAXONA K PELIEHUIO
MaTeMaTHYECKUX 3a7a4.

Ilonumanue W yMeHHe pelaTh JaHHBIM BUJ HEPABEHCTB SBISIETCS
BaKHBIM HaBBIKOM JIJI1 MATEMATUKOB, KOTOPBII MO3BOJISIET YCIELIHO pEeIaTh
pa3nnYHbIe 3a1a4d, TpeOyIomue aHaIu3a U ONpeIeNIeHUs] HHTEPBAJIOB WIN
3HA4YEeHUH NapaMeTpoB I JOCTHKEHHS ONPENEICHHBIX LENeH.

BcnomauM cBolCTBa HEPABEHCTB:

1. JlroOoi 4jeH HepaBeHCTBA MOXKHO IIEPEHECTH M3 OJHOW YacTH
HEPAaBEHCTBA B APYryl0 C HPOTHBOIOJNOKHBIM 3HAKOM, IIPH 3TOM 3HAK
HEPABCHCTBA HE MEHAETCS.
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2. O0e yacTH HEepaBEHCTBA MOYKHO YMHOXKUTh WIIM Pa3JelUTh Ha OJHO
U TO € YUCJI0, HE paBHOE Hymo. ECIM 4MCIO MOJOXKUTENBHO, TO 3HAK
HEPaBEHCTBA HE MEHSCTCS, €CIM OTPUIATENbHO — 3HAK HEPaBEHCTBA
MEHSETCS Ha POTHUBOIOIOXKHbIH [2].

ANTOpUTM peIIeHNs INHEHHBIX HEPABEHCTB C TApaMeTPOM:

1) PackpbITh CKOOKHM (€CJIN OHM €CTh), IEPEHECTH WICHBI, CO/IEpKAIINE
HEHW3BECTHOE, B JIEBYIO 4YacTh, & WICHBI, HE COJEpIKaIle HEH3BECTHOE, B
IIPaBYyIO (UCHOJb3Ys CBOMCTBO 1);

2) [IpuBecTr TOJOOHEIE ClIaracMble

3) PaccMoTpeTh BCe BO3MOKHBIE CITydau JUIsl mapameTpa.

Jast noareep:xkaennst 3¢p(PeKTUBHOCTH JAHHOIO AJTOPUTMA ObLI
PaccMOTpeH BBIYUCIUTEIbHBIN NpuMep: 5x —a > ax + 3 [3].

Ha nepsom smane pewenus 0Ovino npoussedeno TpeoOpa3oBaHHUE
HCXO/JHOTO HEpPaBEHCTBA, IyTEM IEPEHECEHUS WIEHOB C HEM3BECTHBIM B
JIEBYIO YacTh, a WICHOB, HE COJICP KAINX HEU3BECTHOE, B MIPaBYIO: 5X — ax >
a+3

[anee ObUTO BBIHECEHO 32 CKOOKH X B JIeBOW 4acTH HepaBeHCTBa: (5 —
a)x>a-+3

Ilocne 3aBepuieHHst BceX NPeoOpa3oOBaHMIT PAacCMOTPEHBI  BCE
BO3MOJKHBIE CITyJau AJIS MapaMeTpa a:

1) Ecma>5,tTox<(a+3)/(5-a).

2) Ecmu a =5, TO pelieHui HeT.

3) Ecma<5,tox>(a+3)/(5-a).

B xaxmoMm pemieHHH HEOOXOAMMO YAENATH 0co0oe BHHMaHHE
TIOCJIEIHEMY 3TaIly — 3aIliCh OTBETa, MOCKOJIbKY €ro YHyIIeHHE BIHSIET Ha
MIOJTHOTY ¥ TOYHOCTH PEIICHUS.

B nanHOM nmprmepe oTBET OyAEeT BBIMIAACTh Tak: Mpu a > 5, X < (a + 3)
/(5-a),mpua<5, x>(a+3)/(5—a), npua=>5 - HEpaBEeHCTBO HE OYyIET
MMETh PEeLICHUH.

Takum  o0Opa3oMm, MPEACTAaBICHHBIA  alTOPUTM  IPEIOCTaBISAET
pe3yIBTaTUBHBIA METOJ PEIICHHUS JIMHEHHBIX HEPAaBEHCTB C MapaMeTpamH,
OTKpBIBas HOBBIE IEPCIEKTHBBI JJISI JaJbHEHIIEro HCCIEJOBAaHHSI H €ro
MIPAKTUYIECKOTO MPUMEHEHHS B 00JIACTH MaTEMaTHKH.
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HNCIIOJb30BAHUE GEOGEBRA JIJIS1 CO3JJAHUSA
NHTEPAKTHUBHBIX YPOKOB MATEMATHUKHA

OnHOI1 U3 aKTyaIbHBIX IPOOJIEM B HACTOSIIIIEE BPEMS SIBIISICTCS MaICHAE
MHTEpeca y yJalmuxcs K W3yYCHUIO MaTeMaTuku. Mcxoms W3 IpakTHKH
MOXHO Ha0JI0aTh, YTO OOJIBIIMHCTBO OOYYarONINXCs, KOTOPBIE HAXOIATCS
ceifyac B IMOCTOSIHHOM IIpOLecce TOJyYeHHUsl U Tepeaayr HHOpMaIiu, Bce
peke MOTYT XOpPOIIIO BOCIIPUHUMATH YPOKHU JEKIMOHHOTO THMa [2].

OnHako, HEOOXOAMMO MOAYEPKHYTh, YTO COBPEMEHHBIE TEXHOJIOTMHU
MO3BOJISIIOT  YYUTENIO HAWTH CIOCOOBI pElIeHHs JaHHOH IpOOJIEeMBI.
[Mpumenenune nporpammbl GeoGebra Ha ypokax MaTeMaTHKH 3HAYHMTEIIHHO
MOBBIIIAET BHUMAaHUE YYEHHKOB K O0OBEKTaM wuccienoBaHus. JlaHHas
IporpamMMa MO3BOJISIET CO3/aBaTh MHTEPAKTHBHBIC IUArpaMMbl, TpaduKH,
PHCYHKH, aHMMalWH, YTO JeJaeT YpPOKH Ooiee 3aHUMATeNbHBIMH U
YBIICKaTeNbHBIMA.  YUCHHKH MOTYT JIETKO  B3aMMOJEHCTBOBAaTh C
MaTepuagoM, SKCIIEPUMEHTHPOBATh M BUJIETh PE3yJIbTaThl CBOUX ACHCTBHUH
HENoCpeACTBEHHO Ha KpaHe [1].

Kpome Toro, Omaromaps Geogebra yumrTens MOryT cO31aBaTh
WH/IMBHyJIN3UPOBAHHBIE YPOKH, YYHTHIBAIOLIMNE OCOOEHHOCTH Ka)JOro
ydeHuka. [Iporpamma mo3BoyIsieT aJanTHpOBaTh MaTepuan I0J yPOBEHb
MOJATOTOBIEHHOCTH M HHTEPECHl ydalluxcs, 9YTO CIocoOCTByeT Ooiee
3¢ (HEeKTUBHOMY YCBOCHHIO 3HAHUH.

Tarkke NPEeNMyIIECTBOM [aHHON NPOrpaMMBl SBJISIETCS OONBIION
¢ynkponan u ynoOHeld uHTepdeiic. C momompio GeoGebra MoXHO
W3Y4YUTh BMECTE C YYCHUKAMHU TOHATHS KaK Pa3IMYHBIX I'€OMETPHUUECKHX
¢uryp m Tenm, TakMX Kak KyO, MapaienorpaMm, IUIMHAP, OKTa’p,
TETpas’Ap, Tak U MPOBOJUTH PA3JIMYHBIE ajareOpanvecKue onepaiuu, B TOM
YHclle CKJIAABIBAaTh, BBIYMTATh, YMHOXaThb W JAEIHTH 4HCia, paboTaTtb C
MIepEeMEHHBIMH, COCTAaBIISITh YPAaBHEHHUS, HAaXOANUTh MX KOPHH W MHOTOE
npyroe. IIporpaMmy MOKHO YCTaHOBHTH Ha MEPCOHAIBHBIM KOMIBIOTEDP U
WCIIONB30BaTh B OGJIaiiH pEXMMe, a TaKKe BOCIIOIB30BATHCSA OHJIAWH-
miathopmoii Ha caiite mporpammbl GeoGebra.

B cBOIO ouepens CTOMT BOIIPOC O TOM, KaK OPTraHW30BATh IPOLECC
MPUMEHEHNUS JaHHOI IporpaMMel B kose. Hanmuane npoekTopa n HOyTOyKa
SBJISTFOTCS] BAXKHBIMU KOMIIOHEHTAMH ISl CO3/IaHNSI HHTEPAKTUBHBIX YPOKOB
MaTeMaTHKH ¢ momolipio mporpammbl GeoGebra. K mpumepy, ¢ moMoIIb0
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HUX MOXHO C YYCHUKAMU HU3YYUTb MaTCpuall YpOKa OTKPBLITHA HOBOI'O
3HaHUA Ha TEMY «Hpe;[MeT CTCPCOMCTPUHU. MHOI‘Ol"paHHI/IKI/I». HOCTpOI/IB
MPOCTPAHCTBEHHBIC (i)I/Il"ypI)I Ky6a, TCTpadapa, OKTasAapa, NHUpaMH/bI,
nujimHapa (PHC.l), a TAK)KE IOKa3aB MO3TAITHOC BBIMIOJHCHUE YEPTEKa B
HUHTCPAKTUBHOM PCIKHUME, Bbl OIITUMU3UPYETEC BPEM YPOKA U 3aUHTCPECYCTC

" e

a

Puc.1. Mogenn 00beMHBIX T€OMETPHUECKUX (PUTYP U MTOITAITHOE TIOCTPOCHHE
KyOa BBITIOJIHEHHBIX B Tporpamme GeoGebra.

Takum 00pa3oM, B XOA€ HCCIENOBaHHSA JAHHOW mpoOIeMbl ObLI
HOJly4eH MaTepHal, aHalu3 KOTOPOro IIO3BOJIAET 3aKIIOYHTh, YTO I
JOCTHXKCHUSA O6paSOBaTeJ'H)HI)IX Heﬂeﬁ 1 BOCIIMTAaHUA BAXHO HCIIOJIB30BaTh
Kak TpaJulIMOHHBIE, TAK U COBPEMEHHbIE MeTOAbl o0ydeHus. [Iporpamma
GeoGebra wmoxxer OBITh MOJE3HBIM HHCTPYMEHTOM MU yIy4IICHHUS
3¢ PEKTUBHOCTH yPOKOB MaTEMAaTHKH, MOBBIIICHUS MHTEpECca ydalluxcsl U
ONITHMU3AIMY 3aTPAYeHHOTO BPEMEHH.

Jlutepatypa
1. Yeborapesa, O. B. Kommbrorepnsiit skciepumenT ¢ GeoGebra / D.
B. Ueborapesa. — Kazanb: Kazanckuii yH-T, 2015 — 61 c.
2. PakomoBa H. A. [TIlemaroruka  COBPEMEHHOM  IIKOJIBI:
ydyeObHOMeTOIMUecKoe mocobue. Butedcek: M3matensetBo YO «BI'Y u. 1. T11.
Mammepoay, 2009. — 126 c.
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di.ko.2018@mail.ru

JUHEWHBIE YPABHEHUS C TAPAMETPAMU

Cpemu Bcero MHOTOOOpa3ws ONMMIHMATHBIX 3aJad C IapaMeTpaMu,
HamOoJee pacpoCTpaHEHHBIMH SBIIIOTCS JUHEHHBIE ypaBHeHus. Ha OI'D
JIEBSTHKIACCHUKH TAaK)KE€ YaCTO BCTPEYAIOT THITOBBIC 3a/IaHUS O JIMHCHHBIX
YpaBHCHHAX C TApaMETPaMH.

W3BecTHO, YTO IIKOJBHUKM NpPU PpEIIeHWH TO0A00HBIX 3ajaadu
UCIIBITBIBAIOT 3aTPYyIHEHUS] B OCTPOCHUHU JIOTUUECKON LENOYKH PEIICHHS.
OHM He Bceraa BUIAT CBSI3b MEXIY Pa3iMYHbIMU dJIEMEHTAMH 33Ja4d U
TEpAIOTCS B JeTalsix. B cBs3u ¢ oTuM Oousibllioe 3HadeHHWe Npuodpena
mpobyieMa paccMOTpEHHsI 3aJaHUuil Ha NPUMEHEHHE TEOPUH JIMHEHHBIX
YpaBHEHHIA C TapaMeTpaMH B IIKOJILHOM Kypce MaTeMaTHKHU[2].

OOyJatomumecs: 3HAKOMSATCS ¢ TIOHATHEM mapaMeTp B § kimacce. CTout
BCIIOMHUTh UTO JIUHEUHbIM YpagHeHueM Ha3bIBAIOT YpaBHEHHE BHIA
ax+b= 0, rne a=0, X — HeussectHOE, &, b - napamempeor. 3HaueHue
napamerpa a= 0 SBISETCS KOHMPOIbHBIM, TIOCKOIBKY B 3TOM CITydae JTHO0
pemienue orcyrcTByer 0-X+b=0,b 0, mubo peunienuem sipsercs aoboe
XxeR,0-x+0=0.

Ha mpakTuke BCTpewaroTcs 3a/1aud, i HEOOXOIUMO HaWTH IIPH BCEX
3HAYCHUAX MapaMETPOB PEIICHHE yPAaBHCHHS WIH 3HAYCHHS MapaMeTpoB,
MIPY KOTOPBIX CHCTEMa IMHEWHBIX YPaBHEHUH MIMEET WIIH HE UMEET PEIICHHH.
PaccMoTpuM Ha npuMepe JaHHbIe TUIBI 3a1a4[1].

IIpumep 1. Tlpm Bcex 3HaUCHHUAX MapaMeTpa a PelInTh ypaBHEHHE

a-x=1.

Pewenue: Ecnu Mbl 3anuiemM

TO COBEPILIUM OIINOKY, TaK KaK IIapaMeTp & paBHATHLCS HYJIIO, @ Ha HOJIb
JIETIUTh HEJb3sl. 3HAYMT HY)KHO 3aIlMcaTh CIEIYIOMINM 00pa3oM y4YHTHIBas
a10T Qakt: eciu a=0 pewenuii nem, NOCKONbKY 8 3A8UCUMOCHU OM X
nonyuumcs HeeepHoe uuciosoe pasencmso 0 = 1, ecau ace a=0, mo
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1 N
Omeem.: Ecmm a=0,T10 X=—, eciu a=0 pemeHuii HeT.
a

Ipumep 2. Tlpu kakux a cUCTeMa ypaBHEHUH HE MIMEET peIIeHI?
ax—ry=a+1
2x+(a+6)y=a+3

Pewenue: BripazuM u3 nepBoro ypaBHeHUs Y u MOACTaBUM BO BTOpPOE
YpaBHEHHE CHCTEMBI:

ax—a-1
_2 2 - 1
2 @
Zx+—(a+6)(zzx—a—l) =a+3

YMHOXHB JaHHOEC ypaBHCHHE Ha 4, PacKpblB CKOOKH W IPHBEIS
MoMOOHBIE, PA3NIOKUM Ha MHOXHTENH 00a KBaJPATHBIX TPEXWICHA,
TTOJTY IHIM:

(a+2)(a+4)x=(a+2)(a+9) (2)
1. Ecmum a#-2 u a#—4 10 ypaBHeHue (2) UIMeeT €JUHCTBEHHOE
a+9
pemeHue X = ——.
a+4

2. Ecm a=-2,10 XeR.

3. Ecm a=-4,ro ypaBHenue (2) mpeBpamiacrcs B HEBEPHOE
yuciioBoe paBeHCTBO 0 = 10 HE3aBUCUMO OT X U IOTOMY HE UMEET KOpPHEH.

Omegem: -4.

W3yuenne 3amaHuil naHHoro tuma B 8-9 Kkjaccax HallelIeHBl Ha
chopMUpOBaHUE OPUCHTUPOBOYHON OCHOBBI ACWCTBHUI IPU PEIICHAH 33134
110 TEOPUH JIMHEHHBIX YPaBHEHHH C MapaMeTpaMu, a TaKKe OHU MOMOTAIOT
yJamuMcsi TIOHUMAaTh B3aMMOCBS3b MEXY Pa3jIMYHBIMH MEPEMEHHBIMU H
OIICHWBATh WX BIHMSHHE Ha pe3ynbraT. Kpome TOTo, B OJMUMMHAILI IO
MaTeMaTHKe BKJIIOYAIOT TaKWe 3aJadd, TOTOMY YTO OHH MOTYT OBITH
WCTIOJIL30BaHBI /ISl 00Jiee MOJHOTO MOHHUTOPWHTA 3HAHUSI TEOPETHUECKOTO
Marepuaia W HWHTEJUIGKTYaJIbHOHW  JIEATeTbHOCTH  ydJalluxcs B
00pa30BaTENIFHOM TIPOIIECCE.

Jlurepartypa

1. Mupommn B. B. Pemenue 3amau ¢ mapamerpamu: Teopust u
npakrtuka / mox pex. B. B. Mupommna. M. : Ok3amen, 2009. - 85 c.

2. Pakonoa H. A. [Ilemarormka  COBPEMCHHOW  IIKOJIBIL:
yaeOHOMeTonuueckoe nocodue. Buredck: M3natenscteo YO «BI'Y u. I1. I11.
Mameposay, 2009. - 126 c.
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ONPEJEJEHUE PEAKIIUI OITP COCTABHBIX
KOHCTPYKIIUHI

Annomayus:  paccmampusaemcs  onpeoenenue  peakyuii  Onop
COCMABHBIX KOHCMPYKYULL

Kniouegvie cnosa. counenennas cucmema, CmamuiecKu onpeoeiennbie,
cmamuyecKy Heonpeoeiennble, Memoo pacuieHenus, onopa

IIpu pacuere cOYJIEHEHHBIX CHCTeM (COCTaBHBIX KOHCTPYKITH)
BO3HHKACT HEOOXOIMMOCTh OIpEIAC/ICHHs peakuuii B omopax. Ywcio
HEM3BECTHBIX pEAaKIUH 3aBUCHUT OT HAJOXKEHHBIX CBs3eil (BHEIIHHE,
BHYTPEHHHUE).

CouleHEeHHBIE CHCTEMBbI JETISITCS Ha!

- CraTuveckn onpeneaumble: Hen3BeCTHBIX peaknyii MEHBIIE, YeM
HE3aBHCHMBIX yPaBHEHHUH CTATHKH.

- CraTnyecku Heonpeaeaumble: Henm3BecTHBIX peakiuii 6ompiie, 4eM
HE3aBHUCHMBIX yPaBHEHUH CTATHKH.

Jis pemieHus 3aqad COWIGHEHHBIX CHCTEM HCIONB3YIOT MeTOAbI
pacusieHeHus .

PacueT peakuuii onop B COCTABHBIX KOHCTPYKIMAX:

ITocTpouTh ympoIIeHHYIO CXeMy € yKa3aHHEM Harpy3oK, pa3MepoB H
omniop. OTOpOCHTH BHENIHHWE CBSI3W W TOKa3zaTh ux peakiuu. CocTaBUTh
ypaBHEHHE paBHOBeCHsI CHCTeMBl. OTOPOCHTH CBS3M BHYTPU CHCTEMBI U
paccMOTpeTh 4YacTH KOHCTPYKIUHM OTAenbHO. COCTaBUTh ypaBHEHUS
paBHOBecHsl AN dYacTell KOHCTpyKUuH. Pemurs Bce ypaBHEeHUs s
ONpENEeNeHUs]  HEU3BECTHbIX  peakuuil. IIpoBepuTh  MpPaBUILHOCTH
pe3yabTaTOB, NOJCTABUB Hall/[eHHbIE 3HAUEHUS B YPABHEHHUSL.

Hanpumep, 11 npon3BoJIbHON MIOCKOH CHUCTEMBI CUIL, eHCTBYIOIEH
Ha COCTaBHYIO paMy C IByMsl OCHOBaHMAMU A u B, a Taxke mapHupom
BBEPXY paMbl COCIMHSIOIIMN NpPaByI0 M JIEBYI0 YacTH pambl, MOXHO
COCTaBUTH TOJBKO TPW HE3aBHCHUMBIX YPaBHEHHS PAaBHOBECHS, B KOTOPHIE
OyIyT BXOIUTH YeThIpe Hen3BecTHBIE peakiuu Xa, Ya, Xg u Yg. OmgHaxo,
JaHHas 3a/ada He SIBISIETCS] CTaTHYECKH HeompeneneHHoW. Hemocraromme
YpaBHEHHsS DPaBHOBECHS MOXKHO IONY4IHTb, €CIH JONOJHHUTEIHHO
paccMOTpPETh pPaBHOBECHE KaKOH-TMOO dacTH JaHHOW KOHCTPYKIUH,
Hanpumep, JeBod. CocTaBisisi  ypaBHEHHs  paBHOBECUS  ILIOCKOM
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MPOU3BOJILHON CHCTEMBI CHJI, NCHCTBYIOIIEH Ha JICBYIO 4YacTh pPaMbl,
MOJIYYHM €IIe TPU YPaBHEHUS, KOTOPBIC OyIyT COJIEPIKATH TOJIBKO JBE HOBBIC
HEU3BCECTHBIC peakuuu Xc U Yc. Takum 00pa3oM, Bcero OyJeT COCTaBIICHO
IIECTh YPaBHCHUN PABHOBECHSI C IIECThIO HEM3BECTHRIMU Xa, Ya, Xg, Yg, Xc
u Yc. CrnenoBaTtenpHO, TaHHAsI 3a]1a4a SBJISICTCS CTATHYCCKH OTPEICICHHOMN,
a pacCMOTpEHHas COCTaBHAas pamMa - CTaTHYECKH OIPEISIUMOH.
Hcnonb30BaHHbIl NpU pEUIEHUM [JAHHOW 3aJaud I[pPUEM HAa3bIBAETCS
METOJIOM PacCUJICHEHHS.

Temo AC:
)Y Fyx =—Xc+X, —P-cosa=0;
2) Y Fyy =Y.+ Y +P-cosa =0;
3) X Mz(Fx) =Mz +M+P-cosa-b+Xc-b—Y,-a=0;
Temo BC:

=1 a

HY M(Fy) =—Q 5t Ra-
B) X My(Fx) =Y a+Q-
6) Y. Fxx =X — G =0.

Perraem cucteMy IIeCcTH ypaBHEHHH C IECThIO0 HEU3BECTHBIMH, a TTOCIIE
BBIYMCJICHUH ClielyeT IIPOBepKa.

B kypcoBoii paboTe u3ydeH METOJl OMpEeNeCHHS PEaKIuil Omop
COCTaBHBIX KOHCTpYyKImid (0anok, pam, ¢epm). Paspabotansl MeTOHBI
pacueTa peaknuit IUIst KaXI0H U3 HUX, pACCMOTPEHBI PIMEPHI PacyeToB.

JocTurHyThIe TIeTH paboThL:

W3ydeHsI TeOpeTHYECKHE OCHOBBI OTIPEICIICHUSI PEaKIHIA OTIop.

Pazpabotansl MeTOmBl pacdeTa peakuWid Ui Pa3IHNYHBIX THIIOB
KOHCTPYKLIUK.

[IproOpeTeHpl IPAKTHUESCKUE HABBIKU pacueTa Peakiluii omop.

IlosyyeHHbIC 3HAHUS W HABBIKM MPHUIOIATCS B NMPOCKTUPOBAHHH M
AQHaAJIN3€ COCTABHBIX KOHCTPYKIIMM.

v K

JluTeparypa

1. Kymuna JL.UW., TaspumoB A.A. Merogumueckoe yKa3aHUA
«Ompenenenye  peakuuil  omop  COCTaBHOM  KoHCTpykuum». loc.
VYuusepcuret, OpenOypr. — 2013.

2. CapenbkaeB C.B., TancueB A.Il., M.b. YctioroB «MexaHuKa.
Teopernueckast mexanuka» [OY BIIO Cubupckas I'ocynapcrBeHHas
I'eonesnueckas Axanemusi, HoBocubupck. — 2009.

3. XamuroB A. CnpaBouHuK oT aBTOp24 «OmnpeneneHnue peaxkuuit
OTIOp COCTAaBHOM KOHCTPYKIIMU: CUCTEMA JBYX TeID» [ DIEKTPOHHBIA pecypc].
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METOAHNKA ITPENOJABAHUMSA OBPATHBIX
TPUTOHOMETPUYECKHAX ®YHKIIAN B IKOJIbHOM KYPCE
MATEMATHKH

Hayka 00 oOpaTHBIX TPHUTOHOMETPHYECKNX (YHKIHAX SBISCTCS
CYIIIECTBEHHOH TEMOMW, XOTSI M HECKOJBbKO HM30JIMPOBAHHOI OT OCTaJIbHBIX
paznmenoB Kypca anreOpbl. [lpy momomm apkcuHyca, apKKOCHHYcCA,
apKTaHTeHCa M apKKOTaHIeHCa YIAaeTcsl M3J0XKHUTh MaTepHall O peIIeHUU
TPUTOHOMETPUUECKUX YPABHEHHUH Y HEPABEHCTB.

OOpaTrHble TPUTOHOMETpHYECKHE (YHKIMH — OTO HOBBIH BUJI
TPaHCLEHJCHTHBIX (YHKIHMHA, N3y4eHHE KOTOPBIX CHOCOOCTBYET Pa3BUTHUIO
JIOTUYECKOTO MbIIUIeHHs. VM mpu BeIMHUCIEHHH 3THX (QYHKUUE TpeOyercs
yYMEHHE ITPOU3BOANTH CJIOXKHBIE BEIYHUCIICHHS, IPEe0Opa30BaHMs, IPH 3TOM HE
MOTEPATHCS B OonbimoM KosmdecTBe (opmyn. OcobeHHOCTh 0OpaTHBIX
(yHKIMIA 3aJI0)KeHA B WX Ha3BaHWE — OHH SIBIAIOTCS OOpaTHBIMHU II0
OTHOIIIEHHIO K OOBIYHBIM (DYHKIUSIM TPUTOHOMETPHH.

Tema «OOpatHble TpurOHOMeTpHYeckue (GyHKIwM» u3ydaercs B 10
KJlacce u 1o oosemMy BechMa HachlieHa. A.I. Mopakosuy [1] roBopur, 4ro
n3ydeHHe OOpaTHBIX TPUTOHOMETPHUECKHX (QYyHKIHUI obierdaer paboTy c
YHCIOBOW OKPY’KHOCTHIO, HA KOTOPOM HAarisgHO BUIHO, KaK OMPEACIATh
TPUTOHOMETpHUUeCKHe GYHKIMK U 00paTHbIe K HUM. OH TaK e yTBepkKaaer
0 «TpeX KUTaX TPUTOHOMETPUI» — ATO YHUCIIOBasi OKPYKHOCTb, IPOCTEHIIINE
TPUTOHOMETPUYECKHE YpaBHEHHMS W TeOpeMa CJIO0XKEHHS, KOTOpHIe
HEoOXO0AMMO 3aJIOKHUTh B OCHOBaHHWE pazjena. OH MIMPOKO HCIIOIB3YeT
HarJIAHOCTb, NIpeyIaras y4almumMcs KpacouHble rpaduecKre WUTIOCTpanu
(yHKIMIA 1 nX cBOMCTB. BaxkHOE MecTo 3aHNMaeT pelieHre pasHo0OPasHBIX
3aj1a4, HAIPaBJICHHBIX Ha ()OPMHUPOBAHHE NMPAKTUUECKUX YMEHUH U HAaBBIKOB
paboTHI ¢ OOPAaTHBIMH TPUTOHOMETPUUECKUMH (DY HKIUSIMH.

Ocoboe BHUMaHHE MopakoBu4 yIensier JIOTUYECKOH
MOCJIEI0BATEIEHOCTH N3yYEHUs TEMBI, TIIATEIFHON MPOpPabOTKe OCHOBHBIX
MOHATHIA U MeToZI0B. OH Tarke MpuMeHsieT TUQPEpEeHIIMPOBAHHBIN MTOAXOI,
npeuiaras 3aJaHus pa3HOTO YPOBHS CIOKHOCTHU IS yYaIIUXCS C Pa3HBIM
YPOBHEM MOJTOTOBKH.

W3zyuarorcst onpenencHnss 0OpaTHBIX TPUTOHOMETPUIECKUX (hYHKIMHA:
y = arcsinx, y = arccosx, y = arctgx, y = arcctgx, ux rpaduku, od1acts
OIpe/IeJIeHUs, MHOXECTBO 3HA4YE€HHH, MOHOTOHHOCTH, HENPEPHIBHOCTS,
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OrpaHMYEHHOCTb, HAaHOOJbIIee U HAaNMEHbIIEe 3HAYCHUs, PHOOPETatoTCs
HaBBIKM  TOXJIECTBEHHBIX IPe0Opa3oBaHM, COJCpKAIIUX OOpaTHbIE
TPUTOHOMETPUYECKHE (PYHKIMU, OCHOBHBIE COOTHOLICHUS MEXIY HUMH.

B yueOnmke Bunenkuna H.S. [2] 3HakoMCTBO 0OpaTHBIM
TPUrOHOMETPUYECKIM (PyHKIMSM HaunHaeTcs B Tiiase 6 (c. 294). K momeHTy
N3y4eHUs] OOpaTHBIX TPUTOHOMETPHYECKHX (YHKIWH, ydammumcs YiKe
3HAKOMBI ONIPEIETICHUS: «HETpephIBHASA (GYHKIHUA», «0OpaTHast QyHKIUS» U
«MOHOTOHHAS (QYHKIMD» yMEIOT pad0TaTh C EANHUIHON OKPYKHOCTBIO.

OOpatHBIe TPUTOHOMETPUUECKHE (PYHKITUHN JaHBI B aCIIEKTE PEIICHHS
TPUTOHOMETPUYECKUX YpaBHEHUH. [ pemenns ypaBHeHHs BHOa Sin(X)=t
paccMaTpHBaeTCsl KOOpAMHATHAS OKPYXXHOCTb, HAa KOTOPOH HEeoOXoammo
HaWTH TOYKU C OpPAUHATOM t, T.€. TOUKU IMEPECEUEHUs NMPSAMOH y = m ¢
OKPYKHOCTBIO.

1) ecnu |[m|<1, To MOJy4YarOTCS JABE TOYKHU MEPECCUCHNUS;

2) eciu |m|=1, TO O1Ha TOYKa MEpECEUCHUS;

3) eciu |[m[>1, TO TOYEK MEpECEUCHUs HE CYIIIECTBYET.

[Mocne HaXOXKAEHHUS MHOXKECTBA TOYEK, KOTOPHIM OHO COOTBETCTBYET,
MoJIy4aeM pemieHre YpaBHEHH sin(X) = t.

MeToauKH MpernoaBaHus 0OpaTHBIX TPUTOHOMETPUYECKUX (DYHKITHH,
paspaboranHele BuneHknHBIM M MOpAKOBHYEM, JIOKa3aJdH CBOIO
3¢ GEeKTHBHOCTh B IIKOJBbHOHM mpakTHke. OHH TIryOOKO mpopadaTHIBAIOT
TEOpETHYECKHE OCHOBBI M TPEJIaratoT HEeJOCTHBIE CHCTEMBI YIPaXKHEHHH,
MIOMOTAIOUIMX YYalIUMCs YCBOUTD JAHHBIN pas/iesl IKOJIbHOH MaTeMaTHKH.
Hcnonb3oBaHue 3THX METOIMK IO3BOJISIET MOBBICUTH KauecTBO 3HAHUI
yyalMXcsi U UX HHTEPEC K M3YyUSHUIO OOpaTHBIX TPUTOHOMETPHUYECKUX
¢bynkuuii. Bo Bcex paccMarpuBaeMbIX Y4eOHBIX OCOOMSX, JIaHBI
OINpEeJeICHUs] apKCUHYyCa, apKKOCHHYCa, apKTaHI'®HCAa, AapKKOTaHI'eHCa
yucna. [lo OKOHYAHMM H3Yy4eHHs KaxIoro maparpada mnpeasararoTcs
TIPUMEPBHI JUIs 3aKPEIUICHNUS TTOJTyYSHHBIX 3HaHUH. VIX METOANKN UMEIOT Psl
o0mux yepr. OHM 00e OCHOBaHBI Ha IO3TAHOM (OPMUPOBAHUH HMOHSTHI
00paTHBIX TPUTOHOMETPUUYECKUX (DYHKIHMH, C aKIIEHTOM Ha HarJISTHOCTH U
MIPAaKTHYECKOM PUMEHEHUH.

Jlurepartypa

1. Mopakouy, A.I. Meroaudueckue TpoOSEMBl  M3Y4EHHS
TPUTOHOMETPHH B 00meo0pazoBaTeabHOM mKoie / MaTeMaTuka B IIKOJE.
2002. - Ne 6. - C. 32 -38.

2. Anrebpa W Havajga MareMaTH4YecKoro anammsa. 10 Kkimacc.
Yriyonenuslii ypoBeHb. / Bwnenkwn H.f., HBames-MycatoB O.C.,
IBapuoypa C.1. — M.: Muemo3suna, 2019 — 313 c.
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METOIUKA ITPEIIOJABAHUA TOTAPUOMHUYECKHX
®YHKIHNHU B LIKOJIbHOM KYPCE MATEMATHKHA

Tema «Jlorapudmey, SBISIOMIEHCS OTHONW M3 BEAYIIUX TEM B Kypce
MaTeMaTHUKH CpENHEH INKONBI, SABISETCA YKOPEHMBIIEHCA, HO OYEHb
HETIPOCTO AAIOIIEHCS yJauMcesl n3-3a oJadl MHOT000pa3us MaTepraia. B
HIKOJIBHOM Kypce «Anrebpa 1 Haualla aHaJIH3a» yJaliecs CUCTeMaTHYeCKU
M3Yy4aloT MOKa3aTeNbHYI0 U JorapupMu4yeckyro (YHKIMHM M HX CBOWCTBA,
TOXKICCTBCHHBIC npeo6pa301saH1/151 J'IOFapI/I(bMI/I‘IeCKI/IX N TI0Ka3aTCIbHBIX
BBIPAKEHUM U UX IPUMEHEHUE K PELICHUIO0 COOTBETCTBYIOIIUX YPABHEHUN U
HCPABCHCTB, 3BHAKOMATCA C OCHOBHBIMU NOHATUAMU, YTBECPKIACHUSIMU.

Jns ycnemHoro oBnaieHMs MaTeMaTHMYECKOM CUCTEMOU 3HaHWM, Ha
ypOKax HEOOXOAWMO yHAENATH JOCTaTOYHOC BHHMAHHE PEIICHUIO
norapuMUIEecKnX ypaBHeHHH. [Ipu yclIOBHM HCIIONB30BAaHHUS Ha YpOKax
ONpPENENEHHBIX IPUEMOB, KOMIUIEKCA YHPaKHEHUH M 3a1ad, KOTOpbIE
HanpaBjeHbl Ha TPOOYXXIEHHE WHTEepeca K MaTeMaTHKe INpH OO0ydeHUH
YKa3aHHOM TeMe, y IIKOJbHUKOB MOSBISIETCS 3aMHTEPECOBAHHOCTh K €€
U3yUYEHHIO.

Hpyras cioxHOCTb, CBA3aHHAas C W3YyYE€HUEM JAHHOW TEMbl, BbI3BaHa
OTBEJICHHEM MaJIoro KOJIMYeCTBAa YacOoB Ha €€ H3ydeHHEe Ha OCHOBAaHUU
OI'OC COO, Berynuiuero B cuity 28 asrycra 2022r.

TpeboBauust PI'OC 00ycnoBIeHB! TPEMS COCTaBISIONIUME YCBOCHUS
npeaMera «MaTemaTuKay:

1. OGecrieueHne LEHHOCTHOH OpHEHTAalMM OOYYaIOIIMXCs, 3HAHHE
MOpAJIBHBIX HOPM U YMEHHE UM CIIe€JJ0BaTh PaBAUBOCTb, OTBETCTBEHHOCTD,
BOCIIUTAHHE OTHOIIEHMS K MaTeMaTHKe KaK K 4acTH oOliederoBeyecKoit
KyJIbTypBl, HWrpamomeid ocobyro ponbs B OOIIECTBEHHOM pPa3BHUTHH,
(hOpMHPYIOT JINYHOCTHYIO COCTABIISIONIYIO YUCHHKA.

2. O6ecnieyeHne OpraHn3ayy yueOHOH AesTeIbHOCTH: TNIaHNPOBaHKE,
KOHTPOJb, IENeNojlaraHie, CaMOPETYJSAIHsA, OTCTauBaHWE CBOCH TOYKU
3peHHs, YMEHHE NPHUBOIUTH AapryMEHTHI, MOATBEpPXKOass HUX (aKTaMH,
(hopMHUPYIOT METaNIPEIMETHYIO COCTABIISIONIYIO YICHHKA.

3. [IpumMeHeHne B pa3IMuHBIX CUTYyalUsIX YMEHHUH, OCBOCHHBIX B XOJIE
M3y4eHUs! yueOHbBIX MPEIMETOB, (YOPMHUPOBAHNE HAYYHOTO THITA MBIIUICHHUS,
BIAJ€HHNE MAaTEMAaTUYECKOM TEPMHHOJOTHEH, METOJaMH M IpHEeMaMu
(hOpMHPYIOT IPEIMETHYIO COCTABIISIOIIYO.
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CHUCTEMHO-eATEIbHOCTHRIM MOJIXOA SBISETCA METOAOIOIMYECKOi
ocHOBOW cranmapra. OH o0ecre4MBacT NPOEKTHPOBAHHME pa3BUBAIOIICH
o0pa3zoBaTenbHOM Cpenbl 00pa30BaTENbHOTO YUPEXKICHHS M aKTUBHYIO
MI03HABATENBHYIO JESITEIBHOCTh 00yUYaroIuXCs.

PaccmarpuBas HbIHE CyIIECTBYIOIIUE NPOrpaMMBbI 10 MaTeMaTHKe, Ha
H3yYeHHE JIOTapu(pMOB U JorapupMuUecKod (QyHKIHH B CpeAHEH IIKOIe
OTBOJUTCS pa3HOE MECTO B Kypce anreOpsl M Hadasl aHanu3a 11-ro kmacca.

1. Cucrema  ympaxsennn  «TepmuHsl u  moHATHs». Ha
PEenpONyKTHBHOM ypoBHe, aBTopsl Mopakosuu A.I'., n Bunenkun H.A., B
CBOUX Y4EOHHKaxX MPUBOJISAT JOCTATOYHO OOJBINOE KOJINYECTBO PA3TMIHBIX
3aJaHUi Ha OTPaOOTKY OCHOBHBIX TEPMUHOB M MOHITHH, HEOOXOANMBIX AJIS
n3ydenus Jorapudmuueckoit ¢pynkiuu. Apropsl Mypasun I'.K., lopodeen
I'B., KonmoropoB A.H. n bammako M.U., Tak ke B cBOMX yueOHHKax
NPUBOST  JIOCTATOYHO OOJIBIIOE KOJIMYECTBO PA3IMYHBIX 3aJaHuil
MIOBBIIIEHHON CIOKHOCTU Ha OTPabOTKY OCHOBHBIX TEPMHUHOB M IOHSITHH,
HEOOXOAMMBIX JUIS M3y4eHHs Jorapupmuueckoid (GyHKuuM, oT 06a3oBOro
YPOBHSI 3aJJaHHS OTIIMYAIOTCS MOBBIIICHHOH CI0XKHOCTBIO.

2. Cucrema ynpaxHeHuil «TeopeTmueckue 3HAHUS» Yy Pa3IHIHBIX
aBTOPOB Ha 0a30BOM M NPOQHIEHOM YPOBHSX 3HAUUTENHHO OTJIMYAIOTCS.
Tak npm 06a30BOM H3Y4YEHUH, ABTOPHI MNPEAIAraloT ydyalluMcsl 3a/laHus
PENPOAYKTUBHOTO U alTOPUTMHUYECKOTO YPOBHEH Takne Kak: BBIUHMCIICHHE,
rocTpoeHue rpaduka GYHKIUH, CPAaBHEHUE YHCENl, PEIICHUE CUCTEM U T.JI.
Ha npodunbHOM e aBTOpBI MPEAIaraloT 33/laHus 3HAUYUTEIBHO CIIOXKHEe,
HaTpuMep, UccieroBaHne Tpaduka QyHKINN, HaX0XKICHHE HaHOONIBIIETO U
HaMMEHBLIEr0 3HaueHHs (YHKIWM, pElIeHWe YpaBHEHHH W HEPaBEHCTB
rpa¢puUecky, a TakKe BBIUHCICHHS, TpeOylomue 3HAaHWH CBOWCTB
JorapugpmMoB.

3. Cucrems! ynpaxkHeHui «HaBBIKH TEOPETHUYECKOTO OOOOIIECHUS U
peLIeHus 3aa4» MOXKHO CKa3aTb, YTO NMpH 0a30BOM M3YUEHHH NPHBOASATCS
3aJ]aHusl TOJBKO IOBBINIEHHOW CIIOKHOCTH, 33JaHus e, KOTOphIE UMEIOT
CBSI3b JIOTapU(MHUIECKOH U ITOKa3aTeNbHOM (DYHKIMI TPUBOJIATCS TOJIBKO Ha
npoduIbHOM ypoBHE. B OCHOBHOM Takue 3a/laHHs CBSI3aHBI C TOCTPOSHUEM
U ucciienoBanreM rpa¢ukoB QyHKIHKA. Camu ke TBOpUYECKHE 3aJaHus TakK
K€ IPUBOAATCS TOJIBKO Ha MPOQHUILHOM YPOBHE U3YUEHHUS.

Jlorapudmuyeckre ypaBHEHHS — OJHAa W3 OCHOBHBIX TEM Kypca
MaTeMaTHKHU CpelHed Kokl E€ 0coOOeHHOCTh 3aKII04aeTcs, BO-TIEPBhIX, B
TOM, YTO OHA HE TAHETCS Ha IPOTSDKEHUH BCEro 00yUeHHs, a H3y9aeTCs JINIIb
B 11 xmacce. Bo-BTOpBIX, 3TOH TeMe CTOUT yAEIUTH OOJBIIIOC BHUMAHHE,
Benb  OONBMIMHCTBO  3amaHwii EID 1o  MaremMaTWKe  COAEPIKHT
Jorapu(MUUeCKre ypaBHEHHS. OTO OTHOCHTCS Kak K pabotam
poQHIBHOTO, TaK ¥ 6230BOTO YPOBHS
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1. Ammmos II.A. Anrebpa n Hagama MaTeMaTHdecKoro anaimsa. 10-
11 kmaccer: y4e0. mns oOmeoOpa3oBaT. YUpeKIOCHUIH: 0a30BBIA YPOBEHB/
II.A. Ammvos, FO.M. Komsarur, M.B. TkaueBa u ap. — 18-e m3x. - M.:
IIpocsemenmne, 2012. — 464 c.: un.

2. Bwenkun H.f. Anrebpa u Hadana MmaremMaTuueckoro aHanuza. 11
Kiacc: yued. st obmeodpasosart. yupexaenuii / Bunenkun H. 4., MBames-
Mycaros O.C., HIBapudypn C.1.- 30-e uzn.,crep. — M.: Muemo3suna, 2014.
—288c.: u.
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b® YVYHuT r.bupck,Pb
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nabiullina21042004@gmail.com

UCCJIEJOBAHME JIBUKEHUS MEXAHUYECKOM CUCTEMBI
C IBYMs CTEIIEHAMU CBOBO/1bl

AnHoTauus: JlaHHas cTaThsl paccMaTpuBaeT Ba)XXHOCTb H3YUYECHHS
JIBIDKCHUS MEXAaHWYECKOW CHCTEMBI C JBYMS CTEICHAMH CBOOOABI B
Pa3IMYIHBIX 00NACTAX WHKEHEPHUHU U HayKu. OTHcaHbl OCHOBHBIC YPaBHEHUS,
HEOOXOIUMBIE TSI aHAJTN3A TAKUX CHCTEM.

KitroueBbIe ci1oBa: MEXaHUKa, CTENICHb CBOOOTBI

JIBMKeHHE MEXaHMYECKHX CHCTEM C JBYMS CTEMEHSMH CBOOOJBI
HaXOJUT MPUMEHEHNE B Pa3IMYHBIX 00JaCTSIX MH)KCHEPUH U Hayku. Takue
Kak:

ABuanus ¥ aBUallMOHHAs TeXHHUKA: B a’pompocTpaHCTBE ABH)KEHUE
MEXaHWYECKUX CHUCTEM C JBYMsI CTENEHSIMH CBOOOJBI MOXET OBITh
WCTIIONb30BAHO JUII  MOJENHMPOBAHMS JMHAMHKH IOJIeTa OOBEKTOB,
YIIpaBJIEHUS paKeTaMH, MAHEBPUPOBAHMS U IPYTHUX 3a]1a4.

ABTOMOOWJIbHASL TMPOMBIIUICHHOCTh: B  aBTOMOOWIBHOH OTpaciu
MEXaHUYCCKUE CHCTEMBI C IByMs CTEIICHSIMHU CBOOOIBI MOTYT IPUMCHSTHCS
JUIE  MOZCTUPOBaHUs pabOTHl IMOJIBECKHM aBTOMOOWJIEH, a Takke s
YIIpPaBJIEHUS KOJIECAMHU U PYJIEBBIM YIIPABICHUEM.

PaccMOTpUM MEXaHUYECKYHO CHCTEMY C JBYMs CTCIICHSIMH CBOOOJIBI.
OT0 03HAYAET, UTO JUIS ONMCAHUA MOJOXKCHUS CHCTEMBI HEOOXOIMMO 3a1aTh
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JIBC HE3aBHCUMBIX KOOPIUHATHL. Takas CHCTeMa MOXKET OBITh IPEACTaBICHA
B BUJIC JBYX MaTCpUAIbHBIX TOUCK, B3aMOICHCTBYIOIINX MEXITY COOOA.

JIJis M3y4YeHUs IBHXKCHHS MEXaHHUYCCKOU CHCTEMBI C ABYMS CTCIICHSIMU
cB00OIBI HEOOXOIUMO COCTAaBUTh ypaBHCHHUs ABIOKeHHS. OHU MOTYT OBITh
MOJYYCHBI C WCIIONh30BaHUEM TpuHIMIA a'AnamOepa W ypaBHCHUUN
Jlarpamxa. [lpuanun a'Amambepa yTBep)KAaeT, YT0 CyMMa MOMEHTOB BCEX
BHEIIHUX CWJI M BHYTPCHHUX PEAaKIUH OTHOCHTEIHHO HEKOTOPOIl TOUYKH
paBHa TPOWM3BOAHON IO BPEMEHH OT MOMEHTa WMITYJIbCAa CHCTEMBI
OTHOCHTENBHO TOM K€ TOUKH.

CornacHO yKa3aHHOMY MPUHIIUITY, B OTHOIICHUN KaXKIOH i-TOH TOYKH
CHUCTEMBI, CTAHOBUTCS BEPHBIM paBeHcTBO: F; + N; + J; = 0, rze:

F; - AKTHBHO BO3JICHCTBYIOMIAs Ha Ty TOUKY
cuia,

N; — peakuus CBsI3H, HAIOKEHHOH Ha TOUKY;

Ji— cuna HHepLUH, onpenenseMas bopmyoit
J; = —m;a; (oHa HampaBleHa MPOTUBOIOJIOKHO 3TOMY YCKOPEHHUIO).

VYpaBuenus Jlarpamka TIO3BONIIOT HAWTH YpaBHEHHUS JBHKCHUS
CHUCTeMBI B 00IIeM BHAe, UCIONB3ysS QyHKIuio Jlarpamka. Dta (yHKIUS
ompenenseTcss Kak Pa3HOCTh KWHETHYSCKOH W IMOTEHIMANBHON SHEpPruu
CHUCTEMBI. YpaBHenus Jlarpanxa 3aIIACBIBAIOTCS B BUJIE
nuddepeHIuanbHbIX YPAaBHEHUH BTOPOTO IMOPsAKA, KOTOPHIC OMUCHIBAIOT
JIBUKEHHE CHUCTEMBI B 3aBUCIMOCTH OT BPEMEHHU.

d (aT) oT _
dt\daq,) 0dq, Qu
d (OT) oT _
dt\ag,) dq, Q2

B ciryuae ecnu cucrema siBisieTCsl KOHCEPBATUBHOM (T.€. BCE aKTHBHBIE
CUIIBI, JEHWCTBYIOIIME HAa CHCTEMY, SIBISIIOTCS MOTEHIHUAIbHBIMHU), TO
ypaBHeHHs Jlarpanka BTOpOTro pojia Jisl TaKOH CUCTEMBI OyIyT UMETh BT

d(aL) JL _ 0
dt\dq,) adq,
d(aL) oL _ 0
dt\dq, a(h_

Takum 06p8.30M, N3Y4YCHNUE NBMKCHUA MEXAHUYCCKUX CUCTEM C IBYMA
CTCIICHSIMH CBOOOJIBI SBIISICTCS BaKHBIM BJICMCHTOM TeOpeTH‘ICCKOfI
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MEXaHUKH. DTO MO3BOJISAET MOHATH OCHOBHBIC 3aKOHEI JBMXKCHHA CUCTCMBI U
MnpeackKa3atb €€ IMOBCACHUC B Ppas3IMYHbIX YCJIOBUAX. B panpneimem
Ppe3yJIbTaThl UCCIIEAOBAHNA MOTYT OBITh MPUMCHCHBI JI1 IPOCKTUPOBAHUA U
yapaBJI€HUA pa3sIndYHbIMU MEXaHUYCCKUMU CUCTCMaMU.

Jlutepatypa

1. PacoBckuii M.P., PycmnoB A.Il. Teopermueckas MeXaHHKa W
MeXaHHUKa CIUIOIIHBIX cpea: Kypce sekmuit. OI'Y, 2011.

2. MycamumoB B.M., Ceprymmu II.A. AHanurudeckas MeXaHHUKa.
VYpasuenue Jlanrpamka BToporo ponma. Cobomneie komeOanms. CIIOIY
HUTMO, 2007.
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bensies I1.J1., kano. guz.-mam. HayK, OoyeHm
Nail88337@gmail.com

MPUJIOKEHUE MATPUUYHOM AJTEBPHI K PEIIIEHUAIO
MATPUYHbBIX YPABHEHU

B kypce nuHelHHON anreOpsl pacCMaTpUBAIOT TaK Ha3bIBaeMBIi pazen
«Anrebpa MarpuIpy, B YaCTHOCTH MaTPUYHOE YPaBHEHHE IIPEJICTABIISIET
co00il ypaBHEHHE, B KOTOPOM MAaTpHIBI UIPAIOT POJIb MEPEMEHHBIX WU
k03¢ dunuentos [2].

OObBIYHO TakWe ypaBHEHHs 3amuchiBaroTcs B Buae AX=B, rme A -
MaTpuiia ko3 duineHToB, X - MaTpHila HEU3BECTHBIX, U B — MaTpuIiia kakux
— TO 3HauYeHWH. PemeHne MaTpUYHOrO YypaBHEHUS 3aKJIIOYacTCs B
HaxXOXXICHHWE MaTpumbl X, yAoBiIeTBopsitomed ycioBuio AX=B. s
peLIeHUst MAaTPUYHBIX YPABHEHUH MPUMEHSIOTCS Pa3IMyHble METO/bI, TAKHE
KakK MeTojl 0OpaTHOW MaTpuIibl, MeTo]] ['aycca u pyrue cropcoObl peleHus
CHCTEMBI JINHEHHBIX YpaBHEHHUH. Vcronb30BaHue 3THX METOJIOB IIPUBOJIHT K
PELICHUI0 CHCTeM JIMHEWHBIX YypaBHEHHMH [Uisi CTOJONOB WM CTPOK
HeusBecTHOW MaTpuupbl. s ypaBHeHus (*) 4AX = B BO3MOXXHBI CIIEIYIOIIIE
OCHOBHbIE CITy4YaHu:

1). YpaBHeHHe HE MMEET PEICHUs: MaTpHLa A UMeeT pa3Mepsl m XN,
matpuna B umeet pasmep rxs u m # r, a Takxke M = r, Ho rang(A) < rang(A
| B), roe rang(A) —4uciio TMHEHHO HE3aBUCHUMBIX CTPOK, MATPHULBI 4 .

2). YpaBHeHne umeeT 6ECKOHEUHOE MHOXKECTBO PEIICHHMI: MaTpuIia 4
UMeeT pasMepsl m Xn, Matpuua B umeet pasmepsl m xs u rang(A) = rang(A|
B) < n*).

3). YpaBHeHHe MMeeT €AMHCTBEHHOE pelIeHHe: Marpuna A HUMeeT
pasmep mxn, marpuiia B umeet pasmep mxs u rang(A) = rang(A| B) = n; B
YacTHOCTH, ecii 4 W B - xBajgpaTHble Marpuusl N-ro mopsiika U A -
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HEBBIpOXK/IcHHAs MaTpuia T.¢. det A#0, B aTom ciyuae ypaBHenue AX = B
UMeET eIMHCTBEHHOE pentenne X = A1B.

PaccMmoTpuM B kKadecTBe TipuMepa MatpuaHoe ypasaerne AXB = C (*)
rae A, X, B u C — coriacoBannsie Matpuilel mxn. Ilepeiigem Kk pemieHuto.
Haiimem oOpatHyto matpuiry k Marpume A. Ecom oHa KBagpatHas u
HEBBIPOKIEHHAS MaTPHIa, TO JUIS HEE CYLIECTBYeT obpaTHas Matpuna 4L,
Ecmu ke 4 - He KBagpaTHas, a MPAMOYTOJIBHAS m XN MaTpUNa (m#n) Win
KBajpaTHasi, HO BEIPOXJICHHAs, TO MaTpulla A He UMeeT 0OpaTHOW M CUMBOJ
A1 He wumeer cmbicia. OnHAKO, Kak Oyzmer moka3aHO pgaiuee, Ui
MIPOU3BOJILHOI PSMOYTOJILHOM MaTpHIbl 4 CYIIECTBYET «IICEBI000paTHasD
Mmarpuna A*, Kotopas o0NagaeT HEKOTOPHIMH CBOWCTBAMU OOpaTHOM
MaTpUlbl W HUMEET BAXKHBIE INPUMEHEHHMS NpPU pEIICHHH MaTPUYHBIX
ypaBHeHHH. B ciydae, korma 4 - KBagpaTHas HEBBIPOXKACHHAS MaTpuUIa,
ncesnooOparHas Matpuna A* cosmazaer ¢ obpatnoit Al. Jlnsa pemeHue
YpaBHEHHH 3a MECTO KBaJpaTHOM MapHIsl JaHa IPOHU3BOJIbHAS
npsiMOyrojibHas MaTpuuna D koropbwlit mmeer pasmep mXn, OOBIYHO 1O
YMHOXKAKOT 000M 4acTH YPaBHEHHS Ha TPAHCIIOHMPOBAHHYIO Matpuiry DT
KOTODBIA HMEET pazMep 7 Xm TIPH IPOM3BEACHHE JABYX 3THX Matpun DD =
F xoropoii Oynet siBisercst KBagpaTHOH. Ji1 3TOro HalaeM OmpenenuTeNb
Mmarpuisl A. CHavaja, HEPEeMHOXHM OJJIEMEHTHI CTOSIME Ha TJIaBHON
JMarOHAJIM ¥ BBIYTEM IIEPEMHOKCHHBIC 3JIEMEHTHI Ha ITOO0YHOH JUaroHaiy.
Onpenenurens He paBeH Hyo. [lamee Mbl Hailizem anrebpandeckoe
JONOJNHEHHE 3j1eMeHTOB Ajj Tak HasbiBaroT uuciao Aj=(-1)"IMj npocTeiMu
CJIOBaMU TOBOPSI 3TO CyMMa MHJIEKCOB, €CJIM OHA He YE€THas TO Ha MUHOD 0
YMHOXKaeTcs -1, MUHOp 3To snieMeHT Mij M3 kBaapaTHoi#t MaTpune nxn (n>1)
MOJTy4EHHOM ITPY MOMOIIY BbIYEPKUBAHUE CTPOK M cTOJOI0B. [loy4yeHHbIe
MHHOPBI COOMPAIOTCS B MATPUILy U TPAHCIIOHUPYIOT. (*) JlaHHOE ypaBHEHHUE
HUMEET eIMHCTBEHHOE PELICHUE, TOJBKO B TOM CJydae, €ClU CyLIeCTBYIOT
ob6partuble Matpuisl A~/ 1 B™/. YMHOXMM ypaBHEHHE Ha 0OPATHYIO MaTPHILY
k Marpuiie A nonyaum AAXB = CA™, tenepb, yMHOXHMM Ha 0OpaTHYIO K
martpuie B u nonyuunocs ATAXB™?B = CA! B Tak kak npousBeneHue
obparHoli matpune Ha marpuity A, B ( ATA=E, BB=E ) 310 equnununas
matpuna. Torna uckomas Marpuua X MoxeT ObITh HaiijeHa, kak X=ACB-
1L.2].

Takxum 0Opa3oM, perreHne MaTPUIHBIX YpaBHEHHUH Bua (*) mO3BOIIsIET
pemiate He TOJNBKO 3aJadd B Kypce JIMHEWHOH aireOpbl HO W B TaKUX
00acTsX Kak SKOHOMHKA, XUMUSI M IPYTUX O0JIACTSAX €CTeCTBO3HaHMS. Bo
MHOTHX 00JaCTAX JKN3HENESTEIbHOCTH YeJIOBeKa MPH ITOMOIIH HECIIOXKHBIX
JIecTBUi pematoTcss OospIasg 9acTh 3a49ady TPH TOMOIIM MaTPUYHBIX
YPaBHEHHI.

Jlutepatypa
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HNPUMEHEHUE UH®OPMAIMOHHBIX TEXHOJIOI' M HA
YPOKAX TEOMETPUM

B coBpeMeHHOM Mupe HudpoBU3aims OO0YUCHUS CTAaHOBUTCS OoJice
aKTyalbHOM TEMOH, OCOOEHHO B KOHTEKCTE H3YYCHHsS MAaTeMaTHKH.
MaremMaTiika — OJMH W3 CaMbIX CIIOKHBIX IIPEJAMETOB B IIKOJBHOMN
nporpamme. OHa pa3BHBaeT JIOTMYECKOE, aOCTPAKTHOE MBIIUICHHE |
CIOCOOHOCTH pelaTh CIOXKHBIE 3a1a4u. OHAKO 1T MHOTUX O0YYaronuxcs
MaTeMaTHUKa MOXKET OBbITh CIIOKHOM M CKYYHOMH, B OCOOCHHOCTH T€OMETpPHSI.
B Takom ciydae, Ha MOMOINbL MOTYT MPUNATH HWHTCPAKTUBHBIC Y4eOHBIC
Marepualbl, ¢ UX MOMOIIBI0 MOXHO 3HAYUTEIBHO YIYHYIIHTh IPOIECC
00yueHHs U clieNaTh ero 60Jiee HHTEPECHBIM H yBIIEKAaTEIbHBIM.

WHTepakTuBHbIE y4eOHbIE MaTepHalbl — 93TO KOMIIBIOTEPHbIC
NpOTpaMMBbl, TMPWIOXKCHUS W OHJAWH - PEeCypChl, KOTOPHIC IMO3BOJISIOT
00y4YarouMCs B3aUMOJCHCTBOBATh C MATEMATHYECKUMH CHCTEMaMHU U
3agayamu [3]. OHuU mpeaiararoT pa3aMvHbIEe 3aJaHHs, UTPhl U CUMYJISIIUH,
KOTOpBIE ~ CHOCOOCTBYIOT — JIydlIeMy [IOHUMAHUIO W  3allOMHHAHHIO
MareMaTtuueckux MNOoHSATUH. OJHUM H3 OPEUMYIIECTB HCIOJIb30BAHUS
HHTEPAKTHBHBIX  yYeOHBIX  MAaTEPHAJOB  SBISICTCS  BO3MOXKHOCTh
WHIUBUAYyAITEHOTO O0y4eHus. OOydYaromyecs IOIy4aloT BO3MOXKHOCTh
paboTaTh B COOCTBEHHOM TeMIIe, BBIOMpAs 3a/laHs, COOTBETCTBYIOIINE UX
YPOBHIO 3HAHHUU. DTO MO3BOJISET KAKIOMY IMOJYYUTh MAKCUMATBHYO ITOJIB3Y
OT ypOKa M JIBUTATLCS BIEpes O€3 OILIyNICHHS TABJICHHUS MM OTCTaBaHUS.
Kpome TOro, WHTEpakTUBHBIC Y4YeOHBIC MaTepHaibl MOTYT IOBBIIIATH
MOTHBAIMIO K OOy4YeHHI0. B Takmx wmarepuagax ecTh BO3MOXKHOCTH
COpPEBHOBAThCS JPYr C JPYroM. JTO MOMOTaeT co3aaTh armochepy
COPEBHOBAHMS W CTUMYJHUDPYET OOYYArOIIUXCSA K JAOCTHKCHHUIO JIyUIIHX
PE3yIbTATOB. Takke  WHTEPaKTHBHBIE  MaTepUANBI  ITO3BOJIIOT
BU3YyaJIM3UPOBaTh reoMeTpuueckue Kounuenuu [1]. Hampumep, onn mMoryt
WCIIOJIb30BaTh BUPTYaIbHBIC MATEPUAIIBI JJIs PEIICHUS 33124, DTO IIOMOTaeT
JIy4lle TOHATh a0CTPAKTHBIC OHSITHS U IIPUMEHSTh UX [PU PELICHUH 33/1a4.
KoHeuHO, WCIONBh30BAHME WHTCPAKTHBHBIX YYEOHBIX MAaTCPHAIOB HE
JIOJDKHO 3aMEHSITh TPAJUIMOHHBIE METO/IbI O0YUYCHHsI, TAKHE KaK yueOHHKH
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U JIOCKa, UX PEKOMEHAYETCS MCIOIh30BATh B KAUECTBE JIOTIOIHCHHUS, YTOOBI
000raTUTh YPOK M clienaTh ero 6osee 3PEeKTUBHBIM U HHTEPECHBIM [2].

PaccmoTpuM mpuMeHEHHE WHTEPAaKTHUBHBIX TEXHOJOTHHA Ha TIpUMeEpe
oOyuenuss Teme «llmomamu duryp». Jas BU3yadu3alMu  MOXKHO
WCTIONB30BaTh CIEIYIONINe KOMIBIOTEPHBIE MPOTPaMMBI, KOTOPHIE MOTYT
MTOMOYb 00YYArOIUMCS TyYIlIe MOHATh MaTePHa:

Geogebra — sto GecruiaTHas mporpaMma, KOTopasi I03BOJISIET CTPOUTh
FCOMETPUYUCCKUEC (UTYphl M TMPOBOAUTH PA3IUYHBIC MATECMATHYCCKUE
oTepanuy ¢ HUMH.

Desmos - 3TO OHJIAMH-UHCTPYMEHT AT BU3yalnu3aluu
MaTeMaTHIeCKuX (QYHKIUN U TPadUKOB.

3D Grapher sBusercs mpocToi B WMCIOIHEHHMH, HO MOIIHOM IS
moctpoeHus rpadukoB. OHa O3BONIAET co3/1aBaTh aHMMUpoBaHHBIE 2D 1 3D
rpaduKy YpaBHCHHI U TAOJMYHBIX JaHHBIX.

JJis yCHemrHoro oCcBOCHUS y4eOHOTO MaTepHaiia OOydJaloIUMHUCS Ha
ypOKax TeOMETPUH, €CIM I03BOJISIET TEXHHMYECKOE OCHAICHHE Kiacca,
MOJKHO TMOITOTOBUTH mpe3eHTanuu. Co3naHne Npe3eHTanui 3aHUMAaeT
HEOOJIBIIIOE KOJUYECTBO BPEMEHH, HO 3HAYUTEIIBHO MOBBIIIAIOT MOTHBAIUIO
Y BHUMATENBHOCTh K H3y4aeMOi TeMe y cirymareseid. [IpeseHTannn MoXHO
paspabaTeiBaTh B ymoOHOM mnporpamme Power Point, kotopas wumeer
MOIIHBIN (YHKIIMOHAJN, KOTOPBIA TMO3BOJSIET CO3/1aBaTh MPE3CHTAIUU
Pa3IMYHOMN CJIOKHOCTH, B TOM YHCJIC U aHUMAIUH, [I0JIC3HbIC B O0BSICHCHUU
HOBOTO MaTepHuaia. Ba)kHO 3aMETHTB, UTO Te )K€ MPE3CHTAIlMN HE TOJBKO
MOBBIIIAIOT HHTEPEC Y O0YYAOMIMXCS, HO U MO3BOJISIOT MPEIOIaBaTe/II0 HE
TPAaTUTh BPeMs Ha MOCTPOSHHE (QUTYp U 3aliceil Ha y4eOHOH JOCKe, TeM
CaMbIM YBEJIMYHB BpEMs Ha 00BSICHEHHE TCOPETHUECKOT0 MaTepHraria.

TakuMm 06pazom, mudpoBU3anys 00OydeHUs] B MaTeMaTHKe, 0COOCHHO
B YaCTH MU3y4YEHUS TUTOmaneii Guryp, urpaet BaXXHYIO pPOJib B COBPEMEHHOM
o0pa3zoBaHuH, criocoOCTBYs Oojice 3PPEKTUBHOMY YCBOCHHIO MaTepuaa,
Pa3BUTHIO HABBIKOB Y TIOBBIIIICHUIO MOTHBAIMK O0ydatonuxcs. JlanpHelnmee
pa3BuTHE MU(POBBIX TEXHOJIOTHI B 00pa30BaHUH MO3BOJIMT CO3/1aBaTh €IIIE
0oJiee MHHOBAIIMOHHBIC W QJIalITUBHBIC METOIUKUA OOYYEHHUs, CITIOCOOCTBYS
Pa3BUTHIO MMOBBIIICHUIO KaueCTBa 00pa30BaHusl.
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JAPOBHO - PAIINOHAJIBHBIE YPABHEHUSI C TAPAMETPOM

OmHAMH U3 CaMBIX TPYIHBIX Pa3/IEIOB MATEMATHKH, STO YPaBHEHUS 1
HEpaBEHCTBA, COJEpIKaIlie MmapaMeTp. ITO MOXHO OOBSICHUTH TeM, YTO B
IIKOJbHAs TpOTrpaMMa HalpaBlicHa Ha pa3BUTHE YMEHWH W HaBBIKOB
pelmIeHnsT HEKOTOPOro Ha0opa CTAaHNAPTHBIX 3aJad, KOTOPBIE CBS3aHHEI C
TeXHUKOW anreOpanueckux mpeobpazoBaHuil. 3amayu Cc MmapaMeTPoOM
OTHOCSTCS K IPYTOMY THITY U JUIS UX PEUICHUS OOBIYHO TPEOYIOTCS THOKOCTh
MBIIIJICHUA, JIOTUKa B PacCyXIACHUAX, YMCHHUC XOpOHUIO U IOJIHO
aHATU3UPOBATh CUTYAIHIO.

Kak noka3sIBaeT OmbIT, 00y4arourecs, KOTopble 00JIaal0T YMEHHEM
pemiaTh 3ajadd C IapaMeTpoOM, YCIEHIHO CIPaBJAIOTCS U C JAPYTHMHU
3amadaMu. M3 3TOro MOXKHO CIENaTh BBIBOJ, YTO 33Ja4d C IapamMeTpoM
00J1aaf0T JUarHOCTHYECKON M MPOTHOCTHIECKOM IEHHOCTBIO.

Pemmts ypaBHEHHE, coqiepiKalee mapaMeTp, 3T0 3HAYHT, I KaKIOTO
JIOITyCTAUMOTO 3HAYCHHs TapamMeTrpa HAWTH MHOXKECTBO BCEX pPEIICHHN
JTAHHOTO YPaBHCHHUS.

B MaremMaruke CyIIECTBYIOT HECKOJBKO BHJOB YPaBHEHHH C
MapamMeTPOM: JIMHEHHBIE, KBaJlpaTHbIE, JIpOOHO-palMOHATIbHBIE,
HppauoOHaJIbHBIC, TPUTOHOMETPUIECCKUEC, MMOKa3aTCJIbHBIC,
JorapupMUIECcKie ypaBHEHHS C TTapaMeTPOM.

B oTHO1IEHNH ypaBHEHUH ¢ TapaMETPOM Yalle BCETO BCTPEYAIOTCS IBE
MTOCTAaHOBKH 3a7a4H.

1) [lns kaxaoro 3Ha4YCHHMs MapaMeTpa HaiTH Bce peleHHs
3aJJaHHOT'O yPaBHEHUS.

2) Haiitu Bce 3Ha4YeHHS MapamMeTpa, PH KaXJ0M U3 KOTOPBIX
peLIeHus ypaBHEHHS YJIOBJIETBOPSET 3aJaHHBIM TPEOOBaHUSM.

IIpouecc penienust QPOOHBIX YpPaBHEHHH BBIOJHIETCS 1O OOBIYHOM
cxeme. JpoOHO 3aMeHseTcsl LEJbIM IyTeM YMHOXXEHHs 00euX uacTei
ypaBHEHHS Ha OOIIMI 3HAMEHATeNh JIEBOH U MpaBoii ero yactei. [locie yero
pemaercs 1nejaoe ypaBHEHHE, HCKIF0Uas IIOCTOPOHHHUE KOPHH, TO €CTh YHCIIA,
KOTOpBIe 00pamaroT 3HaMeHaTelb B HyJIb.

B ciywae ¢ mapamerpoM d3Ta 3amada Oosee clokHas. 31ech 9TOOBI
«HCKITIOUHTEY MTOCTOPOHHUE KOPHHU, TpeOyeTcss HalTH 3HAUSHHS ITapaMeTpa,
obOpamiaromee  oOImMUWA 3HAMEHaTelhb B HyJlb, TO €CTh PEIIUTh
COOTBETCTBYIOIIUE YPABHEHUS OTHOCUTEIILHOTO ITapaMeTPOM
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a-1 a
HpI/lMep 1. Pemum YpaBHCHHUE C MapaMETPOM —— = ?
x x

[Inan pemieHust 3TOTO ypaBHEHHS COCTOMT B CJEIYIOIIEM: IIOCIe
npeoOpa3oBaHUl TOJyYUTh JIMHEHHOE ypaBHEHHE, HAalTH ero KOpeHb U
BBISICHUTB, NPHU KAaKUX 3HAUCHUSX MapaMmeTpa OH SBIIIETCS] MOCTOPOHHUM
(oOparaeT 3HaMeHaTeNb IpoOu B HYJIb).

Obnactp mormycTuMBIX 3HaueHU nmepementont (O/13): x # Omx # —1.
Ha OJ13 ucxoanoe ypaBHEHHE paBHOCHIILHO YPaBHEHHIO
(a—1)(x+1) =a, orkyna Haxogum x = a@ — 1. Teneps BBISACHUM, MPU
KakuX 3HA4YCHUSIX IapaMeTrpa a HalJeHHOE 3HAa4YeHUue X SBISETCS
IIOCTOPOHHUM KOpPHEM AJISl UCXOAHOTo ypaBHeHus: a —1 =0 mpu a = 1;
a—1=—1npua=0.

OtBer:npua =1ua = 0xopHeli HeT, ipua # lua #0x =a — 1.
2 2x—a-1

X+
IIpumep 2. Pemum ypaBHeHHE ¢ TapaMeTPOM e 5
a xX—

Cpaszy 3ameruM, 49T0 IpH a = —1 ypaBHEHHE TepseT CMBICH, a
CIEeIOBATENILHO, HE MMeeT KopHel. Jlanee paccMaTpuBaeM TOJIBKO Cllydai
a+—1.

O/l13: x # 2. Ha O/I3 ucxomHoe ypaBHEHHE PaBHOCUIIBHO YPaBHCHHIO
(x+2)(x—2) =(2x—a—1)(a+1). ITocne npeoOpa3oBaHHii TOIYIHUM
ypasrenue x% — 2(a + 1)x + a* + 2a — 3 = 0, KOpHH KOTOPOTO
x=a—-1lux=a+3.

[IepBrlii KOpEHb NIPUHUMAET «3AIPETHOE) 3HAUEHUE IPU a = 3; BTOPOI
KOpeHb B 3TOM ciydae paBeH 6. Takum obOpa3om, npu a = 3 ypaBHEHHE
HUMEeT O/IMH KOPEeHb X = 6.

Bropoii kopeHb IPUHUMAET «3alpeTHOe» 3HAYCHUE PU

a = —1. Takum obpazom, ipu a = —1. OxnHako ciydait a = —1 yxe Obu1
paccMmoTpeH (pu a = —1 UCXO0HOE YpaBHEHHUE TEPSET CMBICT).
OtBer: mpu a = —1 KOpHEH HeT, mpu a = 3 eANHCTBEHHBIH KOpPEHb

x=6,npua # —1ua+ 3 ypaBHEHHE UMEET IBA KOpHA X = a —1ux =
a+ 3.

Jluteparypa
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TPUT'OHOMETPUYECKHE YPABHEHUS C IAPAMETPAMMU

Omnpenenenne: Pemuts ypasuenue f(x; a) = 0, ¢ mapamerpom a — 310
3HAYUT, U1 KaKAOTO ACHCTBUTEIBHOTO 3HAUYEHHs a4 HaWTH 3HAYCHHE X,
YAOBJIETBOPSIOIINX YPAaBHEHUIO, MIIH YCTAHOBHUTD, UTO TAKUX HET.

Ilpu pemeHun 3anady, CBS3aHHBIX C TPUTOHOMETpPHEH, HEOOXOAMMO
3HATH CIIEIYIOIIEE:

1. Bce tpuronomerpuueckue (GOpMyIibl, a TaK )K€ yYUTHIBATh IEPUO/IBI
TPUTOHOMETPUIECKHUX (PYHKIUIA: I Y = SINX, Y = COSX Tepuoj 21, Uil
y=tgx, y=ctgx nepuon .

2. OrpaHn4YeHHOCTH QYHKUHMHA SiNX, COSX IO MOIYJIIO eIUHULCH.

3. Merox BCHOMOTaTeNbHOTO apryMeHTa, KOTOPBIH COCTOHMT BO
BBEJICHUU JONOJHUTEIBHOIO YIJIA 711 yIPOLIEHUS BBIPAKEHHS.

JUis peleHHs ypaBHEHHMH € MapaMeTpamMHM MOXKHO BOCIHOJIb30BAThCS
KOOpJAUHATHOHN npsMoi Juis napamerpa. [lo mepe penieHust ypaBHEHUsS Ha
MPSAMOM MOSBIAIOTCS TOYKH, pa3OMBaloIIye MPIMYIO Ha YacTH, HaJ KaXKIOH
W3 KOTOPBIX 3allMChIBAEM MHOXECTBO KOpHell ypaBHeHusa. Ecnu
KOOpJAUHATHAs IpsiMasl 3all0JHEHA, TO 3TO CBUACTEILCTBYET O TOM, 4TO
pelIeHre 3aKOHYEHO U MOXHO 3allUChIBaTh OTBET. PaccMoTpuM cHauana
pelIeHne HeCTIOXKHBIX TPUTOHOMETPHUYECKUX YPaBHEHHUH C MapaMeTpoM

ITpumep 1. Pemnts ypaBHenue sinx = a — 1

X ER,
Pemenne. O/13: {a € R |sinx| < 1.
1) Tycrp |a—1] <1, 10 ects —1<a<1,0<a<2 T10rM0a X =
(—=1)*arcsin(a — 1) + wk, k € Z *

2) Ia—1|=1;[aa_1=1’ a=2,

—-1=-1la=0.
Ecmm a = 0, To pemaeM ypaBHeHue sinx = —1,x = —§+ 2N, n € Z *x
Ecnu a = 2, To pemaeM ypaBHenue sinx = 1,x = §+ 2mTm, m € Z xxx
a>2
3 —-1| > 1, -
) la | [a < 0.Pemenuii HeT.
@ *%* * *%*x%x o
® @
a
0 2
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T
OtBer: ecimma = 0, To x = —E+27Tn,n EZ;
T
ecnmuia = 2,T0 X =;+2nm,m€Z;

ecmn 0 < a < 2,x = (—1)*arcsin(a — 1) + tk,k € Z
ecnu a > 2 uwu a < 0, To peleHuii HeT.

IIpumep 2. Haiinute Bce 3HaueHUs MapameTpa a, MU KaKIOM U3 KOTOPBIX
ypasuenue cos* x — (a + 2) cos? x — (a + 3) = 0 umeer penieHue.
Pemenne. BpemeM HOByIo mepeMeHHyr: t = cos?x,t € [0,1]. Torma
ypaBHeHMe puHUMaeT BuA: t2 — (a + 2)t — (a + 3) = 0.
UToOBl pemmuTh MONyYHBIIEecs KBaJpaTHOE YpaBHEHHE C IIEPEMEHHOH t,
HalJIeM ero IUCKPUMHUHAHT:
D=a*+4a+4+4a+12=a*+8a+16 = (a +4)?. Tak xak D >
0, kBazipaTHOE ypaBHCHUE UMEET PEIICHHE:

_ a+2+y(a+4)? _ a+2t|a+4| _ a+2t(a+4d),

ti, = =
a+2+a+ a+
tit=——mm= =a+3;
22 4 22
a+2-a— -
t2: :_:_1.
2 2

Yucno —1 He npunamiexut npomexytky [0; 1], Takum o6pazom 3amaHHOe
HaM TPUTOHOMETPHUUYECKOE YpaBHEHHE C IapaMeTPOB MMeEET peIIeHHe IpU
yCIOBUH

0<a+3<1-3<a<s-2
Ortser: a € [-3;-2].

B naHHONl cTaTbe pacCMOTPEHO HECKOJIBKO MOJAXOAOB  PELICHHUS
TPUTOHOMETPUYECKUX YypaBHEHMH C mnapameTpamu. Mx wucnoas3oBaHue
MO’KET HAMHOT'O YIPOCTUTh PEIIEHNE MHOTHX CIOXHBIX 3aJaHuH.

Jluteparypa
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YAAPHBIE BOJIHBI

Y napHast BOJTHa — 3TO 30Ha CKaYKOOOPa3HOr0 M3MEHEHUsI TapaMeTPOB
COCTOSIHMS Ta3a, BKIIOYas TaBJICHUE, TEMIIEPATypPy, INIOTHOCTh TEIUIOBOTO
MIOTOKA U CKOPOCTH JIBIDKeHHA. OHA BO3HUKAET NP yJapHOM CXKaTHH Tasa,
HaIrpuMep, P B3pbIBE KOHACHCUPOBAaHHBIX B3PHIBUATHIX BEIIECTB, FA30BBIX
B3pBIBaxX, aTMOC(EPHBIX Pa3psiax CTAaTUUECKOTO JIEKTPUUECTBA, JBHKCHUH
JIeTaTeNIbHBIX allllapaToB CO CBEPX3BYKOBOM CKOPOCTHIO U Tak maiee| 1, 2].

CBoiicTBa yJapHBIX BOJIH BKIIIOYAIOT:

e TepMonuHamuMKa yIapHbBIX  BOJH: HM3MEHEHHE  JIaBIICHMS,
TEeMIIepaTyphbl, INIOTHOCTH BELIECTBA M CKOPOCTHU CPEAbI IIPU NEPEX0/Ie uepes
(pOHT yAapHOIi BOJHBI.

e UYucno Maxa: XapaKTepUCTHKa, CBSI3BIBAIOIIAS
TEepMOJMHAMUYECKHIE BEJIMUUHBI JI0 M TIOCIIE TTPOXOKICHNS YAAPHON BOJIHBI.

e Anmabara ['foroHno: MareMaTHYecKOe ypaBHEHHE, OIHMCHIBAIOIIEE
CBSI3b MEXIYy TEPMOJMHAMHIECKUMH BETHIMHAMH.

e [IpoucxoxJeHne yAapHBIX BOJH: CBS3aHO C  SIBJICHHUEM
ONPOKHU/IBIBAHHUSI BO3MYILIECHUI KOHEYHOW aMIUIMTYIbI, IOPOXKIAIOLINX
BOJIHBI cxxaThs [3].

VYnaapHele BOJHBI KIacCUQUIMPYIOTCS MO TMPOMCXOXKICHUIO Ha
B3pBIBHbIE, CEHCMUYECKHE U HCKYCCTBEHHbIE. B3phIBHBIE BOJIHBI BO3HUKAIOT
NP JIETOHAIMN B3PHIBYATHIX BEIIECTB, & TAKXKE ITPH Ta30BbIX M (PU3UUECKUX
B3pbIBax. CelicMUYeCKUE BOJIHBI CBSI3aHBI C 3eMJICTPSICCHUSIMUA U JIPYTUMH
TeoJIOTHYECKUMHU IpolieccaMy. MIcKycCcTBEHHBIE yIapHbIe BOJHBI CO3JAl0TCS
B pe3yJbTaTe JIeSTEILHOCTH YeIOBEeKa, TAKOW KaK MCIIBITAaHHS OPYKHS WU
MPOMBIIIJICHHBIE ITPOIIECCHI.

VY napHble BOJIHBI OKa3bIBAIOT 3HAYNTEIHHOE BIMSIHUE HA MaTepUalibl U
KOHCTPYKLIMH, BBI3bIBasS MX paspylieHue, AehOopManuio U H3MEHEHHE
CBOJCTB.

Tlon BO3nelicTBHEM YIAapHOM BOJIHBI CO3JAOTCA OYaru IMOpakKeHHs,
pa3pylieHus, pa3Mepbl KOTOPHIX 3aBHUCAT OT MOLIHOCTH M BHIA B3pbIBa,
penbeda mectHOCTH (pHC. 1).

91



3oHa 3oua 3ona 3opa
MOJTHBIX CHIIbHBIX CPpCOHHX CnabpIx
pa3pyIICHUii pa3pymIeHHA paspylicHAN pas3pymeHni

20 lla 10 kI1a

Pucynox 1. Ouarn nopaxxeHri IpH BO3ICHCTBUHN YAaPHOH BONHBI

VYnapHble BOJHBI HCHOJB3YIOTCA B PA3NIMYHBIX O0NAcTIX HAyKH H
MIPOMBIIINICHHOCTH, BKJIFOYAs:

e MEAMIUHY: AJS pa3pylIeHUs KaMHel B [TOUYKax;

e reo(M3UKY: Ui M3yYeHHs 3€MHOH KOpPBl M IOMCKA MOJE3HBIX
HCKOTIaeMBIX;

e IMAarHOCTHKY MAaTepHalioB: Ml OMNpeleNieHHs MPOYHOCTH H
CTPYKTYPBI MaTEpPHAJIOB;

® U3y4eHHEe TePMOANHAMUUYECKUX U KHHETHUECKHX CBOWCTB BEIIECTB
TIPY BBICOKHX JIaBJICHUSAX U TEMIIEpaTypax U JIp.

Cnoco0Obl 3aIUTHl OT YNApHBIX BOJH BKIIOYAIOT HCIIOJIb30BAaHHE
yOeXuIll, YKPBITHH, CKJIQOK MECTHOCTH W MECTHBIX MpPEAMETOB JUIs
ocnabneHnsi mx Bo3zaeicTBUA. Tarkke MOXHO TNPHUMEHATh HPOCTEHIIne
YKPBITHSI, TaKH€ KaK BBIPHITHIE IIENH, W yYUTHIBATh 3alIUTHHIE CBOWCTBA
MECTHOCTH TIpU BbIGOpEe MecTa yKpbITHst [1].

Takum oOpa3zom, Obula paccMOTpeHa OJIHA W3 CaMBIX OCTPHIX Ha
CEero/IHA TeM — yIapHas BOJIHA. bUI0 paccMOTpeHo MOHATHE yIapHON BOJIHBL,
ee mapaMeTpsl; BEIICHHUIIN, KaK OHa BO3/ICHCTBYET Ha OKPYKAIOIIUN MHUD, U
Y3HAJIM 0 CII0C00ax 3alUThI OT YJIAPHBIX BOJH.

Jluteparypa
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K BOITPOCY O METOAUKE N3YYEHHWSA OBbIKHOBEHHbBIX
JIPOBEH B IIKOJIbHOM KYPCE MATEMATHUKH

Cpenu (GopMHpPYEMBIX YMCHHH OCHOBHOC BHUMAHHE IOJDKHO OBITH
MPUBJIEYEHO K CpPaBHEHHWIO ApobOel ¢ OJMHAKOBHIMH 3HAMEHATEISIMH, K
BBIJICJICHUIO [CJTOM YaCTH YUCIIa, BEIYUCICHHUIO CMEIIAHHBIX APOOCiH, a Takke
K JEHCTBHAM C NECATHYHBIMU ApoOsmu. C MOHMMaHHEM CMEICTa ApoOH
CBsI3aHBI OCHOBHBIC 3aJadydl Ha IpOoOW, OCO3HAHHOTO PEIICHUS KOTOPBIX
Ba)XHO JOOWTHCS OT yyammxcs. [1o3ToMy memarory o9eHb BayKHO TPAMOTHO
mogOupaTth MaTepHuaty, YMEThb BBICTPaWBaTh €TI0  KOHICHIHIO U
CHUCTEMaTH3HPOBATH TEMEI, UTO SIBIISICTCS OAHAM U3 BAXXHEUIIINX €r0 Ka4eCTB.

M3BectHbiit MmaTematuk A.H. Konmoropos BelIenuia Tpu KOMIOHEHTA
MaTEeMaTUYECKUX CIIOCOOHOCTEH:

1) aAropuTMHYECKUIA: CIIOCOOHOCTh PUMEHSTH TOTOBBIE ATOPUTMBI U
METO/]IbI);

2) TeOMeTpUYECKHIA: CTIOCOOHOCTH K IIEPEBOTY Ha A3bIK T€OMETPHUH TOI
WIM WHOW 3adaud U oOpalieHue K HarjsAHbIM IMpUMepaM B IPOLECcCce
peIIeHUs HeTeOMETPUIECKHX 32134,

3) NMOTHYECKHiA: CO3JaHWe SKOHOMHOW W HETPOTHBOPEUYHUBON CXEMBI
peIIeHHS 3a1a49u.

Hcnonp3oBaHne T'e€OMETPUYECKUX NPEACTABICHUH IIpH PEHICHUU
anreOpanmdecKux 3ajad WM 3aJad MaTeMaTHYSCKOTO aHAIHN3a IT03BOJIIET
UHTETPUPOBATh AITeOpandecKuid 1 TeOMETPHUCCKII METOIBI U TEM CaMBbIM
pa3BUBATh B €AUHCTBE MOHATHHHO-JIOTHIECKOE U 00pa3HOE MBIIICHHE.

TTonsitue "mpoOb" BO3HHWKAET, KOTJAa TPEAMET IENAT Ha HECKOJIHKO
paBHBIX uacTedl. HambGonee ymoOHBIM oOBsiCHEHWEM nOpobum Ui JeTel
SIBIITFOTCSI TEOMETPUYECKHE (DUTYPBI, & UMEHHO - OKPY>KHOCTb.

Ecimm pasgenuth s60K0 Ha JBE paBHBIE YacTH, MBI MOJYyYHUM JBE
MOJIOBUHKHM s10510Ka. Ecnum paspesars TOPT Ha 6 OAMHAKOBBIX KYCOYKOB U
B3STh OT Hero 1 Kycok, To MbI mosiyuuM 1 Topra.

6

B HameMm ciiyyae 4ucIio OJIUH - YUCIHTENb APOOU, KOTOPOE HAXOIUTCS
HaJl YepToil qpo0H, YKCIIO 6 - 3HAMEHATEb JPOOH, HAXOISIIEeCs 0] YEPTON
Jpoou.

3HameHareb Jpo0H MOKa3bIBACT, Ha CKOJILKO PABHBIX YACTEH pasjeieH
TPEIMET, YHCITUTEND IPOOH - CKOJIBKO TAKMX YacTeil B3ATO.
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Bamucu Buga 1 3 3 Ha3pIBAIOT OOBIKHOBEHHBIMH JAPOOSIMHU.
6’8’5
Taroke MOHATHE AONKM BBOAWTCS TPH TOMOIIM JEJCHHS OTpe3Ka,
ckaxeM, Ha 4 paBHBIX yacTed. (Pucynox 1)

o N B A
0 3 |
I
Pucynoxk 1

Orpesok ON — 310 1 gacTs orpeska OA, TO €CTh €CIH CIOKHUTh YETHIPE
4

paBHbIX oTpe3koB ON, noiayyum orpe3ok OA.

CroxeHrne W BBIYUTaHUE OpoOei ¢ ONWHAKOBHEIMH 3HAMEHATEILSIMH
TaKXKe MOXKHO OOBACHATH Uepe3 reoMeTpHUiecKre (GHUTypHl, YTO IOMOTaeT
JETSIM JTydIlle BOCTIPHHAMATh MaTepHall H3-32 HATIISAHOCTH.

OOpatumMmcs K yueOHUKY MaTeMaTHKH 5 kiacca A.I'. Mep3isika, OH OJTUH
U3 pa3pabOTUYNKOB yUCOHUKOB MATEMATHKH U TIOCOOHIA K HIM.

[IpsiMOyTOIBHUK pa3fiesieH Ha JEBATh 4acTeil, IBe U3 HUX 3aKpallleHbI
TOJTyOBIM IIBETOM, MIATH - 3€JIEHBIM. ECIIH CITOKUTH /1B U IISITh PaBHBIX YacTel
IPAMOYTOJIbHHKA, TO TIOTyYMM CEMb YacTei, To ecTh: 2 4 5 _ 7

9 9 9
B paMKax TEMBbI OBLIO Ba)KHO IOKA3aTh HariiiJHoCThb B 00BSICHEHUU

Marepuala, CAeiaTh aKIEHT Ha TOM, YTO MPAKTHYECKH KaKJ0€ IPaBHUIIO
MOYKHO PacCMOTPETh C MOMOIIBI0 PUCYHKOB, T€OMETPUUIECKUX (UTYp, UTO
YIPOIIAeT YYCHUKaM €To U3yueHHe.

Jlurepartypa

1. Kommoropos A.H. O mpodeccun maremaruka. 3-e uzg. M.:
U3n-o MI'Y, 1960. 60 c.

2. Mepsmsak A.T'., Ionouckuit B.B., SIkup M.C. Maremaruka: 5
KJIacc: Y4eOHHK TS yJarmxcs 001meo0pa3oBaTebHBIX OpTaHU3aIHH. -
M.: Benrana-I'pag, 2014. - 304 c.
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IIAPOBASI MOJIHUS: ®PEHOMEH, NCCJIEJOBAHUSA U
IEPCIIEKTHUBBI

[[MapoBast MOJHHSA — 3TO SBJICHHE, KOTOPOE BBHI3BIBACT YAWBICHHE U
HHTEpec ydeHBIX U oObBareneld. C MepBhIX YIIOMUHAHUNA O HEHW B IPCBHHUX
JETOMHCAX JO COBPEMEHHBIX HAONIOACHHWH, IIapoBas MOJHHS OCTAaeTCs
OJIHMM M3 CaMBIX 3araJlouHbIX M MaJIOM3y4EHHBIX SABJICHUH B mpupone. B
HACTOsIee BpeMs yUCHBIE CTPEMSTCS MOHATh IMPOUCXOXKICHUE U MPUPOIY
IIapOBOIl MOJHMH, a TaKKe BBIIBUTH €€ IOTCHLUAIbHbIE NPUMEHEHHUS B
Pa3IUYHBIX 00JACTIX HAYKH M TEXHHUKU.

CoBpeMeHHBIE y4eHBbIE MPU3HAIOT IIAPOBYI0 MOJHMIO KaK pealbHOE
(usnyeckoe SABJICHNE, HO 0 CHX IOP HE CMOTJIH MOJHOCTHIO OOBSCHUTD €
MPOMCXOXKICHNUE M MeXaHW3MBI neiicTBus. OMHOW W3 OCHOBHBIX THIIOTE3
SBIISICTCS CBSI3p IMAPOBOM MOJHHH C DICKTPUYCCKUMHU paspsaamMu B
aTMocdepe, BBI3BAaHHBIMH TPO30BOH JAEATENBFHOCTBIO. Jlpyrue ydeHbIe
MPEII0NIararoT, YTO IAPOBasi MOJHHUS MOXKET OBITh PE3yJIBTaTOM IIPOIIECCOB
ra30BOTO BBIACIICHUS U3 TIOYBHI FITH BOJEIL.

HccnenoBanue 1IapoBOil MOJHUM MMeeT OOJBIION MOTEHIWAN s
pacumpeHus Hallux 3HaHUH O NpUpoJe U QYHKIIMOHUPOBAHUH aTMOC(EPHI.
Hogelimme TeXHOIOTUN MTO3BOJIAIOT O0Jiee IeTaIbHO U3ydaTh 3TO SIBICHUE U
BBISIBIISITH €0 0COOEHHOCTH. HeKkoTophle yueHble BUAAT B IAPOBONH MOJTHUU
MOTEHIMANT JUTS pa3pabOTKH HOBBIX TEXHOIOTUH U MPHIOKEHUH, YTO MOXKET
MIPHUBECTH K HOBBIM OTKPBITHSM B 007aCTH (PU3HUKH ITa3MBI B aTMOC(HEPHBIX
SIBIICHUH.

Htak, OCHOBHBbIE KOMIIOHEHTHI BO3/lyXa — 3TO a30T, KUCIOPOJ U KaIllu
noxns. JluHelHas rpo3oBas MOJHHS «pa3OMBaeT» MOJEKYJBl 3THX
KOMIIOHEHTOB Ha aToMbl M HOHBL. Co3/1aeTcsi BO3MOXHOCTh 0Opa3oBaHUs
COEIMHEHUH a30Ta U KUCIopoa (OKCHJIBI a30Ta) U 030H. DTO IPOUCXOIUT
IOpU Ka)XIOM pa3psjie MOJHUH, IIApOBasl K€ MOJHMA MOSABISETCA HE Tak
gacto. CymEecTBEHHO YBENMYUTh KOHICHTPAIMIO AaTOMAapHOTO H
MOHU3HUPOBAHHOTO KHCIIOPOJIa MOXKET KPYITHAs JIbINHKA TPajia, IMoNaBmas B
IIHYp JIMHEWHOW MOJHHMM (WM XJIONbS CHEra MpH 3uMHEH rpose). Ilpu
cootHorreann O\N>5/2 peanusyercs BO3MOXKHOCTh 00pa30BaHUS BBICIIETO
okcuaa azota — N20S5. A30T M KHCIOPOJA, HAXoIsICh B aTOMapHOM H
MOHW3HWPOBAHHOM COCTOSTHHH, MOTYT 00pa3oBaTh MOJMMEPHBIE MOJICKYJIIBI
(N205)n. Hike npuBOAUTCS CTPYKTypa STONH MOJIEKYJbI:
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Bonoponconepxanyie coequHEHUS (B3phIBUATHIC BEIIECTBAa) MOTYT
OBbITh 3aKJIIOYEHBl M B CBETALICHCS NIAPOBOM MOJIHHM, MX IPHCYTCTBHUE
MPOSIBISIETCST  KaK YacTUYHOE pa3OpbI3TMBaHME CBETALIECTOCS IIapa
(moTpeckuBaHMe, CBETAMMicS IUIeH( 3a MMapoM) WM Jake IOJIHOE
paspylieHrue MOJHHAU (CHIIBHBIH B3PBIB C B3PBIBHOH BONIHOWM). B maposoit
MOJIHUHM HE MOXXET OBITh IPYTHMX XUMHYECKHX syeMeHToB kpome H, N, O,
Belb B aTMocdepe Bo3ayXxa HUYEro Oojplie HeT (KOHIEHTpauus yriepona
CIIMIIKOM Maja), a MOJHUH oOpa3syiorcst B armocdepe. Lllaposas momHus
<CKHBET» JI0 TeX IO, IT0Ka B HEl eCTh aKTUBHbIC aTOMBI U MOHHI (BpeMs ee
KHU3HU HECKOJNIbKO MHHYT). 3amac 3Hepruum IIIM ymeHsImaercst 3a cyer
paccenBaHUsI aKTUBHBIX aTOMOB BO BHEIIHEE IPOCTPAHCTBO, PACXOAYeTCs Ha
00pa3oBanue NpOYHbIX ycToiumBbix coeaunenuii (N20, NO, H20, 02, N2)
U TIOTEpU DHEPruu Ha CBETOBOe u3inydeHue. Yactmuyno sHeprus M
BOCIIOJHSACTCS 32 CYET SK30TePMHUYECKHX peakIuid NpH 0Opa3oBaHWUU
HeKOTOphIX coequHeHnid. IIIM  moxer oOpa3oBaTeCsi B CHIBHOM
JIEKTpUUEecKOM rojie. Hampumep, Ha KOHUMKax BETOK KyCTOB M JIEPEBBEB,
TJIe JJIEKTpUUYEcKoe Mosie Hanbojee CKOHLEHTPUPOBAHO, NMPH HAJIWYUM HA
BETKaX XJIONBEB CHeTa Wi BoAbl (paa). Utak, cssyrommei ocHoBo 11IM
SIBIISIFOTCSI TOJTMMEPHBIE MOJIEKYJIbI OKcuaa azota — M [(N205)n]

Jlutepartypa
1. I'ynua, H. B. Yausurenshas ¢usuka / H. B. T'ynna. — 2-e u3g.,
ucnp. u gom. — Mocksa : M3patensctBo IOpaiit, 2024, — 442 ¢. —
(Orkpeitas nHayka). — ISBN 978-5-534-12880-2. — TekcT: 31eKTpOHHBIH //
ObpasoBarenpHast miatdpopma IOpaiir [caitT]. — URL:

https://urait.ru/bcode/539960 (mata obpamenus: 14.04.2024).
2. I'ynua, H. B. YauBurensnas mexanuka / H. B. I'ynma. — 2-e u3g.,

ucnp. u jpon. — Mocksa : MznarensctBo HOpaiit, 2024. — 188 c. —
(Otkpeitas nHayka). — ISBN 978-5-534-09641-5. — TekcT: 35eKTpOHHBIH //
OOpazoBarenbHas iatdopma IOpaiir [caitT]. — URL:

https://urait.ru/bcode/540003 (mara obpamenus: 14.04.2024).
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IMPUMEHEHUE NPUHITATIA BO3MOKHBIX TEPEMEIIEHUI
B MEXAHUYECKOM CUCTEME C OTHON CTENNEHBIO
CBOBO/JbI

AnHoTtanusa: IIpyHOMI  BO3MOXHBIX  NEPEMELICHUN  SBIAETCS
(hyHAaMEHTAIbHBIM ITOHATHEM B TEOPHH JUHAMUKU CHCTEM C OTPAaHHICHHBIM
YHCIIOM CTereHel cBoOozabl. B maHHOI Hay4yHO# craThe paccMarpuBaeTcs
IIPYMEHEHUE ITOrO NIPUHIINIA K MEXaHUYECKOU CUCTEME C OJHOU CTEIICHBIO
CBOOOABI.

KiroueBble ci1oBa: TMHAMMKA, IIEpEMEICHHUE, CTCIICHb.

HpI/IHHI/IH BO3MO>XKHBIX HepeMeHleHI/Iﬁ ABJIACTCSA OAHHUM H3 OCHOBHBIX
NPUHIUIIOB JUHAMHUKH MEXaHUYECKUX CHCTEM U IPHHIUIIOB yCTOHYHNBOCTH.
C moMomIpI0 Hero MOXHO OLEHUTH XapaKTep ABMKEHHS CHCTEMBI, HCXOS U3
YCIOBUM paBHOBECHS W MHHAMH3AaLUH TOTEHIHMAIGHOH OSHEPrHH.
PaccMoTpyM nmprMeHeHHe IaHHOTO NPHUHIUIIA K MEXaHUYECKOH chUcTeMe C
OJTHOH CTENEeHBIO CBOOOIBI.

Bynem paccmarpuBaTh 3amady, rae K TON3yHy A MexaHU3Ma
anmncorpada MpuiIokeHa cunaP, HampaBleHHas BJIOJb HalpaBisIONIeH
nmom3yHa K ocu BpameHus O xpuBomuma OC. HeobOxommmo HaiTh
BpaIaloIiii MOMEHT, KOTOPBIH HY»XKHO NMPHIOKUTH K KpuBomuny OC mis
TOTO, YTOOBI MEXaHH3M OBUI B PaBHOBECHH B MOJ0KEHHUH, KOTJIa KPUBOIINI
OC oGpa3zyeT ¢ HampaBJSIFONIECH MOJ3yHA YrOd (0, TIPH TOM, YTO MEXaHU3M
PacIoyIOKeH B TOPU30HTAIBHON ImIocKocTH, mpuueM OC = AC = CB = 1.
[1;7]

B manHoi# 3amade simmmricorpad sSBISETCS MaTepHATFHONW CHCTEMOH, a
cuia P 1 mapa cui ¢ MOMEHTOM M SIBIISIFOTCS! aKTMBHBIME critami. [lenaem
BBIBOJI O TOM, YTO CUCTEMa MMEET OJJHY CTEIICHb CBOOO/IBI. YTOII (0 SBISIETCS
yIJIOM MOBOPOTa KpHBommna. [1;7]

[TpuHIMT BO3MOXKHBIX IIEPEMEIICHNH 3aITUIIeM, KaK:

5A (?) + SA(M) = 0. 1.1)
0A (?) yIOOHO BBIYHMCIHTS 110 (hOopMyJIe:

SA (;») =P, 6x4+ B, - 5y, (1.2)
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KoopauHaThl TOYKH MPUIOKEHUST CHIIBI = BBIDASUM Hepes @i X, =
0; y, = 21 -sing.

Haiinem nepemernenue noiasyHa A, COOOIINB KPUBOLIHITY BUPTYaJIbHOE
nepemerieHue 6¢:

6y, = 2l cos - bo.

P, =0, Py = —P — npoekuuu cuiibl P Ha AEKapTOBbI OCU KOOPAUHAT

IMoacraBUM MpOEKIMU CUIIbI P W BUPTyalbHOE MEepeMElIeHHE B
¢dopmymy (1.2):

SA(?) =0-0+(=P)-2l-cosp-6p =—P-2l-cosqp-5¢.

OnemeHrapHas paboTa MOMEHTa Ha BO3MOXXHOM IepeMEIICHHN
SAM) = Méo.

[ToxcraBuB Bce moiydeHHoe B ¢opmyiy (1.1) HalimeM HE0OXOIUMBIH
BPAIIAOIINI MOMEHT:

—P-2l-cosp-6p +MSp =0=
M=2-P-l-cose.

[IpuMeHeHre TPUHIUNA BO3MOXKHBIX MEPEMEIICHUN K MEXaHUYECKOMH
CUCTEME C OJJHOH CTeNeHbI0 CBOOOBI B PACCMOTPEHHOH 3a1a4e IM03BOJISIET
ONPEACIUTE XapaKTCPUCTUKNU CHUCTEMbI, TaKHC KaK KOOPAWHATHBI TOYKU
TIPUIIOKCHUA CUJIBI, ICPEMEIICHUEC TTOJI3YHA U Bpama}oumﬁ MOMCHT.

JlaHHBI TPUHIUO SBISETCA MOILIHBIM HHCTPYMEHTOM Uil aHallnu3a
AVUHAMHUKHN MCXaHHYCCKUX CHUCTEM C OI'paHUYCHHBIM YHCIOM CTeNneHen
cB000BI. MBI paccMOTpeI MPUMEHEHHWE MPUHIMIIA K CUCTEME C OJHOMN
CTETIEHBIO0 CBOOOIBI, UTO MO3BOJIUIIO YIITYOUTh MOHUMAHHE JUHAMUKH TAKHX
CHCTEM, a TAKXKE UX MOBEJICHHS TPH PA3THYHBIX BHEIIHUX BO3JCHCTBUSX.

Jlurepartypa

1. Hpyxwuranna T. B., Muporenko A. A. Meronuka penieHus 3agad
AQHATUTUYECKON MEXaHUKH [DNIeKTPOHHBIH pecypc]: y4eOHbIH 3JIeKTPOHHBIN
TEKCTOBEIN pecypc. Ekatepunbypr, 2018

2. Mamxoco B. K., Hosukoa O. [I. Teoperndyeckas MEXaHHKa B
mpuMepax ¥ 3ajadax. AHAJIUTHYECKas MEXaHWKA. YJap: METOANYEeCKHe
ykazanus. Yuesaosck: Yal TV, 2008.

3. Campamkona T. B., SIkumosa K. E. 3a1auHuK 110 aHAJIMTHYECKOM
Mmexanuke. 3-¢ m3g. M.: MI'Y umenn M. B. JloMoHOCOBa, MEXaHHMKO-
Marematuueckuii (-1, kKag. TEOpEeTHYECKOW MEXaHWKH W MEXaTpPOHHKH,
2017.
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IPENIOJJABAHUE ®U3UKHN B HAYAJILHOM IIIKOJIE

Konnenmust mpenomaBanmsi  ydueOHOro mpenmera «®Dusmka» B
o0pa3oBaTeNpHBIX OpraHm3aisax Poccuiickoit @enepaiun, peann3yomux
OCHOBHBIC 00IIe00pa3oBaTeNbHbIe NPOrpaMMBl HAa YPOBHE HAYaJIbHOTO
o61mero oOpa3oBaHusl, BEIBUTACT 3a1a4l (POPMHUPOBAHKE IPEACTABICHUH O
(u3MUeCKUX SBICHUAX, O BUJIAX SHEPTUH M €€ MIPEBPaIlICHHX, arperaTHbIX
cocTosiHUAX BemecTBa. Kak ormedeno B KoHueniuu Ha ypoBHE Ha4aabHOTO
o0mrero obOpa3oBaHus H3Y4YCHHE (U3UKH JIOJKHO SBISITBCS —YaCThIO
npeaMeTHOW obnactu «OOLIecTBO3HAHME W ecTecTBO3HaHHWE» (y4ueOHbIH
npeamer «Okpyxatomuii mMup») B conepkaHum y4eOHOTO IpeaMeTa
«Oxpyxaromuit MUp» OCHOBHOM 00pa30oBaTeIbHOM MPOrpaMMbl HAYaJIbHOTO
obmero 00pa3oBaHHUA JMODKHBI OBITH CIEAYIONINE TEMBI: HCTOYHHKH
SHEPruM, TEIUIOBBIC SBJICHHUS, CBETOBHIE M  3BYKOBBIE  SIBIICHHA,
3JIEKTPUYECKHIE ¥ MAarHUTHBIC SIBICHUS, CUIIBI U IBIDKEHHE [ 5]

Bkirouenne ¢u3MKM B y4eOHYIO IPOrpaMMy IIKOJBI UIMEET OIPOMHOE
3HaUCHME JUIA Pa3BHUTHs ydamuxcs. Ou3nka — ofHa M3 OCHOBHBIX Hayk,
H3y4eHHe KOTOPOH MO3BOJSET ASTSAM MO3HAKOMUTHCS C 3aKOHAMH IPUPOJIBI
1 JIOTHYECKUM MBIIIJICHUEM.

[lepBoHauabHOE 3HAKOMCTBO C (PU3UKOM TIOMOTAeT JeTSIM MOHATH, KaK
yCTpOEH MUP BOKPYT HUX. OHH y4aTcs pa30ouparses B PU3HUECKUX 00BEKTaX
U SIBJICHUSIX, OCBAMBAIOT TAKHE TIOHATHS, KaK TSDKECTh, Macca, 00beM, CHila 1
JIaBJIeHHE. DTO IMOMOTAeT UM OOBSICHUTH MHOTHE TTOBCETHEBHBIE CUTYAIUH,
KOTOpBIE BO3HUKAIOT B UX *HU3HU. Hanpumep, pedeHOK moiiMeT, moueMy Bosa
IUIaBaeT, MOYEMY IIAPUK OTCKAKMBAET OT 3€MJIM, IOYEMY PACTEHHUS PacTyT
BBEpX U T.JI.

Kpome Toro, nzyuenne Gpu3nku no3BosseT pa3BUTh y JETEH JIOTHYECKOE
MmblinieHrne. OHU ydarcst [yMaTh JIOTUYHO M aHAJIMTHYECKH, pacCyK1aTh 1
JieNlaTh BBIBOJIBI HA OCHOBE (DAaKTOB. DTH HABBIKH ITPUTOASATCS UM HE TOJBKO
B yuebe, HO M B TIOBCETHEBHON KU3HH.

Om3nKa Takke CIIOCOOCTBYET Pa3BUTHIO TBOPYECKOTO MBINUICHHUS. B
XoJe M3y4eHHs (PU3WYECKHUX SBICHUH AETH MOTYT SKCIHEPUMEHTHPOBATH,
WCKAaTh HECTAaHAApTHBIC pELICHUs, HCIOIb30BaTh CBOK (AHTA3HI0 U
KpeaTuBHOCTb. OHHM MOTYT CO3/1aBaTbh HEOONBIINE MOJEIH U HPOEKTHI,
KOTOPBIE TIOMOTYT MM JIy4Ille OHSTh ¥ 3alIOMHUTh MaTepHAaL.
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Bxutouenue ¢pusnkn B y4eOHYIO MPOrpaMMy HadalbHOM HIKOJBI TaKKe
CHOCOOCTBYET pa3BUTHIO MHTEpeca K HaykaMm B IeioM. UeMm paHblie JIeTu
TIO3HAKOMSTCSI ¢ HAyKOW, TeM OOJIBIINII MHTEPEC OHU CMOTYT MPOSIBUTH U
OoJibIlle  BO3MOXKHOCTEH pPACKpHITh CBOM IHOTeHHMal. VIHTepecHble W
yBIIEKaTeJIbHbIE YPOKK (DM3MKH B HA4aJbHOW IIKOJE CO3JalyT OCHOBY IS
JATBHEHUIIETO Pa3BUTHS HAyIHOU MBICITH M BOSMOXKHOTO BBIOOpa mpodeccun
B HAYYHOI 00IacTu.

Takum o0pazom, BKIFOUEHHE (U3UKHU B yIeOHYIO IpOrpaMMy HadalbHOU
IIKOJIBI MMEET OTPOMHOE 3HAa4YeHWe i pa3BuTHs Aereldl. OHM ToiydaT
BO3MOKHOCTh JIyYIlle IOHATH MHpP, Pa3BUTh JIOTHIECKOE W TBOPUYECKOE
MBIIIUICHUE, a TaKKe 3aMHTEPecOBAaThCS HaykamMu B 1menoM. OOyueHme
(bI/I?)I/IKC MOMOKET AC€TAM CTaTb AKTUBHBIMHM W HEIPCPLIBHO pPACTyHIUMHU
YYCHUKAMHU.

[IpenomaBanue (GU3MKH AETAM MIIAJIIETO BO3pacta TpedyeT ocoboro
noaxoJa, yuuTbiBasgd UX BO3PACTHBIC OCO6CHHOCTI/I 1 UHTEPECHI. B JaHHOM
noapasaecic paCcCMOTPUM OCHOBHBLIC NMPUHIUIIBI U METOJAblI MPEIOAaBaHUA
(U3MKK B HAYAIBHOH LIKOJIE.

OmvH W3 OCHOBHBIX MPHUHIUIIOB TNpenojaBaHusi (GU3UKA JCTAM
MJIJIIIETO BO3pacTa — 3TO paboTa ¢ PeaJbHBIMH IIPEIMETaMU U SIBICHISIMH.
PebeHky nerde moHATH aOCTpaKTHBIC TOHSATHS, €CIIH OHU HETIOCPEICTBEHHO
CBSI3aHBI C €T0 YKU3HEHHBIM OTBITOM. [103TOMY B HaYaIbHOH ITKOJIE OOIBIIOE
BHUMaHHE YACISCTCS TPOBEACHUIO TPAKTHYSCKUX OSKCIICPUMEHTOB U
HaOmoneHuit. Jletn NOSDKHBI BHAETh W OIIYHIAaTh (DU3UUECKHE SIBICHUS,
‘-ITO6I)I YCBOUTH UX CMBICII.

Pa60Ta C MOACISIMH W UI'POBBIMU CHUTyaUAMU TaAKKE SABIIACTCA
3¢ GeKTHBHBIM METOI0M TpenoaaBanus pusuku. JleTn Miaaiero Bo3pacra
MOryT U3y4aTb 3aKOHBI q)I/ISI/IKI/I, HCIOJIB3Yd PAa3JIMYHBIC MOJACIN U
KOHCTPYKIIUH. HaHpI/IMep, OHH MOT'YT CO31aTh MOJCIIb PaKEThl U U3Y4YHUTH
MPHUHIUIE Pa0OTBl PEAKTHBHOTO ABHTATels. Takue WIrPOBBIC CHTyalldd
JIeTal0T Y4eOHBIN MPOLIECC NHTEPECHBIM U 3aIIOMUHAIOIIUMCS U1l IETEH.

IToHATHBIH ¥ JOCTYIHBIN SI3BIK TaKXKE SBISETCS BAKHBIM IPUHIIUIIOM
npernonaBanus (U3WKH JETAM MIAQMIIET0 BO3pacTa. YUYUTENIb OJDKEH
HCTIOJIB30BaTh MPOCTHIC U MOHITHBIC TEPMUHBI, U30€Tas CIIOKHBIX HAYIHBIX
(opMyMpoBOK. PebeHOK TOJDKEeH JIETKO 0CO3HATh U 3aIOMHHTH TOHSTHS 1
3aKOHBbI (1)H3I/IKI/I, 4TOOBI IIPUMEHATH UX B HOBCQ}IHQBHOﬁ JKH3HU.

AKTHBHOE BOBJIICUCHHE JIeTEH B YUEOHBIN MPOIECC €I1e OJUH Ba)KHBIN
MIPUHIUI TIpeniofgaBaHusl (U3NKKM B Ha4daJNbHON mIKoje. PeGeHok moimkeH
OBITh aKTUBHBIM YYaCTHHKOM YpOKa, 3a/1aBaTh BOIPOCHI, BEICKa3bIBaTh CBOU
MBICTI W [IelaTh COOCTBEHHBIC BEHIBOABI. YUHTENb MJOJDKEH CO3/aTh
atMoc(epy TBOPYECKOW CaMOAEATENBHOCTH, TN KaKIbIH peOeHOoK Oymer
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MUMETh BO3MOXXHOCTb IPOSIBUTH CBOM CIIOCOOHOCTH M MHTEPECH B 00JIaCTH
¢bu3uky.

KoMMyHUKaTHBHBIN MOAXOJ TaKke sBIsieTCS 3(QQEKTUBHBIM METOJOM
npernosaBaHusl (QU3NMKK JETSAM MIIQJNIEr0 BO3pacTa. YUUTENb JIOJDKEH
3aMHTEPECOBaTh U MOTUBHPOBATh peOCHKA K U3YUYECHUIO (M3HMKH, CO3/1aBaATh
MOJNIOKUTENBHYI0O  OOCTaHOBKY Ha ypoke. BakHO ycTaHaBIHMBaTh
JIOBEPHUTENbHbIE OTHOLICHWA C YYEHMKAaMH, MOAJEPXKHMBATb HX U
CTHMYJIMPOBATh K JaTbHEHIIEMY Pa3BUTHIO B 001acTH (DU3UKH.

B 3akmoueHme, mpemonaBaHue (DU3MKH OETAM MIIAJIIETO BO3pacTta
TpebyeT ydera Mx ocoOeHHOCTEH M MHTepecoB. OCHOBHbBIC NPHHIMIBI U
METOJIBI MPEToAaBaHusl (QU3UKH B HAYAIBHOU IIKOJIC BKITIOYAIOT PaboTy C
peaIbHBIMU IIPEIMETaMU U SIBJICHUSIMU, UCII0JIb30BAHNE MOZEIIEH U UTPOBBIX
CUTyalUl, MOHATHBIA U JOCTYIIHBIH S3bIK, aKTUBHOE BOBIICYECHUE JIETEH U
KOMMYHHUKAaTUBHBIM mojxoa. IlpaBunbHO OpraHM30BaHHBIN — y4eOHBIN
npoLecc MOMOXKET JETSM HE TOJIbKO YCBOUTH (DPU3MYECKUE 3aKOHBI, HO U
Pa3BUTH CBOM MHTEPEC K HAYKE.
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OU3NYECKAS OIITUKA: OCHOBHBIE ITPUHIIUIIBI 1
SIBJIEHUSA B MUPE CBETA

®duzndeckas ONTHKA — 3TO pas3nen (GU3UKHU, KOTOPHIM H3ydaeT CBOMCTBA
CBeTa ¢ MOMOIIBIO BOJIHOBBIX U 3JIEKTPOMArHUTHBIX Teopuid. OHa OCHOBaHA
Ha TIPEACTABICHWH CBEeTa KaK »JJCKTPOMAarHUTHOW BONHBI, KOTOpas
pacnpocTpaHseTcs B MPOCTPAHCTBE U B3aUMOJEHUCTBYET C MaTepUEH.

®dusnyeckas ONTHKA HCCICIYyeT TaKWe SBIICHUSA, KaK JTUPPAKITHS,
uHTepbepeHIys 1 noyisspuzanus cBeta. OHa TakkKe H3ydaeT B3auMOICHCTBHE
CBeTa C Pa3IMYHBIMH ONTHYCCKHMMH MaTepHhallaMd, TaKUMH KakK CTEKJIO,
3epKajia ¥ JTUH3bI.

OcCHOBHOW 3amadyeil (U3NICCKOW ONTUKU SBIACTCA OOBICHEHUEC U
MpecKa3aHue MOBEICHUS CBETa B PA3IMUYHBIX CUTYalUAX. DTO MO3BOJIAET
HaM TOHSATh, KaKk pabOTaIOT ONTHYECKUE MPUOOPHI, TAKHE KaK MHKPOCKOIIBI,
TEJIECKOTBl U JIa3ephbl, U MPUMEHATh OTH 3HAHUS B PA3IMYHBIX OOJIACTSX,
BKJTIOYAs MEJUIINHY, TEXHUKY W HAYKY.

Cunraercst, 9to (u3myeckas onThka (HOPMHUPYET YHHBEPCATBHBIN
OTHeN DJEKTPOAMHAMHKHU, KOTOPBI OXBAaTHIBAE€T OBICTPO MEHSIOIIHUECS
AJIeKTpOMarHuTHEIE moiisi. OcoOeHHOE ee 3HAYCHHUE 3aKITF0YaeTCs B TOM, U4TO
OHa HCCheayeT Ty 00iacTh (U3WKH, IJIe MPOHMCXOISIT Haubojee TOHKUE
M3MEPEHUs U B pe3yIbTaTe TOr0 BO3MOXKHO Hanboee rimy0oKoe IOHUMaHUE
BCeX MOJPOOHOCTEH (PU3NUECKIX MPOLIECCOB.

Crioco0b1 pu3HYecKol ONTUKU CUUTAIOTCS BEChbMa YHHBEPCATBHBIMHU.
OHU IPUMEHSIOTCSI, KaK B 33]]a4aX PacCEsTHUS MarHUTHBIX BOJIH Ha POBHBIX
MIOJIHOCTBIO MJIM YACTUYHO OCBEILEHHBIX 3JIEMEHTaX, TaK U B IPOCTPAHCTBAX,
/i€ IPEIMETOM PacCesTHUS BHICTYMAIOT MaTepHAbHBIEC TEIa C KPOMKaMHU.

OpnHako, ecTb W OTpHLaTeldbHas cTopoHa. HemMHOro Xxye omTHKa
¢u3ngeckrx ABICHUN GYHKINOHUPYET B BOIIPOCAX PacIpeIesIeHIsI BOJIH Ha
BEILECTBaX C CUWIbHBIMU M3JIOMaMHU IMOBEPXHOCTU. B uTOre TOYHOCTH €€
OKa3bIBAaETCs yAOBIETBOPEHHONW TOJBKO B HAMPABJICHHUSIX T€OMETPHUIECKHIX
OTpakeHUi. B Tex HampaBIIeHUsX, T/ie TIIaBHAS POJIb IPUHAUICKHUT KPACBBIM
BOJIHaM, METO/IbI U3y4aeMOro pa3zelia JaeT HEBEPHbIE Pe3yIbTaThI.

VYike B IEPHO MPOBEJCHHS IMEPBBIX ONTHYSCKUX HUCCIICAOBAHUNA OBLITH
AKCIIEPUMEHTAIILHO YCTAHOBJICHBI CJIEIYIONINE YEThIpe OCHOBHBIX 3aKOHA
SIBIICHUHA (DPU3UYCCKOW ONTHKH: 3aKOH CAMOCTOSTEILHOCTH CBETOBBIX
IMy4KOB, 3aKOH TMPSAMOJIMHEHHOTO  pacmpeleNieHus CBeTa, 3aKOH
MOJIHOLIEHHOTO ~ OTPa)X€HHsl OT 3€pKajJbHOW  MOBEPXHOCTH, 3aKOH
MIPEJIOMJICHHUS] CBETOBBIX JIyuel Ha TPaHMIIC ABYX MPO3PAYHBIX CPE/I.
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JanpHeiiliee M3y4YeHUE W peaNu3alis Ha MPAKTUKE ITUX 3aKOHOB
BBIBEJIO, YTO OHU MMEIOT HE TOJIBKO IITyOOKUH CMBICH, HO M OTPAHUYCHHOCTh
X MPUMCHEHHs, TaK KaK OHM CYMTAIOTCS JIUIIb NPUOIMKEHHBIMH K
JICHCTBUTEIIFHOCTH TCOPHUAMHU. YCTAHOBJICHHE TPaHUI] HMPUMCHUMOCTH U
YCIIOBUIA TJIABHBIX ONTHYECKHX 3aKOHOB O3HAYald OrPOMHBIE MPOLECCHl B
paccMOTpPEeHNH CBOMCTB MPUPOBI cBeTa. boiee TiiatensHOE MccneaoBaHne
OIUCHIBAEMbBIX IIPOIECCOB IMOKA3bIBACT, YTO THIOTE3a MPSMOIUHEHHOTO
paclpoCTpaHCHUsT CBETOBBIX Jy4YeW TEpsET CIIIY, €CIIM MEPEHTH K OYCHBb
MaJbIM OTBEPCTHSIM.

3aKOHLI MpCIIOMJICHUA W OTPAXCHUA CBETA TAKKE CHPaBCIJIMBbBI H
BO3MOJXHBI TOJIBKO TPH COOJIONCHUM BCEX HM3BECTHBIX yCIoBUi. B ToMm
cilyyae, KOrja napaMmeTp OTpaXkalolled MOBEpXHOCTH, pasieisiomen IBe
AKTHBHO JICHCTBYIOIINE CPEIbl Mall, BO3HUKAIOT 3aMETHBIC OTCTYIUICHHS OT
YKa3aHHBIX IOCTYNaToB (u3uueckoil ontuku. OgHako a1 oOmMpHOU
cdepbl SBICHUI, HAOMIOJAEMBIX B MPOCTHIX ONTHYECKHX NpUOOpax, Bce
BBILIEYKa3aHHbBIE 3aKOHBI COOJIIOIAIOTCS BCET A JOCTaTOYHO CTPOTO.

dusnveckas ONTHKA B pPa3BUTUM COBPEMEHHOW (U3UKH HMeEeT
Oonpliyt0o  posib.  BoO3HHMKHOBeHHME JABYX  HauOojiee  BaXKHBIX U
PCBOJIIOIMOHHBIX THIIOTE3 JBAALATOTO CTOJIETHS, TAKMX KaK Teopus
OTHOCHTEJIFHOCTH W KBaHTOBOW (M3UKH, HEIOCPEICTBEHHO CBSI3aHO C
ONTHYECKUMH UCCIICJOBAHUSIMHU.

BakHO OTMETHTB, YTO ONTHYECKHE CIIOCOOBI aHaliM3a BellecTBa Ha
MOJICKYJISIPHOM YPOBHE CTaJld MPUYMHONW BO3HHUKHOBEHHUS CIICIHATBHOTO
Hay4YHOI'O HallpaBJICHUSA — MOJ'IeKyHHpHOI‘/’I OIITUKH.

K Heii TeCHO MPUMBIKAET ONTHUYECKAs CIIEKTPOCKOIIHS, IPUMEHSIEMas B
COBPEMEHHOM MaTepUaJlOBEICHHUH, [IPU U3YUYEHHSX IIa3Mbl B aCTPOQHU3HUKE.
CylIecTBYIOT Tak)e HEUTPOHHAs W JJEKTPOHHAsl OITHUKH, Pa3pabOTaHbI
AIIEKTPOHHBIH MUKPOCKOIT 1 HEWTPOHHOE 3epKaJIo.

3aKkoHBI OOIIEro MOCTPOCHHS HW300paKeHUsT CIyXaT 0a3od Juis
pa3paboTKu pa3sHOOOPa3HBIX ONTHYECKHX MPUOOpoB. OCHOBHOW YACTHIO
J00OTO yCTPOMCTBA B 00aCTH (PUBNIECKON ONMTHUKH SIBIISETCS HEKOTOPAs
onrtudeckas koHuenmusa. Cdepa sSBICHUHA, HcclexyeMas TaHHBIM pa3aesioM
(u3nKy, BecbMa OOIIMpHa.
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N3YUYEHUE KOJJEBAHUM MATEMATHYECKOT'O
M IIPYKUHHOI'O MASITHUKA C IPUMEHEHUEM
ITPOT'PAMMBI MATHCAD B KYPCE ®U3UKHU
OCHOBHOM IIKO.JIbI

Mathcad — 3T0 mpumoXeHHe Ui MaTEeMaTHYECKUX U HHXKCHEPHBIX
BBIUMCIICHUH, TPOMBIIUIEHHBIN CTaHIAPT NPOBEICHUS, PACIIPOCTPAHEHHS U
xpaHeHns pacdetoB. Mathcad — mpoaykr kommanun PTC — MupoBoro nugepa
paspabotku cucrem CAIIP, PDM wu PLM. Mathcad sBastercs
YHHBEpCAJIbHOM CHCTEMOH, T. MOXKET HCIIOJIBb30BaThCs B J0OOH obmactn
HAyKH U TEXHHUKH — Be3JIe, I'7Ie IPUMEHSAIOTCS MaTeMaTHIeCKHE METO/IBI.

Jokxymentsr Mathcad npencTaBnsioT pacueTsl B BHIE, OUYCHb OJIN3KOM
K CTaHJapTHOMY MaTeMaTHUECKOMY SI3BIKY, YTO YIPOIIAeT MOCTAHOBKY U
pemenue 3anad. Mathcad conepkuT TEeKCTOBBINH U (OPMYIIBHBIH pelakTop,
BBIUHCIINTENB, CPEJCTBA HAYYHOH M AEJOBOI rpadyKy, a TaKXKe OTPOMHYIO
6a3y cripaBouHOI MH(OPMAINH, KAK MaTEMaTHYeCKOH, TaK M MHKEHEPHOH.
Penaxtop ¢dopmyn obecrieunBaeT €CTECTBEHHBII «MHOTO3TaXKHBII» HaOOp
(opMyJ1 B IPUBBIYHONH MaTeMaTHYECKOW HOTAIMH (IEJIeHHE, YMHOXKEHHE,
KBaJIpaTHbI KOPEHb, HHTETPAJI, CyMMa U T. MoOIIHbIE CPEICTBA IOCTPOCHUS
rpauKOB M MAarpaMM COYETAIOT MPOCTOTY MCHOJB30BAHUS U 3(PQEKTHBIE
crocoObl BU3yalTN3aIiy JAHHBIX U MOJTOTOBKH OTYETOB.

Hanpumep, oOywarommmcs, NpOUIEAIINM JIaHHBIH KPaTKOCPOYHBIH
Kypc, OBUIO TPEATIOKEHO BBINOJHUTH Ha ypoke (GH3UKH J1abopaTopHBIE
pabotel 1o Teme «MexaHnueckue KonebaHus»: «M3yueHne koneGaHMH
MaTeMaTHYeCKOro MasTHHKa» M «VI3ydeHHe 3aTyxaromux KoieOaHui
NIPY>KHHHOTO MasTHHKa». JlaHHBIE paOOTHI OHM BBIIOJIHSUIN, UCIIOJNbB3YS T
3HAaHUS ¥ HaBBIKHM, KOTOPBIE OHM IOJyYWIH Ha YpOKaxX KPaTKOCPOYHOTO
cnenkypca «Pemenne 3agau o ¢usuke B cpene Mathcady.

[lepBrle nBa 3amaHusl OOydarouIvecsl BBHIMOJHIIOT BCEM H3BECTHBIM
croco0oM: M3MEPSIIOT MIPOMEKYTOK BPEMEHH t, 32 KOTOPBIA MAasTHUK JJTHHBI
1 coBeprraeT N nmosHbIX KosieOaHUH, Jlajiee pelaeTcst CHCTeMa YpaBHEeHUH, 13
KOTOpOH BBIBOJUTCS 3HAU€HHE YCKOPEHUs cBobomHoro maneHus. Jlaiee,
NPUHUMasi yCKOpeHHe CBOOOJHOTO TNaJeHUS] H3BECTHBIM, CHHMAeTCs
3aBUCHMOCTh TIeprojaa KoneOaHuil oT jnuHbl HUTH. CTpowtces rpaduk Ha
MacuTabHO-KOOpAWHATHON OyMmare.

Janee oOydarommmcs TPEACTOMT MHOCTPOUTH  TEOPETHIECKYIO
3aBUCHMOCTb IIepHO/ia KONEOaHUH OT JUIMHBI HUTH, MCIOJIB3Ys POrpamMmy
Mathcad. Takxke oOywarommecs 3aJal0T ypaBHCHHS 3aBHCHMOCTEH
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KOOPJHMHATBl, NPOEKLIUH CKOPOCTH W KHHETHYECKOW OJHEpPruH TIpy3a,
COBEpUIAIOIIEro KojeOaHusl, OT BpEMEHM, CUHTas KoJleOaHus Tpys3a
KOCHHYCOU/IATbHBIMH.

YrtoObl M3MEpUTHh KOI(PQUIMEHT 3aTyXaHus Tpy3a, COBEPIIAIOLIETO
KoJNieOaHus Ha MPYKUHE, 00YyHAaIOIINeCs U3MEPSIOT IPOMEXYTOK BPEMEHH, 32
KOTOpBIN aMIUIMTy/a KojieOaHni ymeHbIInTCs B 2 pasa. [anee, 3Has, 4To
aMIUIMTY/a KoJIeOaHUH 3aBUCHUT OT BPEMEHH 110 3aKOHY.

Takum oOpa3oM, Ha mpuMepe NMpuUMeHeHust nporpamMmbl Mathcad Ml
MPOWLIIOCTPUPOBAIIH, YTO MOKHO COBMECTUTHh OCHOBHOM Y4eOHBIH Mpoliecc
B Kypce O(U3MKM W 3aHSATHS TEXHHYECKOH U eCTeCTBEHHOHAy4YHOI
HArpaBJIeHHOCTU. J{aHHbIH OAXO0/ MO3BOJISIET PAa3HOOOPa3UTh BUABI PAOOTHI
YYEHHKOB Ha YpOKE, CIIOCOOCTBYeT BHEAPCHHIO WHGOPMAIIMOHHBIX
TEXHOJIOTHH B y4eOHBIH MpoOIecC, caeaarth ypOKH Oojiee HArNISAIHBIMH U
yBiekarenbHbIMH. [Ipumenenue mporpammbl Mathcad nomoraer yuine
YCBOUTH Y4EOHBIN MaTepHal.
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OPTAHM3AIMS ITKOJIbHBIX ®U3UYECKHAX
JTEMOHCTPALIMI B JUCTAHIMOHHOM OBYYEHUH

du3nKa OKpyKaeT Hac, BCE SIBICHUS, KOTOPBIE IPOUCXOASIT B IIPUPOIE
JeTsITesl Ha (U3MYecKne WM XuMHudeckue. V3ydeHne Qusnku deiaoBexoM
HAacTymaeT yXe B paHHEM Bo3pacTe, Korja peOEHOK HadmHaeT OpocaTh
IpeIMETH ¥ MPOO0BaTh MX HAa BKyC. JleTH BHIMAT, KaK JICTUT CaAMOJIET, €T
MaIlliHa WIN KadaroTcs Kadeid, Bc€ 3To ¢u3uka. CucreMaTHuecku QU3NKy
HaYMHAIOT H3y4yaTh B IIKoJie. Ha ypokax yd4WTenb INOKa3bIBaeT pa3HbIE
OTIBITHI U IMOHCTPAIIUH, KOTOPbIE HECYT B ce0e (HU3NIECKHUIA CMBICIT.

Hacrosimee oOpazoBanue B mKOjie BCE 4Halle CBOJAUTCS K
JUCTaHIMOHHOMY. [l03TOMy ZIeATeNbHOCTh YYWTENs B AWCTAHIMOHHOM
0o0y4eHHH OTJIMYaeTCs, OT JEATeNbHOCTH YYWTelNsl, padoTarolmero B
TPaAUIOHHOM (opMmare. YCIO0XKHAETCS ACATEIbHOCTh MPENOAaBaTeNs 10
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pa3paboTke y4eOHBIX KypcoB, OOIIEHHE YYHUTENs C KIAacCOM MOJXKET
CBOJUTBCS K HMHIMBHUIYaIbHBIM Oecenam, OoJblias yacTh Harpy3kd HpU
JIVCTAHIIMOHHOM O0YYEHHHU NPUXOANUTCS Ha yUaIHXCS.

YT10OBI MOHATH BCIO CYHIHOCTh (DM3MYECKOH MPHUPOABI, HEOOXOAUMO
YBHUIETh JEMOHCTPAIMOHHBIE 3KCIEPHUMEHTHI, KOTOPhIE OOBIYHO MPOBOIUT
YUYHUTEINb Ha YpOKax, IpH OOBSICHEHUH HOBOT'O Marepuaina. B aucraHnmonHoM
00y4YEeHNH YYNTEISIM CTAaHOBHTCS CIIOXKHEE NPOBOJHUTH YPOKH, a MMEHHO
MIPOM3BOAUTH (u3Mueckue aeMoHcTparuu. CTOUT 3aJyMaThbes, 4TO celdac
HHTEPECHO yYaIIHMCS.

VYuyamuecs MOT'yT H3TOTOBUTH (PU3NYECKHE yCTAaHOBKH CAMOCTOSTEIBHO
13 MOAPYYHBIX CPEJCTB B JOMAIIHNX yCIOBHSIX. Takoi opMar peaansyem,
€CIIM YCTaHOBKU He TpeOyIoT crienuaibHOro 000pynoBaHus. ONbITEl MOTYT
OBITH HE CIOXXHBIMH M JOCTaTOYHO NMPOCTHIMH. Hampumep, mpu U3ydeHUH
Tembl «Cuia ynpyroctw» HEOOXOIUM JHHAMOMETP, Ha KOTODBIN
MOJBEIIMBAIOT TPY3MKHM pa3sHOM Maccel M 3areM 1o  (opmyre
MOJICYUTHIBAETCS KO3 UIMEHT kECTKOCTH MPYKUHBL. J[eMOHCTpaMOHHBIN
JUHAMOMETpP Yy4Yaluecs MOTYT W3TOTOBUTh U3 MOJPYYHBIX CPEACTB,
HarpHuMep, 3TO MOTYT OBITh: JIMHEHKA, NPY>KUHA (MM PE3UHKA), PUIIETKa,
ckpenka. M3rotoBneHHe Takoro AUHAMOMETpPA 3aliMET BCEr0 HECKONBKO

%
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Ha pucynke mpezacrasiieH rpys3, IOJBEIICHHBII, Ha TPYXHHE, I/e Ha
HETO JICUCTBYIOT 1BE CUJIBI — ynpyroctu F,, = kx (1) u Tsokectu F, = mg
(2), rme K — sxecTKOCTh MPYKUHBI, X — YAJIHHEHHUE THOO0 CHKATHE TIPYKUHBI, M
— Macca rpysa, § — yckopenue cBo0oqHoro najenus. [IpupaBHuBast npaBbie
gactH (1) u (2) nerko noayanuTs GopMyITy JUIA pacdeTa >KECTKOCTH Py KIHBL:
k==2@)

X

IIpu usyueHun Tembl «YOpPyrue U HEYNPYrue CTOJIKHOBEHHUS TEI»,
MOJKHO B3SITh J[Ba IIapHKa HM3TOTOBJIECHHBIE W3 YNPYroro marepuaia (3To
MOTYT OBITh IIAPUKH M3 HACTOJHLHOTO TEHHHCA WIIM EJOYHBIX MIPYLIEK) U
MMOJBECUTh UX, 3aTeéM HaOMI0JaTh 3a HX B3aMMOACHCTBHEM. A s
JIEMOHCTpalMK a0COJIOTHO YNPYI'MX CTOJKHOBEHHH, MOXKHO C/ENaTh
MIAPUKXA W3 IDIACTHIMHA, KOTOPHIE NPH B3aMMOJCHCTBHU CIMITHYTHCS U
OyZIyT OBUrathCsi Kak €AuHoe Lenoe. MHOro JIpyrux MpOCTBIX YCTaHOBOK
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MOTYT cJieJlaTh Yydallluecsi CaMOCTOSITEIbHO JOMa, a TaKKe W3MEHATh
HayalbHbIE YCIOBUS, JUIS BBISIBICHHS OTIPEAEIEHHBIX 3aKOHOMEPHOCTEH.
JlucTaHIIMOHHOE OOydYeHHE HMMEET psA IUIFOCOB: ydalnuecs Ooiblie
BBITIOJIHSIOT CaMOCTOSITENIBHBIX paboT; POBOJAT JOCTATOYHOE KOJIMYECTBO
BpeMs 3a IOMCKOM HeoOXoanMmoil MH(pOpManuy, 4TO MOBBIIIAET KAaueCTBO
3HaHWH; 00pabOTKy MarepHaia ydalluecs MOTYT HPOU3BOIUTH B CBOEM
yIOoOHOM TEMIIE, BO3BPAIIATLCSI HECKOJIBKO Pa3 Ha3a[l, MEPEUUTHIBATh TEKCT.
B 3akmroyeHun XoueTcsi OTMETHTh, YTO JUCTAHIMOHHOE 00pa3oBaHHE
UMEET CBOM IUIIOCHL. Y4amuecs OONBIIYI0 4YacTh BPEMEHH OOYJaroTCS
CaMOCTOATENbHO.  J[eMOHCTpal[MOHHBIE  JKCIEPUMEHTHl 10  (DU3UKE
yYaIMcst MOKHO TIPEJOCTABIATE B Bueo opmate. A 3 peKTHBHEE BCETO
CaMOCTOSATENIFHOTO KOHCTPYHPOBAHUS IEMOHCTPALMOHHBIX YCTaHOBOK.
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INOHATHUE TAPAMETPA B MATEMATHUKE

3amaun ¢ mapaMeTpoM — BakHasg TeMa B MaTtematuke. OHM pa3BUBAIOT
JIOTMYECKOE MBIIUICHHE W MaTeMaTHYeCKyl0 KyJbTypy OOydYaroIuxcs, HO
BBI3BIBAIOT 3aTPYyIHECHHUS.

AXTyaJIbHOCTB 3TOH TeMbI 00BSICHsIETCS €€ HannureM B 3aadax Ha EI'D
W ONMMIMAAAX. BONBIIMHCTBO ywamuxcs He 3HAIOT, KaK pemaTth 3agadn
TaKoro THa. MHOTHE BBITYCKHUKH JHIIAIOT ce0s1 BO3SMOXXHOCTH TOJYYHTh
BBICOKHE OaJlTBI 32 3aJaHMS C TIApaMETPOM.

PaccMoTtpum noHsiTHE MapameTpa noapooOHee.

[TapameTp — 3TO BeNMYMHA, XapaKTEPHU3YIOMIas HEKOTOPOE CBOMCTBO.
PaccmaTpuBath mapamerpel — 3T0 Bcersaa BblOop. [lokymast Bemib, MBI
TIIATENEHO W3ydaeM e€ OCHOBHBIC XapaKTePUCTHUKH. OTO KacaeTcs H
JKU3HCHHBIX CHTYAaIlUii: MBI CTOMM Tiepe BRIoopoM [1].

B maTematuke mapaMmeTp — 3TO He3aBUCUMas repeMeHHast. Bo3pMéEM 3a
OCHOBY CIIEAyIOIIee OIpeJesieHHe: MapaMeTpoM CUUTAeTCs He3aBHCHMas
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NepeMeHHass CcO  3HaueHHWeM, 33/laHHbIM  (UKCUPOBAHHBIM WU
MIPOU3BOJBHBIM JE€HCTBUTENBLHBIM YuciIoM [1].

«PemmTb 3a1aqy ¢ mapaMeTpOM» O3HAYACT MPEAbIBUTE 000CHOBAHHBIN
OTBET JJIsl JII000T0 WIIM KOHKPETHOTO 3HaueHus napamerpa. OTBET B TaKUX
3a7ja4ax — 3TO ONHCAHWE MHOXXECTBA PEIICHHW ypaBHEHHUH, HEPABCHCTB U
Tak jajee MpU KOHKPETHBIX 3HAUEHUSX IapaMeTpa.

OCHOBHBIE TUIIBI 33124 C TAPAMETPaMH:

Tun 1. YpaBHeHHUs,, KOTOpbIE HY>KHO PELIMThH AJIS JII0OOOT0 3HAUCHHMS
rmapaMeTpa WIM s 3HAaUCHWH IapaMeTpa W3 MHOXECTBAa 3apaHee
OTOBOPEHHBIX.

Tun 2. YpaBHEHHS, IUI1 KOTOPBIX HY>KHO ONPENCTUTH KOJIWIECTBO
pelIeH B 3aBUCIMOCTH OT 3HaueHHs MapameTpa.

Tun 3. VYpaBHEHus, A1 KOTOPBIX HY>KHO HalWTH BCE 3HAYECHMS
IapaMeTpoB, NPU KOTOPBIX yKa3aHHbBIE YPaBHEHUS WM UX COBOKYIHOCTH
HMEIOT OTPEJICIICHHOE KOJTUIECTBO PEIICHUH.

Tumn 4. YpaBHeHUs, 1151 KOTOPBIX MHOKECTBO PELICHUN YAOBIETBOPSAET
3a[JaHHBIM YCIIOBHSM B 00JIaCTH orpeneneHus [3].

MHoroo6pasue 3a1a4 ¢ mapaMeTpoM 0XBaThIBAET BECh KyPC HIKOIbHOM
MaTeMaTUK{, W TOJABISIOMAs YacTh W3 HUX OTHOCHUTCA K OJHOMY U3
YeThIpeX THIOB, KOTOPHIE 110 3TON MPUYHNHE Ha3BaHBI OCHOBHBIMH.

OcHOBHBIE cITOCOOBI PEIICHNS 3a/1a4 C TapaMeTpOM:

Croco6 [ (amamuTHdeckwii), 3TO CHOCOO TPSAMOTO pEIICHUS,
TIOBTOPSIIOLINI CTaHAAPTHBIE MPOLIEyPBl HAXOXK/ICHHS OTBETA B 3aa4ax 0e3
napamerpa.

Cmoco6 1II (rpadmdaeckuii). PaccmarpuBarorcst TpauKi B pa3IHIHBIX
KOOPAWHATHBIX IIOCKOCTAX.

Crmoco6 I1II (pemenne oTHOCHTENBHO MTapameTpa). [Ipu pemeHnn >TiHM
crocoOoOM TMepeMEeHHble X M a pPaBHONpaBHbI, W BBHIOUpaeTcs Ta,
OTHOCHTEJIFHO KOTOPOI pElIeHHe YNpOIAaeTcs, a 3aTeM BO3BpaIlaeMcsl K
HCXOJTHBIM TIEPEMEHHBIM [2].

Ilepefinem Temeps K JEMOHCTpAIMH yKa3aHHBIX CIOCOOOB pPEIICHHUS
3aJa4 ¢ MapaMeTpoM.
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OCOBEHHOCTH UCITIOJIb30OBAHUS ITPOBJIEMHOTI'O
OBYYEHNS B COBPEMEHHOM HIKOJBHOM OBPA30OBAHUN

Cytp mpobimeMHOTO OOY4YeHHS B  COBPEMEHHOM  IIKOJIBHOM
00pa30BaHNH COCTOUT B CIICIYIOIIEM:

1. Opraamzamuy y4eOHOTO MPOCTPAHCTBA, KOTOpOEe IOOYXKITaeT K
UCIIOJIb30BAHHUIO CBOEr0 TBOPYECKOTO TOTEHIMAAa M  CTHMYJIHPYET
AKTHBHYIO IEMOHCTPALUIO X TBOPYECKUX CIIOCOOHOCTEH.

2. [Touck MakCHMMaJbHOTO BO3JCHCTBHUS HA PA3BUTHC YUAIIUXCS B XO/IC
00pa30BaTeNBPHOTO MpoIlecca, C aKIIEHTOM Ha HHIUBHIyalbHOE Pa3BUTHE
Ka)JTIOT0 00yYaroIerocs.

3. IlpexacraBienue yueOHOTO MaTepuasa B (opMe JIMYHOCTHO
3HAYNMOH TpOOJEMBI, KOTOPYI0 OOydYalomuiCcs paccMaTpUBAeT Kak
3HAYHMYI0 33Ja4y, CIOCOOCTBYIOMIYIO Ooiiee TITyOOKOMY OCMBICICHHH, U
YCBOCHHUIO MaTepuana [2].

[Ipu wucmone30BaHUHM METOAa MPOOIEMHOTO OOYYEHHS BaXKHBIM
KOMIIOHCHTOM SIBIIICTCSI BO3HHKHOBCHHE MPOONeMHOI curyanuu. A.M.
MarTIOIIKUH OTMETHJI B CBOEM HCCIIEIOBaHUH, YTO OHA BKIIOYAET B ceOs
CJIE/IYIOIIE OCHOBHBIE ACIIEKTHI [3]: MOTPEOHOCTH B MOJIYYCHUHU 3HAHHMI 1 HX
YJIOBIIETBOPEHUH; CTPEMIICHHE K ITO3HAHUIO, JKeJIaHWE Y3HaBaTh HOBOE, YTO
CTUMYJIUPYET YMCTBCHHYIO AKTUBHOCTbH YCJIOBCKA, YMCTBCHHBIC
CHOCO6HOCTI/I, TBOPYECKUEC HABBIKH 1 HAKOIMJICHHBIN OMBIT JIMYHOCTH.

B o0mactu MareMaTWKH IMUPOKHHA CIEKTp y4eOHOro MaTepuaia
MO3BOJISIET ~ CO3[1aBaTh pa3HOOOpasHble IPOOJIEMHBIE CUTyalluH 110
paznuuHbIM TeMaM [ 1]. [aBaiite paccMOTpuM nx 0ojiee AeTaIbHO.

|. Ilpu€mbl co3maHus TPOOJIEMHON CHUTYaIllMH «C YIWUBICHUEM.
OnrcaHHBIA METOJT 3aKIIFOYACTCS B TOM, YTOOBI IPEIIOKUTHh O0YJAIOIIHMCS
MaTeMaTHYCCKYI0 3aJady WM CHTYalldlo, KOTOpas BBI3BIBACT y HHX
HECTaHJApPTHBIA WJIM YIUBUTEJIBHBIA SMOLMOHANBHBIA OTKIUK. Taxoii
MOJIXOJT CIOCOOCTBYET MPHUBIICYCHUIO BHUIMAHUA K TPEIMETY U CTUMYJIHPYET
MBICIIMTEIIbHYIO aKTUBHOCTD 06yanOH_H/IXC$[.

Il. TIpobrmemHBIE CcHTyalMH, BO3HHUKIINE «C 3aTpyAHEHHEM». B
nporiecce 00ydeHHS BO3HUKAIOT CIOKHOCTH, C KOTOPBIMH OOYYaloIIHecs
MOTYT CTOJIKHYTbCA. [IpuMeHeHme »>(QEKTHBHBIX METOIOB pa3pelICHHUS
KOH(MJIMKTOB TIOMOXeT Tenarory d3(QdQexkTuBHO pemarb NpoOJeMHBIC
CUTYyAaIlNY, BOSHUKAIOIINE BO BPEMsI 3aHATHI [0 MATEMaTHKE.
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Ill.  Cozpganue mpoONEMHBIX  CHTyalMid 4epe3  yMBIIUICHHO
JONYyIIECHHbIE y4HuTelleM OIIMOKKM. B Tia3ax oOyuaromuxcs Ieaaror
npeAcTaBisier coOOW  WIeanbHBIA  aBTOPUTET, KOTOPBIH HHUKOTJA He
JIOIyCKaeT OIIKMOOK, M MO3TOMY OHHM YacTo 0E€30rOBOPOYHO HOBTOPSIIOT €T0
MeTobl. BosHukaeT mpobOnmema. Onm wmmyT pemienue. [locme 3Toro
oOydaromuecss BHHMATEIFHO  CIEIAT 3a JIOTHKOH W IIaramu,
MPEeaIpUHIMAEMBIMI TI€aroroM. Pe3ylbTaToM SBIAIOTCS TTOBBIIICHHOE
BHHMAaHHE M 3aMHTEPECOBaHHOCTH HA YPOKE.

IV. Co3manme mpoOJIeMHBIX CHUTyallMid depe3 MPOTHBOPEYHE HOBOTO
MaTepuajia CTapoMy, YK€ H3BECTHOMY. OTOT METOI OCHOBaH Ha Hiee
MpeacTaBlIcHAs ~ oOydarommMmcss — WHQOpPMAIUH,  KOTOpas  MOXKET
MPOTUBOPEUYHUTh WX TEKYLIMM 3HaHUAM WIH yOexJeHusM. B pesynbrare
BO3HMKAET CUTyalusi, TpeOYIOIIas AalbHEHIIero aHaIu3a U OUCKa PeIeHUS
C MX CTOPOHBIL.

Takum 00pa3oM, UCIOJIB30BaHKUE MPOOJIEMHOTO MOAX0a B 00yUCHHH
MaTeMaTuKe CTUMYIIUPYET 06yqa101111/1xc>1, pa3BUBACT HMX MBIIUJICHUE U
CHOCOOCTBYET TIIyOOKOMY YCBOGHHIO y4eOHOro marepuana. Ponb meparora
3aKITF0YAeTCs B OPTaHU3AIHHN U TMTOAIEPKKE STOTO IMpoIiecca, B TO BpeMs Kak
00yJaromnmecs: akTHBHO YYacCTBYIOT B COOCTBEHHOM 00Opa30BaHHUU.
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OBOI'PEB KOTJIOM JJIMTEJBLHOI'O TOPEHMSI
C JPEBECHUHOM

B nHacrosmee BpeMs Uit 000TpeBa KIUIBIX MOMEIICHHH MOTYT OBITh
MPUMEHECHBl Pa3HMYHbIE CIOCOOBI W OTOMHTENbHBIC mpuOOopsl. Cpemu
KOTOPBIX MOYKHO BBIJCITUTH KOTIIBI [UITEFHOTO TOPSHHUS C HCIIOB30BAHUEM
JpeBecuHbl Win e€ oTxonoB. JlaHHbIH croco0 mojapazyMeBacT SKOHOMUIO
(I)I/IHaHCOBI:-IX CpCACTB, HO, KAK U MHOTHEC APYTrue€ METOAbI I'CHEpAallun TEILIa
3TOT HPUBOJAUT K 3arpsI3HEHUIO OKPYIKaIoLIeH cpebl.

J1Jis1 onpeie/ICHUsT KOJTMYESCTBA BPEHBIX BHIOPOCOB MTPH TAKOM CIIoco0e
o0orpeBa HEOOXOJMMO 3HATh PEKUMBI TOPEHUS, YCTPOHCTBO KOTJIA, TOIKHU U
KOJIMYECTBO T0/1aBAEMOT0 TOILTHBA.

OCHOBHOE TPEUMYIIECTBO KOTIOB IJIUTEIHHOTO TOPEHHS COCTOUT B
MEIJICHHOM TIpoIlecce CXKUTAaHUS B YCIOBHAX HEIOCTaTKa KHCIOPOJa.
OpmHako, TakoW peXWM TPUBOIUT K IOMOJHHUTEIHEHBIM BBIOpOCaM B
aTMocdepy, ecau KOTEn He cHabkaeTcs KaMepod HOXKWTa, a TakkKe Iph
TAKOM PEXUMBI 00pa3yroTCs TOKCHYHBIC [UIS YeJOBEKa COCIWHCHHS.
IIpoaykTamu rOPeHHUs OT TAKUX arperaToB sBJISIOTCS 30J1a, KOTOPAst SIBIISICTCS
HEOpraHMYeCKOil 4acThl0 TOPIOYEro Martepuana, caxa (yriepon), rasbl
JKHXKKa, CoOCTOosAIad U3 KOHHGHCHpOBaHHOﬁ BOJbI U CMOJIMCTBHIX BCIIICCTB.

XUMHUYECKUN COCTaB APEBECUHBI JJOCTATOYHOM CIIOXKHBIN. B He€ BxoasT
TaKWe BEIIECTBa KaK JIMIHUH, LEJUII0J03a, TeMHIEIUII0N03a, a TaKke B
HC6OJ'H)H_II/IX KOJIMYECTBAX OKCTPAKTHBHBIC U HCOPTraHUYCCKUE BCUICCTBA. B
00IIIeM cydae 3TOT COCTaB IS PAa3JIMYHBIX MMOPOJ U NAXKe JUIS Pa3ITUIHBIX
yacTed pacTeHHs OJHON MOPOJbl HECKOJIBKO OTIMYACTCS, TAKKE, KaK U IS
JIPEBECUHBI, BBHIPALICHHOW B Pa3HBIX YCJIOBUAX. B kadecTBa TOIUIMBA B
HAllleM Clly4ae WCIOoJb30Bajach japeBecuHa Bsza. CormacHo [2,3] B ero
coctas Bxoaut: 50,2% — C, 43,4% — 02, 0,1-0,2% — N2, 6,4% — Hy, u manoe
KOJIM4YecTBO (ocdopa.

TepMuueckoe pa3ioKeHHE JPEBECUHBI — 3TO CIOXHBIM XUMUYECKHI
mporecc. B xone mepenaun Teruta ans He€ mpu Temmepatype 280-300°C,
OHEPrHs MOJIEKYJ BXOJSIIMX B COCTaB MaTepHaja CTAHOBUTCS JIOCTATOYHO
BBICOKOW IJIi TOTO, YTOOBI OHM CMOTJH Pa30pBaTh XMMHUYECKHE CBSI3H, B
WUTOTE TPOUCXOIUT BBIIEICHHUE Yyriiepogocoaepxamux Tpymm [2]. Tlpu
obyrnuBaHuu apeBecuHbl mipu  Temmepatype 400°C u arMmocdepHOM
JTABJICHUC B Ta30BOM HEKOHACHCHUpYoIleics (aze OyayT oOpa3oBBIBATHCS

111



takue BemectBa kak CO, CO», Hy, CH4, CoH4 [2], a Takke JeTyune mapel.
lopenne npeBeCHHBI €CTh AK30TEPMHUYECKHH MpolLecc ¢ MOTpPedlicHHEM
KHCJIOPOAA, KOTOPBIHA caM ce0st HoAaep KuBaeT. B 3aBUCUMOCTH OT yCIIOBHii
NPOTEKaHMsl JAHHOTO TIpollecca MOTYT OOpa3OBHIBATbCS TE€ WM HHBIE
MIPOJYKTHI TOpEHHs. B IBIMOBEIX ra3zax OT JApeBEeCHHBI 00OHAapyKeHO Ooiiee
200 coeanHEHNH — TPOAYKTOB HETOIHOTO cropanus [1].

[Ipn BeIXOAE ABIMOBBIX I'a30B M3 TONKH HAapyXy OyIeT MPOHCXOANTH
KOHJCHCANNS BOJBI M CMOJIUCTBIX BELIECTB B PE3YIHTATE YETO 00pa3yeTcs NX
cMech — XKKa. CTekanue e€ 1Mo JIMOOTBOJLY IIPOUCXOIUT B CHELUAIBHO
00yCTpOCHHBIH HAKOIINTEIb, HAXOISIINICS B HIKHEH 9acTH TPYyOBI.

B xoze oTomeHns MoMeIeHHsT HCIOIb30Baach ApeBecHHa B (hopme
kpyriska anuHoit 30-35cMm u mmamerpoM 10-15cm. Ilomxér TomnmBa
OCYIIECTBIISJICS IOCJe IOJHOM 3akiagkyd TorumBoM. Ilpu mosBieHHH
IUTaMEHH AJI peaju3allud peXuMa AIUTEIBHOTO TOPEHHUs IpocceibHas
3aCJIOHKAa NPAKTUUECKH IIOJHOCTBIO TepeKphIBajach, a MOJAyBalo C
MIOMOINBIO PETYNATOpPa TATH aBTOMAaTHYECKH YCTaHABIMBAJIOCh CJErka
OTKPBITBIM HACTOJBKO, YTOOBI MOJAEPKUBATh BBICTABIEHHOE 3HAYCHHE
TeMIepaTypsl BOABI Ha BeIXoAe U3 koTia B 60°C. Takum 00pa3oM B TOIKE
ocymecTBisuioch TieHue. Crexyromas 3akiajka HacTymajga II0 Mepe
BBITOPAHUS NMPEABIAYIIEH B TOT MOMEHT, KOT/Ia TEIUIOBOM SHEPTHH OBIIO OB
JOCTATOYHO JJIsl Pa3rOpaHust HOBOW MapTHH.

OTomieHne KUJIOTO MOMEIICHUS! C TOMOIIBI0 JIPOB IPOBOJMIOCH B
teueHun 13,5 vacoB HaumHas ¢ 12:10 mun. qus. Hiwke Ha puc.l mokazaHo
HM3MEHEHHE TEeMIIEPaTyphl C TEYCHHEM BPEMEHU CHApYXH OTAIUIMBAEMOTO
moMenieHuss tc (CuMHAA JMHMA), B momemieHMun t, (cepas JMHUA) WU
TeMIIepaTypsl BOJABI Ha BbIXO/€ U3 KoTia t, (kéntas nuuus). B 01:40 mun.
Iocyie TMOJIyHOUH OTOIUICHHE APOBAMH 3aKOHUMIOCH M B paboTy BCTYIHIH
aNeKTpuyeckue THIHBL. [IpoBexeHme 3aMepoB  Temmepatrypel  OBLIO
nponokeno o 10:00 muH. yrpa crneayromero ass. OOmee Bpems
Ha0oieHuii coctaBmiio 22 yaca.

B xo/1€ oTOIUICHNS KHUIIOT0 IOMENIEHUs APpeBeCHHOM 3a 13,5 uaca Gbu10
MIOTpadeHo 27KI TOIUIMBA, IPH YEM HanOOJIbIIee KOJIMIECTBO TOIINBA OBLIO
3arpy>K€HO B NepBOH 3axyanke. MHTepBan Mexay 3akiagkaMHu B CpPEIHEM
coctaBun 4,54aca. [lomyueHHble pe3ydbTaThl MOCIYXKAT HaydyaJbHBIMU
JAHHBIMH, KOTOPbIe HEOOXOJMMBI IIPH MTPOBEACHUH PACYETOB MO KOJIMYECTBY
BEIOpOCOB B arMocepy OT KOTIA, a Talke MO3BOIAT CPABHUTH
SKOHOMHYECKHUH 3(p(peKT OT UCTIONTB30BaHMS IPEBECHHBI B KAUECTBE TEILIA T10
CPaBHEHHUIO C 3JICKTPO3HEPTHEN.
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Puc. 1. JluHamuKa TeMIepaTypbl CHapy K1 OTaIIMBaeMOI0
MOMEIIEeHUS (CHHSS JIMHKA), B TOMELICHNH (cepas JIMHUS) U TeMIIepaTyphl
BOJIBI Ha BBIXO/IE U3 KOTIa (OkENTas IMHU)
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O COBCTBEHHOM PAJIMAKTUBHOCTH YEJTOBEYECKOI'O
OPI'AHU3MA

Bce opranMuecKye COEIMHEHHUs, PACTCHHS M YKUBOTHBIE COAEPIKAT B
CBOEM O KO Ol 238 Ra2%6
praHusMe paguoaKTHBHEIE M30TOmBI (19K*0, ¢CM, 9U%8, gsRa%?%,
90Th?%2, gsRN?22, 54P0%10, g,Pb?'% i 51p.). UenoBek He ABIAETCA UCKIIOUECHHEM
U TOKe 001agaeT COOCTBEHHOH pPaJMOAKTHBHOCTBIO. BO3ZHHKAeT BOIpOC:
KaKol BKJAJ BHOCHT KaXIbli M3 OSTUX paJHOAKTUBHBIX M30TOIOB B
COOCTBEHHYIO  PaJMOAKTHBHOCTh OpraHM3Ma M  OTYETO  3aBHUCHUT
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COOTBETCTBYIOIAsE ~ OSKBHUBAJIEHTHass  jJo3a  oOJydeHHs,  KoTopas
00yciIoBIMBaeT OMOJIOTHYECKOE pa3pylIeHHEe OpraHu3ma’?

Paouoaxmusenocmo kanua-40. T'eodusmdeckas Hayka yTBEpKAaeT,
YTO BeCh HMeouiics Ha 3emie kanuii-40 oOpa3oBaiicss HE3aI0Jro 0
BO3HUKHOBEHUSI COJIHEYHOW CHCTEMBI M caMoil IutaHeTHl (4,6 MIpa. JeT
Ha3ad) U C Tex mop uaer ero pacmaja. CBOMM CYIIECTBOBAHHEM Ha
ceronuAmHMA geHb u3oton 10K*C 00s3aH cBoeMy GONBIIOMY TIEPHOLY
nonypactana (Tos = 1,248-10° ner), B CHEACTBHM YEro COXPAHMICA C
MOMeHTa B3pbiBa CBEpXHOBOH 3BE3BbI, HA MECTE KOTOPOH 00pa30BaINChH
ConmHeuHass cucTeMa M Hama IUlaHeTa 3eMis  (MaHTuUS — 3eMiu
TIOJI/ICPKUBAETCS B PAcIUIaBICHHOM COCTOSIHUH Onarofapsi pacmany Kaius-
40).

Pacnian paamoaktuBHOTO M30TONa 19K, B OCHOBHOM, IIPOMCXOMMT MO
JIBYM KaHaJlaM.

Ilopsinxka 89% wm3oTona kamusa-40 pacmagaercss ¢ HUCIyCKaHHEM
>1nexTpoHoB (-1€7).

Ocranbubie 11% uzorona 16K*° npetepnesaet Kk -3axsar.

ITornomennas 3Hepruss cOOCTBEHHOH paaualMy HEBeNIHKa. 3a cueT
PaIMOaKTUBHOCTH H30TOMOB 19K*’ uenoBedecKknii OpraHu3M MOJTyYaeT
mopsiaka 0,221 m3B oOnydenus. [lo3a oOMydeHHs OpraHu3Ma 3a CHUeT
COOCTBEHHOM paJrialliil OT H30TOMOB Kausi-40 MeHbIe 4 %, Tak mpeaeTbHO
JoIycTUMast 7103a, paspemeHHas «HopMoil paauaimoHHoi 0€30MacHOCTHY,
JUTS )KMBBIX OPraHU3MOB mopsiika 5 m3s/rox [2;3].

[TpOHUKHYB B OpraHusM uejoseka uzorton 190K*° koHIEHTpupyercs B
TIOJIOBBIX JKeJie3aX, SMYHMKaX W MBIIIAaX. PenpomyKTHBHBIE OpIaHbI
OTJIMYAIOTCSI  TOBBIIICHHOW  YYBCTBUTENBHOCTBIO K  OOJIyYeHHIO.
OnmHOKpaTHOE 00JTy4YeHHE CEMEHHUKOB TPH A03¢ Beero junib 0,1 3B MoxkeT
MIPUBECTH K BPEMEHHOM CTEPMJIBHOCTH MYXYHHBI, a 03Bl Bbime 2,0 3B
MOJKET TPHUBECTH K TOCTOSHHOH CTepHiabHOCTH [3]. MyKCKHe TOJOBBIC
KJIETKH BOCCTaHABIMBAIOT CBOIO (DYHKIHMIO Yepe3 HECKOIBKO JieT. SIMIHIKH
MEHEee YyBCTBUTEJIBHBI K OONyYEeHHIO, OJTHAKO, OJHOKpaTHas go3a 3,0 3B
MOXKET BBI3BaTh CTEPHIIM3ALNIO )KEHIMHBI, IPX 3TOM AETOpoaHas QyHKIUS
HE BOCCTaHABJIMBAETCS.

Pagnonykmunsl Kanusa-40 B MBIIIIAX dYeJIOBEKa pacHpeaessioTCs
OTHOCHUTEIIFHO OIHOPOAHO B opraHusme uenoBeka [4;5]. Ilpuuem, B
OpraHu3Me My>KYMHBI COJIEP)UTCS Gonbiue n3otona 19K*%, uem y skeHUHUH.
ITocnennee, MoO-BUAUMOMY, CBS3aHO C TeM, 4TO Kanuii-40 B OCHOBHOM
HaKaIuIMBaeTCsl B MyCKYJIbHOM TKaHH.

[Ipu 3TOM Henb3st TpeHeOperaTh HaKOTICHHEM PAaJHOAKTUBHOTO KaJIHs-
40 B TKaHsIX MOJIOBBIX XKEJIE3, YTO SBJISCTCS IPUYMHON MyTalllil B OpraHuzme
YeJI0BEKa.

Paouoaxmusnocms yenepooa-14. V13 Bcex NPUPOIHBIX DIIEMEHTOB
tabmmnbel JI.M.MeHneneeBa yriaepoay NpUHAMISKHUT ocobas poinb. OH
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COCTaBIISIET CTPYKTYPHYIO OCHOBY OPTraHMYECKUX COCUHEHUI, B TOM YHCIe
TeX, KOTOPBIC BXOMAT B COCTAaB JKMBBIX OpPraHu3MoB. [IpupoaHbIil yriepon
COCTOMT M3 JBYX CTabuIbHBIX H30TONOB: sC? (pacHpoCTpaHEeHHOCTh
98.892%) u 6C*® (1.108%) 1 U3 YETHIPEX PaAMOAKTHBHBIX M30TOMOB (sC10,
6C, 6C¥ u §C¥). Tonbko pmonroxuBymuil paguoyriepoa-14 (ero
conepxkanue B atmocdepHom yrmepome 1070 %) npencrasnser
MPaKTUIEeCKHUH HHTEpeC, MOCKOIBKY OH Y9acTBYET B KPYTOBOPOTE yriepoaa
ouocdepsr [1].

Pagnoyrnepon-14 u cerogas mpomoinkaeT GOpMHUPOBATHECS B BEPXHHUX
ciosx atMocepsl. KocMuueckue Iydu IoCTOSTHHO 00MOapUPYIOT BEpXHUE
CJIOM 3eMHOU aTtMoc(epbl, co3aaBas OBICTPO IBIDKYIIHECS HEHTPOHEBI. JTH
HEUTPOHBI  CTaJIKMBAIOTCS c aTomMmamMH  as3oTa-14, Hanboee
PacTpoCTpaHEHHOTO 3JIEMEHTA B BEPXHUX CII0SX aTMOC(ephl, ¥ IIPEBPaIIatoT
¥X M B PaIHOYTJIepo IHbIe aToMbl 6C14,

H3zotoms! ¢C* GBICTPO CMEMMBAIOTCA C aTOMaMH KHCJIOPOAa (BTOPOTo
MO0 KOJHUYCCTBY 3JeMEHTa B arMmocdepe — okomo 21%) u o0Opasyror
PaavOaKTUBHBII YIJIEKUCIIBIH ras (COy). PaguoakTuBHBIN u
HEPaJMOAKTHBHBIN YIJCKHCIBIE Ta3bl B aTMOochepe CMEHIMBAIOTCA U B
mporecce (QOTOCHHTE3a TOCTYMAIOT B PACTCHHS W BOAOPOCIH. 3aTeM
yriaepo-14 momagaer B OpraHu3Mbl KHUBOTHBIX, Jajiee — B 1eMb mutanus. 1
JIO/IH, B TIOCIICACTBUY, CTAHOBATCS PaTHOAKTUBHBI, TaK KaK C MPOIYyKTaMHU
MUTaHUsI HE3HAUUTENBHOE KOJMYECTBO pPaguoyriepoaa-14 momaaer B uX
Tena.

Ecnu cpaBHUBaTh akTUBHOCTH u30TonoB 19K* 1 16C1* — 3870 1 2880 Bk
COOTBETCTBCHHO, TO OHH OTJIHYAIOTCI He Oomee weM Ha 25%. A mx
SKBHUBAJIEHTHBIC JI03bI CaMOOOJIydeHHs, KOTOPbIE XapaKTepPU3yIOT CTENEHb
OHMOJIOTHYECKOTO pa3pyIIeHHUs NpU paJraIlii, OTInJaTcs Oomee dem 20
pa3. DTo TOBOPHUT O TOM, YTO CaMOOOIyUeHHE YeTIOBEUECKOT0 OpraHu3Ma, B
OCHOBHOM, ITPOUCXOJIUT 33 CUYET aKTHBHOCTH Kanus-40.

/Jlpyecue paouoaxkmuenvie u3zomonsl. PaguoaKTUBHBIE W30TOIbI,
HaXOJAIIHUECs B 3€MHOM KOpe, ee IopoiaX U IoYBe, KaK MPaBHUIIO, MOTAIal0T
B BOJAYy W MHUIIEBBIC TPOMYKTH. Hampumep, koHueHTpauus kamusi-40 B
nuTheBOH Bome cocraBaster 3-10°  wmr/m, uro NPUBOJUT K €€
paaroakTHBHOCTH Ha ypoBHe mnopsaaka 0,07 bx/n. Dra Benmumna
Ype3BhIUAHO MaJia U He BEIET K KAKMM-TTUOO0 TOCIIEICTBUSAM JIJIsl OpraHu3Ma
YeITOBEKa.

IIpakTudeckn Bce TPOAYKTHI THTAaHUS COJIEPKAT HEOOJbIIOE
KOJIMYECTBO PaAHOAKTHBHEIX U30TOIOB (B ToM uncie 190K u ¢C'%), oqnaxo
NPUPOAHBIA YPOBCHb PaTHOAKTHBHOCTH OTACIBHBIX IPOIYKTOB 3aMETHO
BhIlIe cpenHero. Cpein TaKuX MPOJYKTOB MOXKHO Ha3BaTh 00OBI, Oopexu U
CEMEUYKH TIOJICONMHYyXa. PamnoakTHBHOCTH OpasmibCKOTO opexa (3a cder
conepxanus kanusi-40 u pagusi-226) MoxkeT nocturath 10 450 Br/Kr u BhIIIIE.
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K unciy mposyKToB ¢ HOBBIIIEHHOH €CTECTBEHHO! PaIi0aKTHBHOCTHIO
NpUHaUIeKaT Takke W OaHaHel. Cpennuii O6aHan coxepxut 130 Bk Ha
kuorpamm Beca. OCHOBHas IPUYMHA PAJHOAKTUBHOCTH OaHAHOB — HATTMIHE
uzorona 16K,

Copepxanne kanusi-40 B pacTeHHsX, ynorpediseMsix B numy (Bk/kr)
cocTaBIsOT: 3epHOBBIC — 18-159; oBormm cBexue — 40-170; mioas! cBexue
— 7-335; xaprodens — 174; rpubds1 — 227; dacons- 299; xrokBa — 355 u T. 1.

K rpymnmne ecTecTBEHHBIX paJHOaKTHBHBIX HCTOYHHKOB YEIOBEYECKOTO
opranusma, kpome u3otonos ¢C* m 10K, oTHOCATCA M JONrOXKUBYILME
HpOAYKTHI pachafa lenodek ypaHa-238 (52U?%®) u topusa-232 (0Th®?). B
PETHOHAX CO CpeTHEM YPOBHEM €CTEeCTBEHHOM pauaruu (Slnoxus, Poccus,
CIIA u Anrnms) nocrymienue uzorona goU?® B opranusM uenoreka c
MIPOXYKTaMH NMUTaHHS OlleHUBaeTcs Ha ypoBHe 5 Bbk. Takoro ke mopsaka
HaOmonaercs (B AHrimu W Poccun) ypoBeHb NOCTYIUIGHHS B OpPTaHHM3M
YermoBeKa H30Toma panusi-226 (ssRa??®). Tomosoe MOCTYIUIGHHE 3TOTO
M30TOMa ¢ TuIei gocturaer 15 Bk [6].

OCHOBHBIM TIOCTaBIIMKOM B OpIaHW3M YEJIOBEKa JOJTOKHBYIIHX
HpPOJIyKTOB pacmazia pajgoHa-222 (u3otons! cBuHLa-210 (s.Ph?'%) u nonouus-
210 (s4P0%'%)), Taxke ABNAIOTCA HNPOAYKTHI MUTAHUS. KOHLEHTpAUU 3THX
H30TOIOB B MOJIOKE U MsiCe OOBIYHO HEBEJIMKH, B XJIEOOIPOAYKTaX U OBOIAX
YMEpeHHbIE, B PbI0€ — JOCTATOYHO BBICOKHE. VX TO0BBIE MOCTYIUICHHS B
OpraHM3M YeNoBeKa CBA3aHbl ¢ xapakrepom nuranus: 20-30 bk (8 CHIA u
Anrnmn), 1o 40 bk (B Poccun, ['epmannn, Uanun u Utanun) u go 200 bk —
B SlnoHuun

Hzotomsl 90 Th?? (Tos=1,39-10% ner) u gsRa??® (Tos=1622 rona)
MOCTYIAIOT B OPraHM3M UYeJIOBEKa, B OCHOBHOM, C MHIIEH PACTHTEILHOTO U
KHMBOTHOTO IIporcxoxeHns. Hanbonee onacHble paAnOHYKIIH/IbI, TAKHAE KaK
panuii-226 u mayToHU-239, U3 opraHn3Ma MouTH He BHIBOISITCS.

CoJepkaHHE €CTECTBEHHO-PAANOAKTUBHBIX H30TOIIOB B TEJIE YEIOBEKA
¢ Maccoii 70 Kr co3jaeT COOCTBEHHYIO aKTHUBHOCTB OpraHM3Ma: il pyOouans
(s7Rb®") — 17 Bk, ans tputus (1H%) — 3 Bk.

Kypenne  rtaxke  ABIsSIeTCSS ~ MCTOYHMKOM  JIOTIOJHHUTEIILHOTO
nocTymueHns u30tonos g2Pb?0 (Tos=22,3 roma) u s2Pb?° (To5=138,4 cyT) B
opraHusM dyenoseka. Hampumep, axTuBHOCTh mnojoHus-210 B curaperax
konebsercs B mpenenax 11-21 Bx/kr. Y3 aToro xonuuecTBa Ipu KypeHUH B
TabayHbIN I6IM TIepexoauT Oonee 50% aKTHBHOCTH.

HexoTopble M30TONBI M30UpATEIbHO PACIPEACNISIOTCS B OpraHu3Me,
NIPEAINIOYNTasT JANUCIONUPOBATECS B OTAENBHBIX OpraHax, cosjaBas Tam
3HAuMTENbHBIE KOHIEHTpauuu. Tak TpeTha uacTh Homa  (s30'%Y),
MOCTYIMBLIETO B OpPraHU3M, CKaIlUIMBAaeTCs B IIMTOBUIHOW Kejese,
coctapisromedi Bcero 0,03% wMaccel Tena. bomnbimas 4acTte CTpOHIHSA,
¢docdopa u paaus ocemaer B CKeneTe, IE3Us — B MOHKEIYIOYHON Kelese,
MOJOHUA — B IICYEHH. B pe3ynpTare Takoro MECTHOTO CKOIUICHUS
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PaTMOHYKINIOB COOTBETCTBYIOIMII OpraH IOJ JeiCTBHEM H3IydeHHUs
OBICTPO paspyLIAETCs.

Jlpyrve ecTecTBEHHble PpAJAUOHYKIHIbl MOCTYHAIOT B OPraHH3M
YeloBeKa B OYEHb HEOONBUIMX KOIMYECTBAX M HE BEAYT K KAKHM-IIHOO
BPEIHBIM HOCIEACTBUSAM IS OPraHU3Ma YejIOBeKa.

Taxum o6pa3om, ¢ mummeii u3otons! 19K 6C14, gsRN%?2, g4P0%10, g,PH?10
Y IpyTde HOCTYNAIOT B OPTaHU3M KMBOTHBIX U uenoBeka. [103ToMy 4enoBek
PaIHOaKTHBEH KaK BECh OKPY KAIOIIHIl MHUP.

JIutepatypa

1. AxocraB., KoBan K., I'pam b. OcHOBEI coBpeMeHHOM pr3uku. — M.
IIpoceemenue, 1981. —495 c.

2. YcmanoB C.M. Pamgmammsa. CrpaBounple Mmartepuanbl. — M.:
I'ymannt. U3n. nentp BJIAZIOC, 2001. - 176 c.

3. Xomn 3.Jx. Pagnarms u xu3Hb. - [lep. ¢ aarn. — M.: MenunuHa,
1989. - 256 c.

4. Ycmanos C.M. PUTMEI OKpy KaroImero Mipa u 4eioBek. — Y ga: 1z.
Kwuran, 2008. — 200 c.

5. YcmanoB A.C. DneKTpOMarHUTHOE HM3IYUYCHHE W 4eloBeK. — M.:
Wznarensckuit nom Jlugep-M, 2009. — 116 c.

6. Iusomapos IO.I1., Muxanes B.I1. Paguanmonnas sxomorus. — M.:
W3n.uentp «Axagemus», 2004. — 240 c.
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PASBUTHUE MATEMATHYECKOTI'O MBIIIVIEHUSA HA YPOKAX
MATEMATHUKHU B IIIKOJIE

MpleHre — 3To BbICIIasl CTYTIEHb YEI0BEYECKOTO MO3HAHUS, TPOLIECC
MO3HAHUS OKPYIKAIOIIETO PEaNbHOTO0 MHUpPA, OCHOBY KOTOPOTO COCTAaBIISET
oOpa3oBaHME W  HENPEPHIBHOE  TMOIOJHEHWE  3amaca  IHOHATHH,
npeacraBicHU. VIMEHHO aKTHBHYIO CTOPOHY IIO3HAHUS OTHOCAT K
MBIIIJICHAIO, TO €CTh BHUMAaHHE, BOCIPHATHE, O0pa30BaHHE TMOHSATHH W
CYJICHHI, MPOIECC acCOIaIni.

MpemuieHHe HE CYIIECTBYEeT KAaKHM-TO OTHENBHBIM IICHXHIECKUM
MPOLIECCOM, HO OHO MPHUCYTCTBYET BO BCEX MO3HABATEIBHBIX IMpOLECCcax,
HAYMHAsI C BOCIIPHUATHUS U 3aKAHYMBAsI BOOOPAKCHUCM.
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MplieHre  pasfensioT Ha CIeAyIoIlMe THIBI: MaTeMaTH4ecKoe
MBIIIIEHUE; MPOCTPaHCTBEHHO-CXEMATHUECKOe MBIIUICHHE; a0CTpakTHOE
MBIIIUIEHUE;  AHAJIUTUYECKOE  MBIIIJICHUE; JIOTHYECKOE  MBIIUICHHE;
KOHKPETHOE MBINIICHUE; (YHKIMOHAIBLHOE MBIIUICHHE; TBOPUYECKOE
MblieHue. [2]

MaremMaTHyecKoe MBIIIEHHE — 3TO a0CTPAaKTHOE TEOPETHYECKOE
MBIIIIEHUE, 00BEKTHI KOTOPOTO JIMIIECHBI BCAKOH BEIIECTBEHHOCTH W MOTYT
HMHTEPIIPETHPOBATHCS CAMBIM IPOM3BOIBHBIM 00pa3oM, JUIIb OBl MIPH 3TOM
COXPaHSJINCH 33JaHHBIC MEXXIY HUMH OTHOIICHHUS.

MareMaTH4ecKoMy  MBIIIICHHIO  CBOMCTBEHHBI  ONpE/CICHHBIC
Ka4ecTBa:

1. TuOKOCTh MBIIIICHUS — 3TO CHOCOOHOCTh K IIEJIECOO0pa3HOMY
BapbUPOBAHHUIO CIIOCOOOB JEHCTBUIl; CIIOCOOHOCTD MEPECTPOUKU CUCTEMBI
3HAHWM, YMEHUN U HaBBIKOB IIPU U3MEHEHUU YCIOBHMH ACHCTBUSA; YMEHUE
nepexoguTb OT OJHOTO HeﬁCTBHH K JpyroMy M BBIXOAWUTH 3a I'PaHUIIbI
MIPUBBIYHOTO criocoba JeHCTBHSI.

2. AKXTHMBHOCTh MBIIIJICHHS — 3TO IIOCTOSHHBIE ycuius, KOTOPbIC
HampaBJCHBl Ha pEIICHHWE KaKoH-TMOO mNpoOJIeMbl, 3ajadd; H3ydeHHE
Pa3JINYHBIX TTO/IX0/I0B U BAPHAHTOB PELICHUS.

3. OpraHu3oBaHHOCTh IMAMATH — 3TO CIOCOOHOCTh K OBICTpOMY H
MIPaBUJILHOMY BOCTIPOM3BEJICHUIO HY>KHOH nH(popMannm.

4. Illupora MBIIUIEHUS — 3TO CIOCOOHOCTH K (hopMHpOBaHHIO
0000IIIEHHBIX CIIOCOOO0B JICHCTBHH.

5. I'myOrHa MBIIUIEHUS, TO €CTh CIIOCOOHOCTH TTTyOOKOTO MOHUMAaHHS
KaXKJIOTO U3 U3y4aeMbIX (DAKTOPOB U X B3aUMOCBSI3H C IPYTUMHU (HaKTOPAMHU.

6. KpI/ITI/I'-IHOCTI) MBIIIJIEHUS — YMCHHC OICHHUBATHh IPaBUIBHOCTH
BBIOpAHHBIX TIyT€Hd pelIeHHs MpoOJIeMbl W MOJydYaeMble IIpU ITOM
pe3ynbTatsl. [2]

HecomuenHo, o0y4aromuecs: pa3BUBalOT MaTeMaTHYECKOE MBIIIIEHNUE,
B NEPBYIO OYepenb, HA ypOKaX MaTeMaTHKH. MIMEHHO TaM OHM MOJIy4aroT
MpEACTaBIEHU O MaTEeMaTUYEeCKUX MOJEINAX, OBIAJAEBAIOT Pa3IUYHBIMU
MaTEMAaTUYECKUMH PACCYKIECHUSMH, OBJIAAEBAIOT YMEHHSIMU PpELICHUS
3aja4, pa3sBUBAIOT MaTeMaTHUYECKYI0 MHTYMIUIO, a TIaBHOE — IPUMEHSIOT
MaTeMAaTUYECKUE 3HAHUS MPU PEIIEHUM Pa3IM4YHBIX 3a7ad U OLEHUBAIOT
TIOJIYYCHHBIC PE3YJIbTATHI.

Bo Bce BpemeHa B 00yueHHH MaTeMaTHke OOJbIIasi POJIb OTBOIMIIACEH
3amadaM. Ha naHHBIE MOMeHT Oonbllee pacHupOCTpaHEHHE MOIydaeT
MIPOTPECCUBHBII METOA OOydYCHHUS 4epe3 3aJadl KaK peaan3aliis CUCTEMbI
npoGiieMHOT0 00ydeHusi. Pa3HOOOpa3HbIe CUTyallH, KOTOpPbIe BO3HUKAIOT
Ha MaTepualie Kak MaTeMaTHIeCKOM, TaK 1 HEMaTEMaTHIECKOM, IPUBOAAT K
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CTaHAAapPTHBIM WJIM HECTaHAAPTHBIM 3a/ladaM, aJTOpUTMa PEIIeHUs] KOTOPBIX
100 HE CYIECTBYET, TM0OO OH ellle HEU3BECTEH.

3amada mpeAmoyiaracT  HEOOXOMUMOCTh  CO3HATEIBHOTO — IIOMCKA
pemenus. Ilponecc pemieHus 3agauyd AeNAT Ha YEThIpe OSTama: aHalu3
YCJIOBHUS 3aJa4d; MOUCK M COCTAaBJICHUE IUIaHA PELIEHUS; OCYIIECTBICHHE
IUIaHA peIIeHHs, TO €CTh HEMOCPEACTBEHHOE pelIeHHe 3a1adu;
HCCITeIOBAHNE HAWIEHHOTO PEIICHNUS 1 3alMChIBaHue oTBeTa. [1]

IMocne odopmieHns pemeHNss HEOOXOTUMO BEISBICHHE TJIABHOH
MBICJIH, TIOJIOKEHHOIH B OCHOBY pelleHHs. PerieHne 3amadn HECKOJIBKAMHU
cnocobamMu  SBIACTCS OOHAM U3 TIyTed NPOBEPKH MPaBUIBHOCTH
MOJYYCHHOTO DPEe3yJbTaTa. Ba)kHBIM MOMEHTOM SIBIISIETCS COIIOCTABJIICHUE
HalJCHHBIX PEUICHUH, BblIeJIeHHe 00jiee PAlMOHAIBHBIX U MOYYUTEIbHBIX.
DTO TyTh BOCHUTaHHWS THOKOCTH MAaTeMaTUYeCKOTO0 MBIIUICHUS U
HAXOYUBOCTH.

Hcxonss w3 BBINIENIEPEUHCICHHOTO MOXHO CJeNaTh BBIBOJ, UTO
y4eOHbIC M pa3BUBAIOIIKEC 33aJaud — OCHOBHBIC CpEACTBA pPa3BUTHUSA
MaTeMaTHUUECKOTO MBIIUICHUS Ha YPOKaX MaTeMaTHKH B IIKOJIE.

Jlutepartypa

1. Erymoa, M. B. IIpakTuko-opHeHTHpOBaHHOE OOydYCHUE
MaTeMaTHKe B IIKolie: yueOHoe mocodue / M. B. ErymoBa; MockoBckuit
Mearorniecknii TocyJapcTBEHHBI YHHBEpcuTeT. — MockBa: AkaneMust
CTaHJApTHU3AIMH, METPOJIOTUH U cepTudukarmu, 2014. — 239 c.

2. Hewmos, P. C. O0miast ncuxoyiorusi: y4eOHHUK JJIsl TIeJaroru4ecKux
By30B: B 2 yactsx: [16+]/ P. C. Hemog, E. C. PomanoBa. — Mocksa: Bnanoc,
2021. —Yactb 1. — 529 c.

®daijizyanuna P.P., Pycunos A.A.
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JJOTAPUOMHNYECKUE YPABHEHUS C TAPAMETPAMU

M3ydeHue pa3nn4HbIX IPOLECCOB U 3aKOHOMEPHOCTEN YaCTO CBOAUTCS
K PELICHUIO YPaBHEHMH, KOTOPBIE COIEpXkaT mapaMeTp. B OonbinMHCTBE
CllydaeB TaKMe 3aJlaHMsl BBI3BIBAIOT TPYAHOCTH Y YYAILIUXCs, HOCKOJIBKY HX
W3YYCHUIO OTBOAUTCS OYEHb MaJl0 BPEMEHH, XOTS I0J00HBIC ypaBHEHUS
BXOJSAT B CIOXHYH rpynmy 3aganuii EI'D. [lna pemenus 3agaHuil c
apaMeTpaMy He0OXOJMMO XOPOIIO BIaJETh TEOPETHUECKUMHE 3HAHUSIMH, U,
KOHEYHO, YMETh IPUMEHSATH 9T 3HAHUS Ha NPAKTHUKE.
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Jlorapugmuueckue ypaBHEHHUs, OCOOCHHO C MapaMeTpaMH, JOCTATOUYHO
CJIOKHBIE, MT0TOMY W3HA4YalbHO HaJ0 M3Yy4YHUTh B JIOJDKHOM 00beMe Bce O
norapumax.

JlorapumMoM MONOKUTENBHOTO uncaa b mo ocHoBanuio a (a>0, a£0)
Ha3bIBACTCS MOKA3aTeNb CTENEHH C, B KOTOPYIO HY)KHO BO3BECTH &, YTOOBI
nony4uThb b, To ecth: log,b = c,a® = b. [1]

CaoiicTBa oraprumoB:

x
qlogdab = p loga; = log,x — log,y
logea =1 log,x™ = nlog,x

1
log,1 =0 log,nx = Elogax
logyb
log,(xy) = log.x + log,y log,b = l0g,a
ITocne Toro, kak pazoOpaiauch C Jorapupmamu, IepeneM K
napamMerpam.
IMapameTpamu Ha3BIBAIOTCA TEpPEMEHHBIE &, b, C, ..., K, KoTOpBIe MpH

peIlleHNH JAaHHOTO YPaBHEHUS CUHMTAIOTCS IIOCTOSIHHBIMH. Pemmmrts
ypaBHEHHE, KOTOPOE COIEPIKUT IMapaMeTpbl, O3HAa4daeT, YTo I KaKIOon
JIOIyCTUMOI CHCTEMBI 3HAUE€HHH MTapaMeTpOB Ha/I0 HAWTH MHOXKECTBO BCEX
pelIeHu#t JTaHHOTO ypaBHEeHuUs. [2]

B 3aBHCHMMOCTH OT pAacIIOJIOKEHHUSI TapaMeTpa, ypaBHEHUS MOXKHO
pa3zieNuTh Ha TPH BUAA:

1. VYpaBHeHHs, cozepXKallMe TIapaMeTpbl B JOTapUPMHPYEMOM
BBIpaKCHUHU

2. YpaBHeHHs, coAeprKallie IapaMeTpsl B OCHOBAHHUH.

3. VYpaBHeHus, cojepiKallfe IapamMeTpsl U B OCHOBaHHWH, U B
Jorapu(MHPyEMOM BEIPAKEHHUH.

Uro0bl pemuTh JNOrapuMUYECKOe YpaBHEHHE C IapaMeTpaMu
HEO0XO0NMO TPUAECPIKUBATHCS CXEMBI:

1. Haiitu 06s1acTh JOITyCTUMBIX 3HAYCHUH.

2. Pemnts ypaBHeHHE (Yallle BCETO BBIPA3HUTh X 4epes a).

3. Cnenarb nepebop napamerpa a ¢ yuerom O/13.

4. TIpoBeputb, YAOBIETBOPAIOT JIM HaWJCHHbIE KOPHU YypaBHEHUS
ycnoBusim OJ13.

4. 3anucatp oTBeT. [3]

Paccmotpum pemenme Ha npuMmepax. HauHem ¢ ypaBHEHuS,
coJeprkaliee mapaMeTp B J0rapupMUPyeMOM BEIPAKCHHUH.

ITpumep 1. Pemmuts npu Beex a: log,.(x% + a) = 2.
| DTaltbl pacCyXICHAN | Pemiennie ypaBHeHUst
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x+1>0,

o3
x+1+#1,
x*+a>0.
Torna x2+a=(x+1)>
x*+a=x"+2x+1
a1
T2
C yuerom O/13 x>-1 x*0
¢ 1.4 ¢ 1.
2 2 2 2
a>-1 a*1
OtBer l.Ecnma > —-1una#1,tox =
a 1
2 2
2.Ecmma < —-lwumma =
1, To KOpHEeH HeT

IIpumep 2. Pewnts npu Beex a:

log,(x +5) + log,x + log,0,02 = 0.

Oransl paccyKIeHUH

Pemenue ypaBHeHus

O/13 a>0,a#1,
{x +5>0 — x>0
x>0

Torna log,0,02x(x +5) =0

0,02x(x+5) =1

x2+5x—50=0

x; =—10
He ygoBjaetBopsieT 013
x, =5

OtBeT 1.Ecima >0ua+1,Tox =5

2. Ecmma <Oununa =
1, To KOpHeH HeT

IIpumep 3. Pemuts npu Bcex a

tlogglax +1) = 1.

Oramnsl paccyKIeHUN

Pewienue ypaBHeHMst

O/13 a>0,a+1,
(ax+1)>0
Torma ax+1=a>0
ax=a-—1
a—1
X =
a
OTtBeT 1.Ecoua <Oua=

1, TO pelieHUH HET
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2.Ecma >0wunua # 1, To
a—1

X =

a

PaCCMOTpeB peUICHUC PAa3HbIX BUOOB J'IOFapI/I(l)MI/I‘IeCKI/IX ypaBHeHI/Iﬁ C
napaMeTpaMu, HCJIb3A CACJIaTh BBIBOA O TOM, YTO 3THU PCUHICHUS SABJIAIOTCA
KJIIOYaMU K JI00BIM HOZ[OGHI)IM 3aJavyaM. OZ[HaKO OHHU HalpaBJIAIOT MBICIIb,
COKpaIliaroT BpeMs IMOUCKa U (i)OpMI/IpyIOT HaBbIKH PCIICHUA.
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YTUJIN3ALNUSA CBAJIOYHOI'O I'A3A HA TEPPUTOPUN
POCCHUHN METOJOM I'HAPATOOBPA30BAHUA

Kak m3BecTHO B Hacrosimiee BpeMsl Ha IUIAaHETE HAONFOJAaeTCs POCT
COJICpXKaHUS YTICKUCIIOTO Ta3a B aTMocdepe, YTo SBISETCS TI00aTbHON
mpoOJeMoit Ui 4enoBedecTBa. Tak, coriacHO HaHHBIM HMHCTHTyTa
okeanorpaduu Cxpunmca (Kamudopuuiickuii  yauBepcuter, CIIIA),
yposenb CO; B atmocepe B 2013 romy BrepBbie gocTur otMeTkr 400 ppm
(uacrteii Ha MmuunoH). B 2018 roay ato 3HaueHue yxe cocranisuio 410 ppm,
a B Hacrosmiee BpeMms mpesbimaetT 420 ppm. JlaHHOE 3HAYEHHUE SIBIISETCS
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MaKCUMaJIbHBIM NTOKa3aTeseM ¢ MoMeHTa Habmonenuit 3a CO,. B nenom xe,
MOJKHO OTMETUTb, uTO ¢ 1958 roga KoHLEHTpaIMs 3TOTO raza yBeJlIU4nIach
Ha 30%.

Boszpacratomiee = 3HaueHME ~ COAEP)KAHHUS  YIJIEKHCIOrO  rasa
CIIOCOOCTBYET MOBBIIICHHUIO TEMIIEPATYPHI B IIPH3EMHOM clIoe (HO HE BCE C
STHM COTJIACHBI), a 3TO B CBOIO OUY€pelb ITO3BOJISET BHICBOOOXKIATh W3 30H
BEYHOI MEP3JI0THI JOMIOIHUTEIRHO TOpa3 o OoJiee CHIIBHBIHN MO TAaPHUKOBBIM
CBOICTBaM ra3 MeTaH.

Cremyer yYUTHIBATH BIUSHHE YEJIOBEYECKOH JEATCIBHOCTH Ha
yBeNM4eHHe KoHIeHTpanuu B atMocdhepe COz. OmHON W3 MPUYUH 3TOTO
SBIISICTCS POCT TOTPEOJICHUS TOBapoOB, a TOYHEE TOBOPS 3aXOpPOHCHHE
OTXOJIOB TOTpeOJICHUS Ha MOJHroHax. I10700HBIC OOBEKTHI CIIOCOOHBI B
TEYEHHE JEeCITHIETUI BhIpaOaThIBaTh CBAJOYHBIA Ta3, KOTOPBIA COCTOHUT
npuMepHo Ha 50% u3 meTaHa u Ha 50% U3 yTIeKHUcIoro rasa.

CornacHo ['ocynmapcTBeHHOMY JIOKJIaqy O COCTOSHUM M 00 OXpaHe
okpy>xatomeit cpeasl B 2021rony Ha Teppuropun Poccuiickoit ®enepannu
Ob110 3aX0poHeHO 44,48 105 TOHH TBEP10-KOMMYHAIBHBIX OTXO0/I0B, IPUYEM
COIJIACHO OLEHKAaM CIIELUAIUCTOB, MOKeT o0pasoBbBaTh 10 200 M°
cBasoyHoro rasza. Jlanueie [3] MOKa3bIBAIOT, YTO HA BCEU TEPPUTOPUHU
Poccuiickoit ®epepanun 3a roj  Bblgensercs npumepHo 2,5% ot
00IIEMHUPOBOM IMHCCUH CBAIOYHOTO Ta3a, a CaMU IOJUTOHBI 3aXOPOHECHUS
OTXOJIOB TIOTPEONICHUS SIBITIOTCS TPETHHUM TIO0 OO0BEMY HCTOYHHKOM
BeIOpocoB CH4 oGpasyrolierocst B pe3yJbraTe AesATeIbHOCTH YeioBeka [2].

OOBIYHO JUTS YTUIIN3AIMU CBAJIOYHOTO r'a3a IPUMEHSIETCS COKUTAaHKUE, HO
JIAHHBIH CIIOCO0, TaKKe MPUBOJIUT K BHIOpPOCAM MAapHUKOBOTO Ta3a, OITOMY
B KauecTBe O€30MacHOro crnocoba YTHIM3AIMM JaHHBIX Ta30B MOXHO
MPEUIOKUTh KOHCEPBALMIO METaHa M YIJVIEKHCIIOTO Ta3a B Ta30THIpaTHOM
COCTOSIHUU Ha JTHE MOPEH MU NOJ 3€MIIEN.

I'uapat — 3T0 TBEPHOE KPHUCTANIMUYECKOE COEAMHEHHE, UMEIOLIEE B
CcBOEM cOCTaBe BOJAYy U Ta3 B BUJE CHera Wi jbja. Jns cuHTe3a rujapara
HEOOXOMMO BBINOJIHEHUE OIPEACIEHHBIX TEPMOOAPHUECKUX YCIOBHH, a
TaKKe HaAJIMYUE KOHTAKTa BOJBI M THAPATOOOpA3yIoLIero rasa. YcloBus
HEoOXoanMBI 11 00pa3oBaHUsl caMOTO PaclpoCTpaHEHHOIO B NPHPOJIC
THIIpaTa METaHa U YIJIEKUCIIOTO ra3a moka3aHsl Ha puc.l.
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Puc.1. YcnoBus cymecTBoBaHUS rupaToB MeTana (1) 1 yriiekucaoro
raza (2)

Ha puc.] noka3aHbl KpUBbIE PABHOBECHS THPATOB PACCMATPUBACMBIX
ra3o0B, BbIIIE KOTOPBIX HAXOAUTCS 00JIACTh X CTAOMIBHOTO CYIIECTBOBAHUS
[1], a Ha nMMHUK peanU3yIOTCS YCIOBHS HEOOXOMUMBIC ISl €r0 00pa30BaHHUSL.
JlaHHbIe YCIOBHUSI HA TPAKTHKE MOTYT JOCTUTATBhCS JIMOO TOBBIIICHUEM
JIaBJICHUSI, JINOO MOHMKESHUEM TEMITEPATyPBl.

I"asoruapar onmckiBaeTcs oomiei hopmynoii B Buae M-nH0, roe M B
HAIllEM ClIydae MOJIeKyja MeTaHa WM YIJCKHUCIIOr0 rasa, a N paBHO
KOJINYECTBY MOJICKYJ BOJBI Ha OJHY MOJIEKYJIy METaHa WIH YTJICKHCIOro
rasa B ruzpate [1].

PaccMoTpuM rasoruapar yrieKuciIoro rasa. B 3Tom ciydae ero
IJIOTHOCTH OyzieT paBHa ph = 1,1 kr/m3, a n = 7 [1]. Toraa uuciio ero mMoneit
Haiiném kak [4]:

N = nPn

Mp
rae Mh, Vi — MonspHas macca ruapata u ero oosém. Ilpumsas Vp=1 M
monyuynM 3Hadenne N = 6,47 kmoub. OTcrofa 3Hasl, 9YTO MPU HOPMAaTBHBIX
ycroBusix 00bEM 1 Mostst rasa pasen Vv = 22,4-10° m® u 3nas uucno moneit
MOJKHO HaiTH 00BEM Ta3a, KOTOPHIH BEICBOOOIUTCS B CIy4ae pa3iioskeHus 1
M ra3zoruapara JUOKCHA YIIIepoa:
VCOZ = VM -N = 145 M3.

Eciu paccmotpers 1 M3

YCIOBHSAX TOMyunM [4]:

ruzpara MeTaHa, TO IPU HOPMAJIBHBIX

Ve, = 163 m°.
Takum 00pa3oM, oauH 00BEM rHIpaTa MOXKET coaepkath 10 150-180
00bEMOB Taza [4], 49ro SBASETCA OYEHb BBHITOAHBIM C TOYKH 3PCHHS
3aXOPOHEHHS STHX TAPHUKOBBIX T'a30B.
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IIpuHuMas BO BHUMaHHE BBIIIECONKCAaHHbIE JaHHBIE MOXKHO ONIPENCIUTh
Kakoe KOJIMYECTBO I'MIpaTa HEoOXOJMMO OyNeT CHHTE3MpOBaTh Ui TOTO,
4TOOBI MOJTHOCTBIO IIEPEBECTH 0OPA3YIOIIUICS CBAJIOYHBIN I'a3 OT T'OJ0BOTO
00BEMa 3axXOpOHEHHBIX 0TX0J0B B P®. Urak, naHHbIH 00BEM OTXOIOB
BBIIEJIUT 3@ BECh TEPHO]] pasioxeHus nopsaka 9-10° m® ceanounoro rasa,
4TO0 NOTpebyeT 0O6pasosath nopsanka 65-10° Tonn ruapara.
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YINPOUWEHUE ITAPAJUIEJIBHOI'O BBITTIOJIHEHUS KOJA C
IMOMOIIBIO KIIACCA PARALLEL B C#

B nmocnemHee BpeMs  OONBIIOE  pacHpOCTpPaHEHHUE — IMOYYHIIN
MHOTOsIZICpHBIC TIporieccoprl. [losiBriIach BO3MOXKHOCTh MACIITAOMPOBaHUS
MPOU3BOUTEIBHOCTH  TpPOIleCCOpa W HAMUCAHUSA  NPUIOKCHHHA  C
napajuieibHBIM ~ BBIIONHEHWEM.  [lapamnenusm  sIBISETCS ~ MOIIHBIM
WHCTPYMEHTOM, KOTOPBIA  IMO3BOJSECT MPHIOKCHUSM  HCIOJIH30BATh
MPEeUMYIIeCTBa MHOTOSICPHBIX IporieccopoB. OmHaKo mapaiuieIbHOe
MPOTPAMMHPOBAHUE MOXET OBITh CIOXXHBIM W TOABEP)KEHHBIM OIIHOKaM.
Kinacc Parallel B8 C# mpenocraBnsier mpocToii u 3QQPEKTUBHBIN CrIOCcO0
BBINIOJIHATh KOJ| TapajuIesibHO, YIPOLIas HAMWCaHHe MapaieibHbIX
pritokeHui. [ 1]
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Knacc Parallel nmpegocrasisier cratudeckue METOIBI TS 3aITyCKa
mapajuieNbHBIX 3a1a4. Hanbosee 4acTo UCIoIb3yeMBIMH METOJAMH
sBistoTes [2]:

e Parallel.For: BeimonHseT UK MapaienbHO.

e Parallel.ForEach: BeinonHser nepeyncienye napauieabHo.

e Parallel.Invoke: BeimonHsIeT HECKOIBKO NEHCTBUI MapaluIeabHO.

Meron Parallel.For mosBonsier BBIMOJHATE MUK MapamiensHo. O
MIPUHUMAET TP ITapaMeTpa: HadaIbHBI MHIEKC IMKIIA, KOHCUHBIH HMHIIEKC
LKA, JeJerar, KOTOphld onpenenser teno uwukiaa [2]. Hampumep,
cIeyOUMN Ko BeIYucisgeT cymmy yucel ot 1 1o 1000 napaniensHo:

int sum =0;
Parallel.For (1, 1001, (i) => { sum +=1i; });

Meron Parallel.ForEach mo3Bonster BBITONHATH TEpeYHCIIEHHE
napasuensHo.[3] OH npuHUMaeT J1Ba mapaMerpa:

e [lepeurciieHune st BBITIOTHEHMS.

e Jlenerar, KOTOPHIi ONpenessieT NeHCTBIE, BBITONHIEMOE IS
Ka)KJIOTO DJIEMEHTA MTEPEUHMCIICHHUSL.

Harmpumep, ciretyromuii Ko BEIBOAUT Ha KOHCOJb BCE 3JIEMEHTHI
CITHCKA TTapaJlIENBHO:

List<int> numbers = new List<int>{ 1,2, 3,4,5};
Parallel.ForEach(numbers, (i) => { Console.WriteLine(i); });

Meron Parallel.Invoke mo3BosiseT BBIOIHATL HECKOIBKO IEHCTBUMI
napauienbHo. OH MPUHUMAET MACCUB JIETIETaTOB, ONPECIISIONINX EHCTBUS,
KOTOpble HEOOXOAMMO BHIMONHNTE.[2;4] Hampumep, chemayonmi Kox
BEITIOJTHSCT JIBE 3a/Ia4H MAPAJLICIEHO:

using System;
using System.Threading;
using System.Threading.Tasks;

namespace ConsoleApplicationl

{

class Program

static void Method1()
{

for (int count = 0; count < 4; count++)
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Thread.Sleep(2000);
Console.WriteLine("=> Method1 Count=" + count);

}
}
static void Method2()
{
for (int count = 0; count < 4; count++)
Thread.Sleep(2000);
Console.WriteLine("=> Method2 Count=" + count);
}
}

static void Main()

Console.WriteLine("3amnyriex ocHoBHOU MOTOK");
Parallel.Invoke(Method1, Method2);
Console.WriteLine("OcuoBHo# OTOK 3aBepiiieH");

33;

Pe3roMupysi, MOXKHO CKa3aTh, YTO MUCIOJIb30BaHKe Kiacca Parallel st
MapauIeNIbHOTO BBIMOJIHEHUs KOJIa UMEET HECKOJIBKO IMPEUMYIIECTB:

Ipocrora: Kiacc Parallel mpegocrasiser mpocToil 1 HHTYUTHBHO
MOHSTHBIN API 115 mapaiienbHOTO MpOTpaMMHUPOBAHUSL.

OddextuBHocTh: Kiacc Parallel mucnonbs3yeT miiaHUpOBIIMK 337124
JUTSL OTITUMU3AIIMY BBIIOJHEHHUS TTapaUIeIbHbBIX 3a1a4.

Bbezonacnocts norokos: Kitace Parallel rapantupyer, uto
napajuieNIbHbIC 33/1a49H BBIIOJIHSIIOTCS B IOTOKOOE30MACHOM cpejie.

Takum oOpasom, xiacc Parallel B C# sBuseTcs MOIIHBIM
HHCTPYMEHTOM JUIS YIPOIICHUS IapajUIeIbHOTO BHIMONHEHHS Koxa. OH
MPEJOCTABIET MPOCTON U A((EKTUBHBIN Croco0 3amycka MmapaieIbHBIX
3amad, 9YTO IO3BOJISIET MPHJIOXKEHHUSAM HCIOJIB30BaTh NPEHUMYIIECTBA
MHOTOSIZICPHBIX MTPOIIECCOPOB U TMOBBIIIATH MPOU3BOIUTEIHHOCTD.
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METO/IUKA U3YUEHHUSI YPABHEHUI B KYPCE
MATEMATHKMH 5-7 KIACCOB

YpaBHEeHHs 3aHUMAIOT OJTHO U3 IIEHTPAIBHBIX MECT IIKOJBLHOTO Kypca
mareMaTuKd. [loArOTOBKa K CHCTEMaTHYECKOMY H3YUYEHHUIO YpaBHEHHI
HayMHAeTCsA YK€ C TMepBoro kimacca. OJgHaKO OCHOBHBIC 3HaHHA 00
YPaBHEHMSIX W METOJIAX WX PEIICHHS YUYCHHKH YCBAaHUBAIOT B IEPHOX C 5 1O
11 knaccel.

B pesynpraTe H3y4eHus Kypca MaTeMAaTHKH YYaIIHecs JOJDKHEL:

- IOHMMATh, YTO YPaBHEHUS — O5TO MaTEMAaTHYECKUU ammapar Iis
peIeHus pa3InYHbIX 33/a4 B MaTeMaTHKE, CMEXHBIX 3HAHUAX U 00JIACTSIX
NIPaKTUKU;

- MpPaBWIBHO YNOTPEOIATh TEPMHUHBI «YpPaBHEHHE», «CHCTEMay,
«KOPEHb YPAaBHCHUA», KPCIICHUEC CUCTEMBI», IOHUMATh UX B TEKCTE U B €YU
yUUTels, TOHUMAaTh (GOPMYIIMPOBKY 33/1a4l «PEIINTh YPaBHEHUE, CUCTEMY
YpaBHEHUI»;

- pemars JIMHEHHbIE, KBaJpaTHbIC YypaBHEHHsS W IpocTeliine
panMoHalbHbIE ypaBHEHHMs, CBOJSINMECS K HHMM, CHUCTEMBl YpaBHEHHWIl ¢
JBYMsI IEpEMEHHbIMU;

- penaTh TEKCTOBBIE 33/1a4H C TOMOIIBIO COCTABICHHS YPABHEHHUH.

IMoaxon K M3JI0KEHUIO TEMBI «Y PaBHEHUS» y aBTOPOB YYEOHUKOB ISl
OCHOBHOH 1IKOJBI paszHoe. [Ipu oO0yuenun no yue6nuky H.S. Bunenkuna,
B.1. XKoxoBa u ap. «Marematuka 5» yuaiiuecs 3HAIOT: OIpEEICHUE
YpaBHEHHMsSI KaK paBEHCTBA, COJepXKamero OyKBY; MOHSATHE KODPHS
YpaBHECHHUA; PEUHICHUC TCKCTOBBLIX 3aJad YPAaBHCHUEM, CIIOCOOBI peuicHusA
YpaBHEHHSI B JBa JEHCTBHUS; HOBbIE OYKBBI JATHHCKOTO an(aBUTa.

IIpu obyuennn mo ydeOHukam «MaremaTuka 5» U «Marematnuka 6»
nox penakmnueit I'.B. Jlopodeesa, N.®D. Illaprirnaa Bonpoc 06 ypaBHEHUSIX
paccMmarpuBaeTcs TOJIBKO B KOHIIE IIECTOro Kiacca. Kpome Toro, ypaBHeHHs
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pelarTes N0 IpUeMaM, U3BECTHBIM y4YalluMCs, HA OCHOBE 3aBUCHUMOCTH

MEXIy KOMIIOHEHTaMu JAeicTBUiA. TeM He MeHee, 3aBeplIaeTcs Tema

PacCMOTPEHHEM BOIIPOCA O COCTABJICHUHU YPaBHEHUH 10 YCIOBUIM 33/1a4H.
B kypce MaremaTHky msTOro Kjacca y4aliuecs peliaroT pa3Hble BUIIbI

YpaBHCHHI, TOJB3YysSICh TMpAaBHJIAMH, KOTOPbIC OBUIM WMH H3Y4YCHBI B

HavanpHOW Imkone. Hmke mpencraBmeHa Tabimna «Buapl ypaBHEHHH,

BCTpeuaromuxcs B 5 — 7 kinaccax».

Uro0Obl HAWTH HEM3BECTHOE CIIaraeMoe, Hajlo U3 CYMMBI BBIUECTh

HM3BECTHOE ClTaraeMoe.

UToObl HAWTH HEM3BECTHOE YMEHBIIIAEMOE, HAJIO CIIOKUTh BEIYUTACMOE

U pa3HOCTb.

UToObI HAWTH HEM3BECTHOE BEIYUTAEMOC, HAJIO U3 YMEHBIIIAEMOTO

BBIYECTh PA3HOCTb.

] YToOBl HAUTH HEU3BECTHBIA MHOKUTEIB, HAZIO IPOU3BEICHUE

pa3nenuTh Ha H3BECTHBIN MHOXKHTEI.

[ YtoObl HAUTH HEU3BECTHOE JACTUMOE, HAJ0 YaCTHOE YMHOKUTH Ha

JIEITATEND.

[ YtoObl HAUTH HEU3BECTHBIN JICIUTEIh, HAZIO ACTHUMOC Pa3ICUTh Ha

Y4acTHOE.

|| [lpuBereHNE TOTOOHBIX CIIAraeMbIX.

[] YToOBI CII0XKHUTH IBA MMOJIO0KUATEIBHBIX YKC/Ia, HAMO: CIIOXKHUTH UX

MOJTyJIH; TOCTaBUTh MEPeI MOTYICHHBIM YHCIIOM 3HAK «1%.

[ YToOBI CTI0XKUTH 1BA OTPHUIIATEIBHBIX YUCIA, HAZ0: CIOXKHUThH HX

MOJTyJIH; TOCTABUTH MEPE/I MOTYUCHHBIM YHCIOM

3HAK «—».

[ YToOBI CT0XKUTH IBA YKHCITA C PA3HBIMU 3HAKAMU, HAJI0: U3 OOJIBIIIETO

MOJIyJISl CITaraeMbIX BBIYECTh MEHBIIHIA; TOCTaBUTH Mepe]l TOTyIeHHBIM

YHCIIOM 3HaK TOTO CJIaraeéMoro, MOJIyJib KOTOPOTO OOJIbIIIE.

[J YToOBI IIepeMHOXKHTH [IBA YHCIIA C Pa3HBIMU 3HAKAMH, HAJIO

MIEPEMHOKUATH MOJTYJIH ATUX YHCEI M IOCTABUTH MEPET MOTYICHHBIM

6 YHUCJIOM 3HAK «—).

knace | [ YToObl MepeMHOXKHUTH J1Ba OTPHULIATENILHBIX YHCIA, HAJIO

[IEPEMHOKUTH MO JIH.

[1 UToOBI pa3ieiuTh OTPULIATENILHOE YKCIIO HA OTPULIATENILHOE, HAJIO

pa3fenuTh MOIYIb ETMMOTO Ha MOYJIb JCTTHTEIIS.

[J Ilpu neneHnn 9ucel ¢ pa3HBIMU 3HAKaMHU, HaJ(0: Pa3eIUTh MOIYJIb

JETMMOTO Ha MOJTYJIb JETIUTENIS; TIOCTaBUTh Mepe]l TI0TyYCHHBIM YHCIIOM

3HAK «—».

[ Ecnu mepes; ckoOKaMu CTOMT 3HaK «-+», TO MOJKHO OIYCTHTh CKOOKH,

COXpaHl/IB 3HAKHU CJIara€MbIX, CTOAIINX B

ckoOkax. Ecnu mepBoe uncio B ckoOkax 3amucaHo 0e3 3Haka, TO ero

HAJI0 3aIliCcaTh CO 3HAKOM «1».

KJ1accC
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[] YToOBI pacKpbITh CKOOKH, Mepel KOTOPBIMH CTOUT 3HAK «—», HA/IO
3aMEHHUTB 3TOT 3HAaK Ha «+», TIOMEHSB 3HAKH BCEX CJIaraeMbIX B CKOOKax
Ha IPOTHUBOIIOJIOXKHbIE, & IOTOM PACKPBITh CKOOKH.

[] Eci B ypaBHEHHH NIEPEHECTH CIaraeMoe U3 OJJHOH JacTH B APYTYIO,
W3MEHUB €r0 3HaK, TO TOIYyYHTCs ypaBHEHHE, PABHOCHIBHOE JaHHOMY.
[l Ecnu 06e 4acTH ypaBHEHHSI YMHOXKHTb I Pa3ICIUTh Ha OJHO U TO
K€ OTIIMYHOE OT HYJIS YHCIIO, TO MOJIYYUTCS YpaBHEHHE, PABHOCHIIBHOES
JIAHHOMY .

[ JInneitHoe ypaBHeHHe ax = b npu a # 0 ©MeeT OANH KOPEHb, IIPH a =
0 u b # 0 He UMeeT KOpHEH, IpH a =

0 u b =0 numeer 66CKOHEYHO MHOTO KOpPHEH (T.€. II000E YHCIIO SBISICTCS
KOpPHEM).

Kj1acc

B marom kimacce yYEHHUKH ~CTAlKHWBAIOTCS C  YPaBHEHUSIMH,
COZIEp)KAaIlMMKU  TOJBKO OJHY HeW3BeCTHyw. B 5 kiacce neiictBus
MIPOU3BOMATCS C TIOJIOKUTEIFHBIMH YHUCIIAMH, TPUMEHSIOTCS IIpaBHIIa
HaXO0XICHUA HCHU3BCCTHOI'O cCllara€Moro, BbIYUTACMOI'0, YMCHbIIACMOIO,
MHOXUTENA, ACTNMOTO W JCIHTENA, a TakKe IPHUBEICHHE IOTOOHBIX
claraeMsblx.

B mecTom kiacce yUeHHKH 3HAKOMSTCS C OTPHLIATCIHHBIMHU YHCIAMHU.
Ha ocHoBe u3yueHus 3TOH TE€Mbl pacCMaTPUBAIOTCA JCUCTBUSI, KOTOpBIE
CBS3aHBI C OTPHIATCIBFHBIMH YHCIAMH, a TaKKe IpaBWIa TPUBEACHUS
MOTOOHBIX CJTaraeMbIX U MPaBHJIa PACKPBITHS CKOOOK.

B cempMoM Kkiacce BBOIUTCS OIpeNeNicHHE MOHATHS JIHHEHHOE
ypaBHEHHE. YUYEHUKH Y3HAIOT, YTO JIMHEMHOE YpaBHEHHE HE BCEr/a UMEET
OoJIMH KOopeHb. PaccMarpuBaroTcs cirydaun, KorJa ypaBHEHHE JHOO HE MMEeT
KOpHeH, mnbo umMeeT 6ECKOHEYHO MHOTO KOpHeH. Takxe B ceIbMOM Kiacce
M3YJAIOTCs JIMHEHHbIC YPAaBHEHHUS C IBYMsI TIEpeMEHHBIMHE (ax + by = ¢).

Takum 00pazoMm, MOXHO CJeNaTh BBIBOJ, UYTO OOY4YEHHE PEIICHUIO
YpaBHEHHU TPOMCXOIUT OT 0oJee MPOCTHIX K Oosiee CIIOKHBIM. CTereHb
HapacTaHus TPYJHOCTH MPOTyMaHa TOCTATOYHO TUIOTHO. OUeHb BAXKHO TIPH
HM3Y4YEHUH YPAaBHEHUH ONUPATHCA Ha yPOBEHb 3HAHUI yUEHUKOB, HE 1aBaTh
TEX ypaBHeHHﬁ, PEeUICHUA KOTOPBIX UM HE JOCTYIIHBI.

Jlurepartypa

1. MureneBa C.®. Pomp pasBUBarOIIMX 33JaHUl B 00y4eHUH
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HPUBJWXEHUE UAEAJBHOM ) KUJIKOCTU. OCHOBHBIE
YPABHEHUA. UHTEI'PAJI BEPHYJIJIN. UHTET'PAJI KON

AHHOTALMSA: PACCMATPUBAETCS IMOHATHUE HACANBHOW J>KUAKOCTH, €€
OCHOBHBIE ypaBHEHHMs, HHTerpan bepHyinu u uaterpan Komm.

KiroueBble ciioBa: wuicanbHas >XHIKOCTb, HHTerpan bepHyiun,
unterpan Komu, YpaBaenue Ditnepa.

WneanbHas >KUAKOCTb SIBJISETCSA INPOCTEHIIYIO, HO, TEM HE MEHee,
ONMCHIBAIOIICH OYEHb UIMPOKUN KJIAacC THIPOJUHAMUYECKUX SIBICHUMN
MoJienblo. B paMkax 3Toit Mozaenu npeneOperaercst agdexkraMmu BI3KOCTH U
JPYTUMH IpOIleCCaMH, BBI3BIBAIOIIMMHU JUCCHUIIAIINIO SHEPTHU JBHXCHUS
JKUAKOCTH. B 23TOM cTaThe paccMaTpuBarOTCs OCHOBHBIC YPaBHECHUS,
CBSI3aHHBIC C U/ICANBHOM KHUIKOCTBIO, a TaKKe JIBa KIIOUEBBIX MHTErpaja -
unTterpan bepuymnn u uarerpan Kom. [1]

OCHOBHbBIE YPABHEHUS:

Jlist onycaHus ABMKEHHS UICAIBHON )KUAKOCTH IPUMEHSAETCS CUCTEMA
ypaBHEHHH, U3BECTHAS KaK ypaBHEHUs Oilnepa. B TpexMepHBIX JeKapTOBBIX
KOOpJMHATaX OHH 3aITUCHIBAIOTCS CJIETYIONIMM 00pa3oM:

1. YpaBHeHHE Hepa3pHIBHOCTH:

V-i=0
[ne ¥ — BEKTOP CKOPOCTH KHUIKOCTH, V - ONEPATOP JUBEPTEHINH.
2. YpaBHeHue Diinepa:

p <g—1; + (vV)v) =-Vp+f,

3. YpaBHEHHE COCTOSIHWS: OIPEHC/IACT 3aBHCHMOCTH JaBICHHS OT

TJIOTHOCTH U TEMIIEPATYPBI.

OTH ypaBHEHHUs OMHUCHIBAIOT (PYHIAMEHTAbHBIC 3aKOHBI JIBM)KCHUS
ueansHoM xuakoctu. [1, 2]

Hnterpan bepaymiu:

Wurerpan bepHyiuiu - 3T0 BeIpakeHUE, ONMUCHIBAIOIIEE YHEPTUIO BAOIb
MOTOKa KUAKOCTU. SIBiseTcs CJlEeACTBUEM ypaBHEHUH Diinepa u
MPEICTaBIsIeT COOOM BBIPAXKCHHE JUIS IMOJHOW MEXaHUYECKOH HEPTHH B
equHMIle  o0beMa  HMIACATBHOH  JKUAKOCTH. [ HEeC)KUMaeMOWM,
HECTAIMOHAPHOM KUIKOCTH, HHTETpa)l bepHym nMeeT BU:

2
424 & = const
2 p

T'me v — cKopocTh XHUAKOCTH, P — JaBI€HUE, P — IUJIOTHOCTh, @ —
MOTEHIMAIbHAS YHEPTHUsI HA €MHUILY Macchl. [3]
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Unterpan Komu:

Wuterpan Komm - 3T0 uHTErpaj, OMNMCHIBAIOLUIUI COXpaHEHHE
HEKOTOpOH (U3UUYECKOH BENWYMHBI BIOJb JIMHUM TOKAa B HACAILHOMN
KHUJIKOCTHU. [[ng AByMEpHOro HEC)KMMaeMOoro MMOTOKa OH UMEET BHL:

dp v?

—+—+ 9z = const

p 2
I'me g — yckopeHme CBOOOTHOTO MAICHWS, Z — BBICOTA HAJ HEKOTOPOU
TOYKOH. [2]

WneansHast )KUIKOCTD SIBISIETCS] BAKHBIM OOBEKTOM H3yUCHHUS B (DU3HUKE
n umkeHepud. OCHOBHbBIC yYpaBHEHHS M MHTETPAJIbI, TAKHE KaK HHTErpal
Beprynnu n unTerpan Komm, mMo3BONAIOT aHAIU3MPOBATh €€ CBOWCTBA U
MIOBEICHUE B Pa3NIMYHBIX yCHOBUSAX. [loHMMaHMEe 3THX KOHLENIMH UrpaeT
KJIFOYEBYIO DPOJIb B pPa3pabOTKE TEXHOJOIMH W PpEIICHUH Pa3InYHBIX
WHXXCHEPHBIX 3a1a4, CBA3aHHBIX C MOTOKaMHU XKUIAKOCTH.
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— Mocksa : MznarensctBo [Opaitr, 2024. — 109 c. — (Bsicmee
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YPABHEHMUS HABBE-CTOKCA

AHHoTanusi: B cratee paccmarpuBaercsi poiib ypaBHeHUs HaBbe-
Croxca Kak OCHOBBI MaTEMAaTHYECKUX METOJIOB B MEXaHHUKE CIUIOLIHBIX CPEN.
Obcyxnarorcst ero (¢u3udeckas HHTEPHpETaIls, pacCMaTpPUBAacTCs T
npumensiercs. CraThs TNpeAHa3HadyeHa I TeX, KTO HMHTEpecyercs
MOHMMaHWeM ypaBHeHUs HaBpe-CTOKca M €ro 3HaUMMOCTH IJISI HAYKH U
TEXHUKH.

Kutouesrble ciioBa: Ypasuenue Hapbe-CTokca, MEXaHUKA

MexaHnKa CIUIOIIHBIX Cpel — 3TO 00JacTh (HU3MKH, H3ydaromas
MOBE/ICHHE MaTepUalioB B TBEPAOM, XKHIKOM HIIH ra3000pa3HOM COCTOSIHUH
MIpU JEHUCTBUU BHEIIHUX CUJL. [1]

VYpasuenue Hapbe-CToKca SIBISETCS OJHUM M3 KIIOUEBBIX MOHSATHI B
obylacTi MaTeMaTHYeCKHX METOJOB B MEXaHHKE CIUIOIIHBIX cpel. OTO
muddepeHnnaIbHOe YPaBHEHNE ONMCHIBACT ABMKECHHE KHUJIKOCTEH U ra30B,
Urpasi BOKHYIO POJIb B aHAJM3€ M MOJICIIMPOBAHUN PA3IHYHBIX (PU3UUECKUX
mporieccos. [2]

IIpoucxoxnenne u ¢usndecknii cMmeicn ypaBHeHHs Hape-Ctokca
VYpasuenue Habbe-CTokca ObUIO BHEPBBIE MPEAJIOKEHO (PaHILy3CKUM
¢uszukom m maremarukom Kiomom Jlym Mapu HaBbe W upnanackum
MaTeMaTHKOM U ¢pusnkom xopmreM ["abpuenem Crokcom B XIX Beke. OHO
BBITEKA€T M3 3aKOHOB COXPAaHEHMS MacChl, MMIyJlbca WM JHEPruH, |
IpeAcTaBIsieT co00i cHuCTeMy ypaBHEHHH, OIMCHIBAIOIIMX IIOBEACHUE
JKUJIKOCTH WIJIM Ta3a B IPOCTPAHCTBE U BpeMeHU. YpaBHeHHe HaBbe-CTokca
UMeeT BUJ:

du
T (u*V)u = =Vp + vV

re U — BEKTOp CKOPOCTH, P — JaBJIeHHe, UV — KHUHEMaTH4yecKasl BSI3KOCTb,
V — oneparop Hab6na. [lepBoe craraemoe Ha JIEBOM CTOPOHE MPEACTABIISET
YCKOPE€HUE YaCTHULbl XHUIAKOCTH, BTOPOE CJIaracMo€ - KOHBCKTHUBHOC
YCKOPEHHUE, TPEThE CcllaraeéMoe - TpaJueHT AaBJICHHUs, YETBEPTOE CllaraemMoe -
BSI3KOE TPEHHE.

MaremaTiueckoe MNpeICTaBiICHHE WU YHUCIEHHBIE METOMbl PELICHHs
VYpauenue Happe-CTokca TpeAcTaBIIeTCS B BHUIE CHUCTEMBI YaCTHBIX
U QepeHIMaIbHbBIX  YpaBHEHUH,  KOTOPhIE  TPEOYIOT  CJIOXKHBIX
MaTeMaTHYECKUX METOZOB MJIS aHaju3a W pemeHusd. /(s YuCIeHHOTO
pemienusi ypaBHeHus: Hapbe-CTokca NPUMEHSIIOTCS pa3IUYHbIE METOJBI,
Takhe KaK METOJ KOHEYHBIX PAa3HOCTEH, METOJ KOHEYHBIX D3JIEMEHTOB,
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METOJIbl PEIIeHHs] Ha OCHOBE KOMIIBIOTEPHOTO MOJEIMPOBAHUS U JIPyTHUE.
OTu MeToAsl TO3BOJSIOT MOJEIUPOBaTh M AHAIU3UPOBATh pPa3IMUHBIC
(u3HUIeCcKne MPOIIECCH, TAKHE KaK TEYEHHUs XKHUIKOCTEH B TPyOOIPOBOIAX,
aTMoc(epHbIe SBICHHS, KPOBOOOPAILCHUE U JIPyTHE.

[TpakTHyeckoe MpUMEHEHNE U 3HAYUMOCTh ypaBHeHMs1 HaBbe-CToKCa.
B asponunamuke, Hampumep, ypaBHeHue Hasbe-CTokca m03BONSET
ucciaenoBaTh OOTEKaHHE CaMOJIETOB M aBTOMOOMIIEH, YTO MOMOTaeT B
paspaborke Oomnee dPQeKkTUBHBIX W 0Oe30macHBIX KOHCTpYKUMH. B
THAPOJMHAMHKE OHO HCTIONIB3YETCS AJIsl aHAIM3a TEICHUH BOBI B OKEaHaX U
peKax, 4To BayKHO JIIsl TPOTHO3UPOBAHUS ITABOJIKOB U Pa3pabOTKH MOPCKHX
KOHCTPYKUHMHA.[3]

Takum oGpa3om, ypaBHeHne HaBbe-CToKca UrpaeT KIIOUEBYIO POJb B
MaTeMaTHYeCKUX METOJaX MEXaHWKH CIUIOIHBIX cpel. OHO mo3BoiseT
YUYCHBIM W HHXXCHEpaM IMOHATH MW TMPCACKa3aTb Ppas3sjIMYHbIC SABJICHUA,
MIPOMUCXOIAIIHE B KUIKUX U ra3000pa3HbIX cpeliax, U ABISETCS OCHOBOM A
MHOTHX TEXHOJIOTHYCCKHUX M HAYYHBIX pa3pabOToK.
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«3JIOBEIIASA TOJUHA»: JOJKHbBI JIU POBOTHI BbITh
MMOXOKN HA YEJIOBEKA?

B Poccun nacumteiBaeTca Oonee 70 opraHM3anuii, MPOM3BOASAIINX
rymMaHouaHslx po6otoB. B 2019 romy P® 3ansma Bropoe Mmecto (rmocie
CHIA) B peiitunre IFR. [1] Onun u3 nugepos — Promobot — kpynHeimit
IIPOM3BOIUTENb CEPBUCHBIX po00TOB B EBpone ¢ Beipyukoii 192 mutH pyoneit
B 2019-m. Taxxe wunTepecHsle paspaborku ectb y Alex Robotics,
«Heiipobotuke» (co3marens pobora «Ilymxun») m HIIO «Annpounnas
texauka» (ero FEDOR neran B xocmoc B 2019-m). OxmHako, BO3HHKACT

134


https://rg.ru/2020/10/29/rossiia-zaniala-vtoroe-mesto-v-mire-po-proizvodstvu-servisnyh-robotov.html
https://incrussia.ru/specials/promobot/
https://alexrobotics.ru/
https://neurobotics.ru/catalog/robotics/
https://npo-at.com/about
https://npo-at.com/about

BOIIPOC: HACKOJBKO OYIyT BOCTPEOOBAaHBI YEJIOBEKONOJO0HBIE POOOTHI Ha
poiake? W Hackoiabko pPoOOT HOIDKEH OBITh YENOBEKOIONOOEH ISt
YCIIEITHOTO BHEIPEHHUS B pa3NudHbIe cepbl 3koHOMuKn? [Ipodiema B ToM,
YTO MHOTHE KOMIIAHUM YK€ CeHYac CTaJKUBAIOTCSl C TaK Ha3bIBaEMbBIM
3¢ pexrom «3moBeIeit JOTHMHED.

«OddexT 3m0BELICH NONMUHBD — 3TO THIOTE3a O TOM, YTO POOOT MK
0001 IpyToit 00BEKT, KOTOPHIHA MMOXO0XK IMTOBEICHNEM 1 BHEIITHIM BHIOM Ha
YeJIOBeKa, BHI3bIBACT HETATUBHBIC AMOIIMH Yy JIFOJIeH-HaOII01aTene.

+

310POBbIA
yenosek

ryMaHouAHbIW poGoT

IMOUMOHANBHAR peaxLs

4enoBeKonofo6HOCTL som v,: 100%
TPYn ——&

30M6K

Pucynox 1. DOMouunoHanbHas peakiys 4eJoBeKa B 3aBUCHMOCTH OT
YEIIOBEKOMOJOOHOCTH HAOI01aeMOoro 00BheKTa (THIOTETHICSCKHA TPaduK)

I'mnote3y o CyIiecTBOBaHMH Takoro (peHOMeHa BBIIBHUHYJ STOHCKHN
pobororexank Macaxupo Mopu. B 1970 roxy B 3cce s xypHaia Energy
OH TIPEIMOJIOKHIII, UTO JIFOJH UCTIBITBIBAIOT CUMIIATHIO K POOOTaM, HIPyIIKaM
U IPYTHM MOXOXMM Ha HHX oObekTaM [2]. Ho Tonbko 1o onpenenéHHOro
MoMeHTa. Korjja HexuBoe 00peTaeT CIMIIKOM MHOTO YeJIOBEYEeCKHX YepT,
MOT'YT BO3HHKHYTH BOJTHEHHE, CTPax U OECIIOKOMCTBRO.

JanpHelue uccieoBaHus OKa3bIBAIOT, YTO JIFOAEH MyraeT He caMo
CXOJICTBO, a JI00O€ OTKIOHEHHE OT HOPMBI B IIOBEACHUHM — HAIpPHMED,
3aTOPMO’KEHHAS MHUMUKA. WnTtepecHo, 9TO OTHOIIICHHE K
YeJIOBEKOMOJ00HEIM pOOOTaM 3aBHCUT OT COLMOKYJIbTYPHOTO KOHTEKCTa
rpynn Joaeu. Ilcuxonorn u3 MHUUMraHCKOTO YHHMBEPCHUTETA MPOBENU
uccie/0BaHNe, B KOTOpoM NpuHsM ydactie 240 neredd (ot 3 mo 18 ier).
ABTOpHBI YCTaHOBHIIH, YTO JIETH MJajmie 9 JeT, B OTIIMYHE OT B3POCIBIX, HE
CUHUTAIOT JaXKe OYCHb MOXOXKHX Ha JoJel poboToB xyTkumu [3]. 3Hauwr,
omymenne >¢p¢exTa 3I0BelIeld JOJIMHBI HE SBISETCS BPOXKIEHHBIM.
OtHomeHne K podotam (HOpMHPYETCS C BO3PACTOM TOJI BO3JCHCTBHEM
KyJIbTYpPHBIX CTEPEOTUIIOB. «J{eTH, KOTOpble OYIyT MOCTOSHHO BCTPEYATHCS
¢ pobOoTaMH-TYMaHOWAAMH B IPOILECCE B3POCICHHSA, HUKOTZA HE CTAaHYT
JyMaTb O HUX KaK O JKYTKHMX, — pE3IOMHUPYIOT yuéHble. — bynymiue
B3pOCIIBIE MOTYT NEPEPACTH AKTYaIbHYIO CETOIHS 3JIOBELIYIO TOTHHY.
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HccnenoBanust poccuiickux yu€HbIXx M3 yHuBepcutera ITHUILY (r.
[epmsb), mpoBenéHHbIe Ha 6ase kommanuu Promobot [4], moka3anu cxoxue
pesynbTatel. B Xxoxme okcmepuMeHTa  ObUIM  MPEACTAaBICHBI  TPH
AHMMHPOBAHHBIE MOJEH rpaduyeckux sMonuid podbora Promobot V.4: 1)
CTaHJApTHAsT SMOLHS; 2) 3MOUHWsA ¢ M30BITOYHBIM aHTponoMophu3MoM (B
BUJIE XKEHCKOT'O JIMLA); 3) IMOLUS ¢ aHTPONOMOP(HBIM MUHUMAIIM3MOM (JU1s1
YMCHBIICHNSI YPOBHS BHU3YaJlbHOM aHTpomoMopdHocTH). Pe3ymbrars
(oKyc-TpynI THoKasaJy cieaylomue pesynsTrarsl. ['padudeckas smorms,
uMeromas  HauOONBIIMH  ypOBEHb BH3YAJIBHOTO aHTPONOMOp(HU3Ma,
MOJTy4YHJIa HaUMEHBIIIee KOJHMYECTBO MOAJEPKKH CO CTOPOHBI YYaCTHHKOB
¢dokyc-rpynmel. bonee Toro, Bepcusi ¢ M30BITOYHBIM aHTPOIOMOP(HU3IMOM
BbI3BAJIa OTTOPXKEHUE MPAKTUYECKH Y BCeX pecnoHAeHToB. HekoToprie u3
HUX MPEANOWIN Jake TPEeTHH BaphaHT (aHTPOIOMOPQHBIH MUHUMAIH3M).
IIpu 3TOM, Hale BCEro TpeTU BapUaHT NPEAIIOUYUTANIHN JIFOIU, KOTOPBIE CaMU
SIBISIFOTCSL  Pa3pabOTIYMKaMK POOOTOTEXHHUECKHX cucTeM. C HX TOYKH
3peHHs, aAHTPONOMOpP(HBIN  MHUHMMAaIM3M  OOJBbIIE  COOTBETCTBYET
HECOBEPIICHHOMY (YHKIIHOHATY poOOTa M HE IOPOXKIACT 3aBBIIICHHBIX
O’KHAaHUI CO CTOPOHBI MOJIH30BATEIIS.

Takum oOpasom, Oblla TOATBEpXKICHA TUIOTE3a MPUHIUIA
COTJIACOBAHHOCTH, COTIACHO KOTOPOMY BHEUIHHH BHJ poOOTa JOKEH OBITh
CHHXPOHHM3MPOBAaH C €ro YPOBHEM ITOBEACHYECKMX BO3MOKHOCTEH. [lns
CUHXPOHU3AIIUHN BO3MOXKECH CHeHapI/If/'I HC TOJIBKO IIOBBIIICHUSA CTCIICHU
aHTPOIIOMOP(HOTO BHJa WM MOBEICHYECKOTO peasi3Ma, HO U CHIDKEHHUE
CTETNIeH! aHTPOIIOMOP(HOCTH PoOOTa, YTOOBI CIIIAJUTh €ro HEJOCTaTKH B
CHUMYJISILINN YEJIOBEYECKOTO MTOBEICHUS.
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OLIEHKA COCTOsIHHUS TIOYBEHHOI'O ITIOKPOBA HA
TEPPUTOPUH NCIIAMI'YJIOBCKOT'O MECTOPOXKJIEHUA
HE®THU PECITYBJIUKU BAIIKOPTOCTAH

OxpaHa OKpyXarolledl Cpeapl, 3aKOHOAATENBHO pPEryIupyeMas
NPaKTHYECKH BO BCEX CTpaHaX MHUpa, B TOM umcine U Poccuiickoit
®Denepanyy, MOKET OCYLIECTBILATLCS TOJIBKO IPU MOJyYEHUU JOCTOBEPHOU
U TOJHOW MH(GOPMAIMM O COCTOSHHHM OOBEKTOB OKpYXKaloLIeH Cpeabl U
N3y4YCHUUN JUHAMHUKHU HU3MCHCHUA ux COCTOsIHHUA. I/ICCHGL[OBaHI/IH,
HanpaBJICHHBIC Ha BBIABJIICHHUC YPOBHS 3arpsA3HCHHS IMOYBCHHOI'O IMOKpPOBa
TEPPUTOPUH, UCTIBITHIBAIOIUX TEXHOI'CHHOE BIHMSHHUE, a TaKKe pa3padoTka
MyTel pereHus mpooieM 3arpsi3HeHUs! OYB, IMEIOT 0COOYIO aKTyalbHOCTb.
[5-7]

HanHass paboTa TMOCBSIIEHa MCCIEIOBAHUIO KHCIOTHO-OCHOBHBIX
XapaKTEePUCTUK M HAKOIICHHUS TSHKEIBIX METAIOB M HE(PTENPOLYKTOB B
nmoyse Ha TeppuTopud McnaMrysnoBckoro MeCTOpOXKAEHHS HedTH,
pactionoxxeHHOTO B MUSIKHHCKOM paifoHe PecmyOmukn Bamkoproctan mo
KOOpAWHATAM 53.4000032, 54.664478 B Bounro-VYpansckoit
He(TEera3oHOCHOW  MPOBUHIMM ¥  HCIBITHIBAIONIEH  TEXHOTEHHOE
BO3/ieiicTBUE npoliecca HeTeJ00bIUH.

IIpo6ooT6op 1 MPOOGOMOATOTOBKA MPOU3BOAMINCE B HIOHE-Hiose 2023
rojia COIJIACHO TPeDOBaHUSIM COOTBETCTBYIOIIUX pPErJaMEHTUPYHOLINX
JTOKYMEHTOB. KucnorHo-ocHOBHBIE CBOIiCTBa ITIOYBBI, MacCCOBBIC
KOHLIEHTPALMK HE(PTEIPOAYKTOB, BAJIOBOE COEPIKAHNE TSKEIBIX METAIIIIOB
W KOHIEHTpAallMM MX TOJABWXKHBIX (OpM  OIpEeAesINCh  COTIacHO
CTaHIaPTU3UPOBAHHBIM METOAUKaM. [1-4].

Bonoponnslii 1mokaszaTenb aHAIM3UPYEMBIX OOpasloB MOYB HMEET
TEHJCHIMIO K CMEIIEHWIO B ClabomeNounyio cpely. Pacnpenenenne
00pasioB, audpdepeHnnaIbHO OTOOPaHHBIX HA HCCIENYEeMOi TeppUTOPHH,
HMEIOIINX JAWana3oH 3HaueHwit pH B wmHTepBane or 6,59 mo 7,69,
CBUACTECIILCTBYET O MOBBIIIEHHON TEXHOTEHHOM Harpys3ke€ Ha IIO4YBYy, TaK KakK
JUTS TIOYB JIAHHOTO paiioHa XapakTepHo ¢oHoBoe 3HadeHwe pH ot 4,02 no
6,62 ipu cpeanem 3HaueHuu pH = 5,5.

ITo pesympTaTam omnpenencHUs KUCIOTHOW OyQpepHOH eMKOCTH
YCTaHOBJIEHO, YTO B TIOYBEHHOM ITOKPOBE 30HbI He(hTeA0O0BIYN HAOTIOAaeTCS
BbIcOKast OydepHas emkocTb, rae kKonudectBo HCl, ymienniee Ha usMeHeHue

138



pH mouBeHHO# cycneH3uu 10 3,5, 1OXOIWIO 10 3HaueHus: 145 MMOJB/KT.
HeliTpanu3zanus npoucxoamio akTuBHO B auanazone pH 5,0-7,5.
Tepputopun NPOMBIIUIEHHBIX U JOOBIBAIOIINX 30H UMEIOT TCHCHINH
K TpaHC(OpMalMU T€OXMMUYECKOH OOCTAaHOBKM — 3TO aKKyMYJSLUS U
MUTpAIHs JIEMEHTOB, 00YCIIOBIICHHAsI €CTECTBEHHBIMH U aHTPOIIOTEHHBIMH
(akTopamu. Hamm ompeneneHbl MOKa3aTeIW BAJIOBOTO COJEPXKAHHUA U
KOHLICHTPAIINX TOABMKHBIX (popM HamOoIee OMacHBIX TSKENBIX METAaJLIOB
(Pb, Cd, Zn, Cu, Ni, Cr), npenenbHble YPOBHH COIEPKAHHUSA KOTOPBIX
Hopmupytores CanlluH 1.2.3685-21 u koHTpOmMpyetcs PocruapomeToM B
Poccutiickoit ®eneparum, B ToM unciie u Pecyonuke BamkoprocraH.

Ta6muma 1
CosiepxkaHue TSHKEIIBIX METAJLIOB, MI/KT
Pb ‘ Cd ‘ Zn ‘ Cu ‘ Ni ‘ Cr
BasoBoe cozepxanue
3oHa 61,5+ | 029+ | 1892+ | 572+ | 348+ | 27,6+

He(hTen00BIMH 6,8 0,1 33,0 6,7 4.5 3,7
EcrecTBennslii 59+ | 0,19+ | 17,9+ | 4,1+ | 54+ | 58+

smaramadr 1,4 0,1 3,9 0,8 1,2 1,6

IIOK/OJK 32/- -/1 100/- 55/- -/20 100/-
Coiepxanue MOJBIKHBIX Gopm

30Ha 152+ 0,19+ | 808+ | 11,1+ | 5,1+ | 1,7+

HeTeTO0OBIIHN 2,7 0,06 18,8 1,9 1,1 0,5
EcrecTBennsiit 29+ | 0,07+ 1,5+ 05+ | 0,5+« | 04+
smaramadr 1,1 0,06 0,6 0,1 0,6 0,1

IMAK/OAK 6/- -1 23/- 3/- -14 6/-

[Ipr NOCTOSHHOM TOCTYIUICHHH HE(TENPOAYKTOB Ha ITOBEPXHOCTH
MOYBBI U TeM OoJjiee NpH aBapUHHBIX Pas3iIMBaX BO3HUKACT 3HAUUTEIbHAs
CTENeHb 3arps3HeHus NmoyB. B oOpasmax mpo0 mouBbl 30HBI HETEA0OBIYH
oOHapy>xeHbl He(TenpoayKThl B KonndectBe 1790 + 140 mr/kr, B oOpa3uax
npo6 ecrectBeHHoro naHamadra — 96 + 10 wmr/kr. IlomydeHHble
KOHIEHTpAMKA HEe(TENPOAYKTOB MOXKHO OTHECTH K YMEPEHHO OINacHOMY
3arpsS3HEHUIO TT0YB IS 30HBI HE(PTEIOOBYN W (OHOBOMY YPOBHIO — IUIS
30HBI €CTECTBEHHOT'0 JaH{madra.

Takum 00pa3oMm, MO MPOBEICHHBIM HUCCIIEIOBAHUSIM MOXXHO OTMETHUTh
CJIEMyONINe WTOTH. BONOpOAHBIN MOKa3aTelb aHAIN3UPYEMBIX O00pa3IoB
MOYB MMEET TECHACHIMIO K CMCIICHHIO B CIA0OIIENOYHYIO Cpeny, 9TO
CBHJICTEILCTBYET O TIIOBBIILICHHOW TEXHOICHHOM Harpy3ke Ha IOYBY.
UccnenoBanuss OydepHOHl €MKOCTM Takke I10Ka3ajd IOBBIIEHHOE
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3arpsi3HEHUE IIOYBBI, BBI3BIBAOLIEE ee¢ NoAalleraadnBaHue. Haubopiias
WHTEHCHUBHOCTD 3arpsi3HEHHS TSDKEIBIMU MeTalllaMi OOHapy KeHa B IT0YBaXx,
UCTIBITHIBAIOIINX BIMSHUE HedTenoObIBarOLIe OTpacid, a B IIOYBE
€CTECTBEHHOTO JIaHamadTa CojAep)KaHHe pPacCMaTPUBAEMBIX 3JIEMEHTOB
HI)KE B HECKOJIBKO Pa3 (B OCHOBHOM He mpeBsimiaeT HopMbl I1JIK u OJIK).
VYCTaHOBIIEHO yMEPEHHO OIIACHOE 3arpsi3HEHHE TII0YB U 30HEI
HepTeTO0OBIYH, TIO JIOKATEHOMY MEXaHHU3MY, 03 aBapHii U pa3IHBOB.
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BJIMSAHUE PATICOBOTI'O 3ABOJIA HA OKOJIOIT'HYECKOE
COCTOSIHUME PEKA ACKHHKA, CEJIO ACKHHO Pb

AHHOTaIUsI: B CTaThe PACCMaTPUBACTCS BIMSIHUE PAriCOBOTO 3aBOJIa HA
9KOJIOTMYECKOE COCTOSIHUE PEeKN ACKHHKA ACKHHCKOTO paioHa.

KaroueBble cjioBa: parcoBBI 3aBOA, OKpYXKamomas cpena, peka
AckuHka, Boaa, I[T/IK.

AKTyallbHOCTB: BIIMSHHME pAaIllCOBOTO 3aBOJa HAa 3KOJIOTHYECKOE
COCTOSIHHE peKd ACKHMHKAa TIPEJCTaBIIsIeT akKTyalbHYyl0 mpoliemy,
TPeOYIOILYIO CPOUHBIX MEp JUIsl yIy4ILIeHUs CUTyalluu. B Haie Bpemsi, korza
obecredyeHne HKOJIOrMYECKON YCTOMUNBOCTH CTAHOBUTCSI Bce OoJiee BaKHON
3a11allel71, TaKu€ HCCICAOBAHUA SABJIAKOTCA KIHOYCBBIMU [JId HOPUHATHA
OCO3HAaHHBIX pEIIEHHWH B O00JAaCTH TNPOMBIIUIEHHOCTH ¥ 3KOJIOTHH.
JlearenbHOCT  NPOMBINUICHHBIX ~ IPENNPUATHI  WMEeT 3HauMTeIbHOE
BO3JICHCTBIE HAa OKPYXAIOIIYI0 Cpelry, YTO MPUBOAMT K YXYALICHHIO
9KOJIOTMYECKOTO COCTOSIHMS DPErHOHOB M HETaTMBHO CKAa3bIBAaeTCsl Ha
37I0POBbE HACEIICHHSI.

O0BbeKTOM HCCJIeNOBAHNS SBIACTCS YIaCTOK peKH ACKHHKA HIXKE IO
Te4eHuIo oT parcoBoro 3aBoga OO0 «OneokeMHuKC» B ACKMHCKOM paiioHe
Pecmy6nuku bamkoproctan mpoTshbkeHHOCTBIO 1.5 kM

Lenpto Hameit paboTHI SIBISIETCS ONIPeIeTIeHIE BO3ACHCTBYSI PATICOBOTO
3aBOJIa Ha 9KOJIOTHYECKOE COCTOSTHUE OKPY>KaroIieil Cpe/ibl.

Pancosebrit 3aBOA MOXKET OKa3bIBaThb HETATHBHOC BIHWAHHEC Ha
3arpsi3HEHNE BOJHBIX PECYpPCOB M3-3a CIEIYIOMHNX (haKTOPOB:

1. Hcnonp3oBaHWe XMMHUYECKHX YyJIOOpEHHMH M TECTHLHIOB JUIs
MOBBILIEHHUS YPOXKAlfHOCTH PACTEHUH MOXKET HNPUBECTH K 3arps3HEHHIO
MOYBBI ¥ BOJABI arpOXMMUYECKIMH BEIIECTBAMH, KOTOPBIE MOTYT IIONACTh B
BOJIHbIE HICTOYHHKH.

2. BBIITycK 0TX0/I0B PacTUTEIBEHOTO IIPOU3BOJICTBA, TAKUX KaK CTEOIH,
JIMCThA U APYTU€ PACTUTECIBHBIC OCTATKU, MOXKET MPUBECTU K 3arpA3HECHUIO
TMMOBEPXHOCTHBIX BOI IPH MOMMAJaHUN UX B BOJOCMBI.

3. Wcnonp3oBanue BOJbI [JIsA TIOJIMBA IMOCECBOB MOXKET MPUBOJUT K
HCTOIICHUIO BOJHBIX PECYPCOB B PaiiOHE 3aBOAA, UTO B CBOIO OUEPEb MOXKET
HNPUBOANTH K AC(UIUTY BOIBI JUIS APYTUX LETCH.

4. ParicoBblif 3aBOJI MOXKET TAKKE OTOPACHIBATH MPOMBIIIICHHBIE CTOKH,
COJIepIKalllie Pa3JIMYHbIe 3arps3HUTENH, B OKPYXKAIOIIHME BOJOEMBI, YTO
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CHOCOOCTBYET YXYALICHUIO Ka4eCTBa BOIBI.

OT100p 1poO BOIBI U3 peKu ACKHHKA ITPOBOIMIN B OKTs10pe 2023 1. U B
mapte 2024 r. B coorBerctBun ¢ ['OCT 59024-2020 Boma. OOmme
TpeboBaHus K 0T60py mpod [1].

Jlyis onpeieNicHUs. CONEPIKAHUS TSOKENIBIX METAJUIOB B peKe ACKHHKA
ObUTH TIPUMEHEHBI METOIBI aHajH3a: TPAaBUMETPHs, MOTCHINOMETPHSI M
aTOMHO-abcopOumoHHas CHEKTPOMETPHSI. PesynbraTh ¢uznko-
XIMHUYIECKOTO aHAJIN3a MPHUBEICHEI B Tabmme 1.

Tab6muma 1
DU3NKO-XUMUYECKUH aHaJIU3 BOABI peKu AckuHKa 3a 2023-2024 rr.

IToxasarenu, ex. TIK PesynbraTel ananmsa
MU3MepeHuit 2023 r. 2024 r.
Bonoponnsrit

mokazarensb (pH), 6-9 8.01 8.26

en. pH

Kenezo, mr/om? He 6onee 0.3 0.121 0.213
M;‘;f;ﬁ?“’ He O6ounee 0.1 0.015 0.071

CauHel, Mr/am° He 6ouee 0.03 0.0012 0.0016

Kammuii, mr/mm® | He 6omee 0.01 0.0001 0.0005

ny‘l’\fr/‘;ﬁim“’ e Gortee 350 210 436

W3 Tabmuipl BHIHO, YTO IPHUBEICHHBIC AHAIM3BI TSKEIBIX HOHOB
METaJUIOB HE MPEBHIIMIAIOT NPEAeNbHO JOMyCTUMBIX HopM. OgHako B 2024
TOJy TIOYTH BCE MTOKa3aTeIN 0Ka3aluch BhIIIe, ueM B 2023 roay.

OO6mas MuHEpanu3aIys BoJibl Bo3pocia B 1,5 paza. Haubonbmuii Bkiag
B OOIIyl0 MHHEpAIM3alMIO  BOJBI  BHOCAT  paclpoCTpaHEHHBIE
HeopraHuueckue coiu (OMKapOOHATHI, XJIOPHABI U CyIb(aThl KaJbIus,
MarHus, Kajdus ¥ HaTpus), a TakKe HeOOJNbIIOe KOJMYECTBO OPraHUUECKUX
BEIIECTB.

Ha muHepanmzanuio BoJ BIMAIOT Kak NMPUPOJHBIE (aKTOPBI, TaK H
BO37€elcTBUE uenoBeka. [IpupoHas MUHepanu3anus 3aBUCUT OT I'€0JIOTUU
paiioHa mpomMcxoXxaAeHus Box [2]. Pa3nudHBI ypOBEHbP pPAaCTBOPHMOCTH
MUHEPAJIOB IPUPOTHON CPEIbl OKAa3hIBACT CEPbEIHOE BIMSIHAE HA HTOTOBYIO
MUHEPAITN3AIUI0 BOJBI

BosnetictBre qeJI0BeKa CBOJIUTCS K CTOYHBIM BOJIaM
MIPOMBIIINICHHOCTH, TOPOJICKIM JINBHEBBIM CTOKaM (TaK KakK COJIM M MPOYne
XMMpPeareHbl HCHOIb3yETCs 3UMOH U1l OOPBOBI ¢ 0JIEIEHEHUEM JOPOKHOTO
MOKPBITHSI), CTOKaM C CEJbX03yroauil (Koropble 00padaThIBAaIOTCS
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XUMHYECKHMH yIOOPEHHUAMHE) H T. 1.

He3HaunTenbHO yBEIMYMIIOCH COJAEPXKAHUE HOHOB eje3a. VIoHBI
JKeJe3a YXYALIAIOT —OpraHoJENTHYeCKUEe CBOWCTBA, MPUAAIOT  BOJE
HENPUATHBIA BSOKYIIMA BKYC, W JIeNAlOT BOJAY HE MPUTOJHOW JUIs
WCIIOJIb30BaHMs B TEXHHYECKUX LIEISIX U AUl TUThsL. JKere30 nmonagaer B peky
M3-3a OTMHUPAHHS PACTUTENBHBIX M )KUBOTHBIX OCTAaTKOB, KOTOPBIE TTOMAAAI0T
B BOAY B IABOJIOK, a TAKXKE CO CTOYHBIMH BOJAMH C JKHBOTHOBOJYECKHX
(hepm. 3aBoJI IO IPOU3BOJCTBY PATICOBOTO

CopneprkaHue JKene3a B BOJOEME BIMSIET M Ha OOIIYIO )KECTKOCTh BOJIBI.
[To pe3ynpraTam HccIeAOBaHUS BUIHO, YTO CO/IEPKAHKE TSKEIIBIX METAIIIOB
B peke ACKHMHKa OYEHb HU3KOE, TaK KaK M3y4aeMbIH BOJOEM HAaXOMUTCS Ha
TEPPUTOPUH, T/Ie HET OOJBLINX IPOU3BOJICTB, KOTOPBIE MOTJIH OBl yBEIUYHTh
COJIepiKaHUE TOKCHKAaHTOB B Boje. C(nemoBaTesnbHO, 3KOJIOTHYECKOE
COCTOSIHUE PEKH ACKHMHKA SIBJISIETCS YIOBJIETBOPUTEIbHBIM.

Bnustaue pancosoro 3aBoga OO0 «OneokeMHUKe» Ha peKy ACKHHKa

1. 3arpsisHeHme BoOABI: OOHAapYXEHO YBEIMYCHUE COJACPIKAHUS
XMMUYECKHUX 3arpsa3HUTENIeH B BOAE PEKH BOIM3M 3aBoJa. JTO CBA3AaHO C
BBIOpOCaMH MPOM3BOJICTBEHHBIX OTXOA0B U COPOCAMH CTOYHBIX BOJ.

2. HN3menenue d¢uopsl u ¢ayHbl: HAOMIOZAaeTCS COKpAaIlIeHUE
YHCIEHHOCTH W Pa3HOOOpa3usi JKMBBIX OPraHU3MOB B peKe H3-3a
HETaTUBHOTO BO3/IECHCTBUS 3arpsI3HEHMUS HA 9KOCHUCTEMY .

3. DKOHOMHYECKHEe TOCHEeACTBHS: YXYIIICHHE HSKOJIOTMYECKOTro
COCTOSIHMSI PEKHM HETaTUBHO CKa3bIBAETCSI Ha PHIOOJOBCTBE M CEIHCKOM
XO3HCTBE, YTO MPUBOJMT K yOBITKAM JIJIsi MECTHOTO HACEJICHHSI.

HccnenoBaHue MOKa3bplBAa€T, 4TO JEATEIHLHOCTb PAlCOBOIO 3aBOJA
OKa3bIBa€T BIIMSIHUE HA OKOJIOTHYECKOE COCTOSIHHE pPEKH ACKHHKa |
oKpyxatoiei Teppuropur. HeoOXoauMbl CpOUHBIE MEPBI 10 YMEHBIICHHIO
BBIODOCOB BPEAHBIX BEIIECTB M BOCCTAHOBJICHHIO JKOCHCTEMBI IS
COXpaHEHHMsI 3710pOBbsl HACENICHNsI U ONOPa3HO00pa3Hs peruoHa.
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HOPMATHUBHO-ITPABOBOE PEI'YJIMPOBAHUE OLIEHKHA
IKOJIOTMYECKOT'O COCTOSHUA NMPEJANPUATHI

O1eHKa 5KOJOTUYECKOTO COCTOSHHS TPOU3BOICTB M NPEIIPHATHI B
COBPEMEHHOM MHpPE SIBISIETCSI BaKHBIM JJIEMEHTOM  XO3SHCTBEHHOMH
JEATEIPHOCTH M CIIOCOOOM TOJIEPXKKH YCTOHYMBOTO pa3BUTHSA. ITO
HalpaBJICHUE IPUBJIEKAET OIpPEAEICHHbIC MPOOJIEMbI, KOTOpbIe TPeOyIOT
MIPUCTAJIFHOTO BHHMMAaHHUS CO CTOPOHBI TOCYIJapCTBa, YTO TPHUBEIO K
CO3/1aHUI0 COOTBETCTBYIOIIUX HOPMAaTHUBHO-TIPABOBBIX aKTOB,
PETYJIUPYIOIUX 3TOT BUJ IEATEIBHOCTH.

Koncrutynus PO conepkuT nojoxeHus, rapaHTUPYIOIINE TpakaaHaM
IIPaBO Ha OJIATONPHUATHYIO OKPY’KAIOIIYIO CPeNly, a TaKkKe IMPeayCMaTpUBATh
OTBETCTBCHHOCTb 32 HAPYIICHNE SKOJOTHIECKUX TIpaB 1 obs3aHHOCTEH [1].

OenepanpHbiii 3akoH "OO OXpaHe OKpyXKaromeil cpenpl” SBISETCS
OCHOBHBIM HOPMAaTHBHO-TIPABOBBIM aKTOM, KOTOPBIA PEryJIHpyeT OLEHKY
9KOJIOTUYECKOTO COCTOSHUS npeanpusTiii B Poccun. 3akoH ycTaHaBIMBaeT
MIPUHOUIBI 1 HOPMBI B OOJIaCTH OXpaHbl OKPY)KAIOIICH Cpelbl, a TakkKe
ompenenseT IMOPSAAOK TPOBEACHUS OIEHKH OSKOJIOTHYECKOTO BIMSHUSA
peanpusaTui [2].

Or11eHKa IKOJIOTHYECKOT0 COCTOSHIS NPEANPUSITHI OCYIIIECTBIIETCS Ha
pa3IMYHBIX d3Tamax M C HCIOJB30BAaHHEM pa3IM4YHBIX METOAOB H
HHCTPYMEHTOB, BKJIIOYAst 3KOJIOTHYECKUH ayAUT 1 MOHUTOPHHT.

B cootBerctBUM ¢ DepepanbHbIM 3akoHOM "OO IKOJIOTHYECKOM
sKcriepTu3e"”, IpennpuATHs  00sA3aHbl  IOJNy4YaTh  pa3pelInTebHbIC
JOKYMEHTBl Ha CTPOUTENBCTBO M IKCIUIyaTalUIO, C Y4ETOM 3aKJIIOYEHUN
rOCyJJapCTBEHHOH 3KOJOTMYECKOM SKCHEPTU3bl. 3aKOH YCTaHABIHMBAET
NpaBWJia TPOBEAEHHS SKOJOTHMYECKOM OSKCHEPTH3Bl M TPeOOBAaHMS K
MarepualiaM U JOKyMeHTaM, IPEe/ICTaBISIEMBIM MIPEATIPUATHAMH 111 OLCHKN
[3].

JpyrumM BaXKHbIM JOKyMEHTOM siBisieTcss PenepanbHblii 3aKOH OT
04.05.1999 1. Ne 96-®3 "O6 oxpane atmocgepHoro Bo3ayxa'. B Hem
paccMaTpUBaIOTCSI HOPMBI BRIOPOCOB PAa3JIMYHBIX BEIIECTB, COEpIKAIIUecs B
O0TXO/AaX IIPOM3BOACTBA W MOTPEOIEHHsA, a TAaKXKE BEIIECTBA, KOTOPBIC
MPUBOIST K HEOJIArONPHSTHBIM H3MEHEHHSM COCTOSHHS aTMOC(HEpPHOTO
Boznyxa (DenepanbHbiii 3akoH OT 04.05.1999 r. Ne 96-®3 "O6 oxpanHe
arMmoc¢epHoro Bo3ayxa'") [4].
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CymecTByeT  psA  HOPMAaTHBHO-TIPAaBOBBIX  AKTOB,  KOTOPBIE
perylaMeHTHPYIOT TpeOOBaHHMsS K OOOpPYJOBaHMIO, TEXHOJIOTHSAM H
MPOU3BOJICTBEHHBIM MpOIecCaM C LEJNbl0 MHHUMHU3AIMHA HETaTUBHOTO
BO3ACUCTBHS HAa OKPYKAIOLIYIO CPEy.

Ha wMexayHaponHOM ypOBHE OJHHM U3 IJVIaBHBIX HOPMAaTHBHO-
[IPaBOBBIX AaKTOB sBisieTcss KHMOTCKUI NPOTOKOJI, NPUHATHIA B paMKax
KonmBennmn OOH 1o w3MmeHeHmro kiumMata. OH  ycTaHaBIHBacT
o0s3aTeNnbCTBA  IUIST  CTPAaH-YYacTHHUII MO  COKPAIIGHUIO  BHIOPOCOB
MApHUKOBBIX Ta30B M CTHUMYJIHPYET BHEAPEHHE JKOJIOTWYECKH UHCTBIX
TEXHOJIOTHI U NMPOLIECCOB HA NMPEANPUATHIX [5].

KonkperHble TpeboBaHHS K OOOpYAOBAHHIO, TEXHOJOTHSAM H
MPOU3BOJICTBEHHBIM TMpOIleccaM OyIyT 3aBHCETh OT chephl NeITCIBHOCTU U
XapakTepa  IpOHM3BOJCTBa.  Hampumep, B oTpaciud  TsKeIoH
IMPOMBINIJIECHHOCTH MOTYT 6I)ITI) YCTaHOBJICHBI Tpe6OBaHI/Iﬂ K OYHCTKC
BBIOPOCOB BPEIHBIX BEHICCTB MIIM HCIOJIB30BAHUIO 3HEProcOCpPEraromx
TEXHOJOTHA. B oTpacny mNUIIEBOH NPOMBIIUIEHHOCTH MOTYT OBITh
YCTaHOBJICHBI TPEOOBaHUS K COXPAHCHHUIO BOIHBIX PECYpPCOB M 00pabOTKe
OTXOJIOB.

Kpome TOro, cCymecTByioT perdoHaJIbHbIE HOPMATHUBHBIE AaKTHI,
yCTaHABJIMBAIOIIUE JONOJIHUTENbHBIE TPEOOBAaHMS, CBSI3aHHBIC C OXPAaHOMH
okpyxatouieit cpenpl. Hampumep, B bamkupun neiicrsyer [locranoBnenue
ot 27 mtonsg 2020 . N 466 «O0 yTBep>KICHUH MOPSAKA IPOBEICHUS padoOT
M0 PEryJIHPOBAaHHIO BBIOPOCOB 3arps3HSIOMIMX BEIIECTB B aTMOC(EpHBIi
BO3AyX B TEPHOABI HEOIArOMPHUATHBIX METEOPOJIOTHUECKHX YCIOBHH Ha
teppuropuu Pecrrybmmku bamkopTocTtany.

[Mopsinok pa3paboTaH B COOTBETCTBHH € (efepabHbIMU 3akoHaMu "O0
oxpaHe okpyxarmeil cpensr”, "O6 oxpane atmochepHoro Bozmyxa", "O
THIPOMETEOPOJIOTHIECKON CITyk0e" M WHBIMH HOPMAaTHBHBIMH ITPABOBBIMU
akTaMH B oOiacTh oOXpaHbl aTMOc()epHOrO BO3AyXa B  LEJAX
NPEeOTBPAIIEHHS YTPO3bl KM3HU U 37J0POBBIO HACETICHUS NPU M3MEHEHHUH
COCTOSIHHSI aTMOC(EPHOT0 BO3/lyXa M CHW)KECHHSI HETaTHBHOTO BO3/ICHCTBUS
Ha OKPY’KaloIIyI0 CPeay BBIOPOCOB 3arpsi3HSIONINX BEIIECTB B aTMOC(HEPHBII
BO3JlyX B IEPUOABI HEOJIArONPHUATHBIX METEOPOJIOTHYECKHX YCIOBUH Ha
TEPPUTOPHUSAX TOPOACKUX M MHBIX mnoceneHnid PecryOmmkn Bamkoprocran
[6].

HopmaTuBHO-IpaBOBOE PETYNMPOBAHME TaKXKE IIPENyCMAaTPUBAET
AIMUHUCTPATUBHYIO W YTOJOBHYIO OTBETCTBEHHOCTH 3a HApYIICHUEC
9KOJIOTHUECKUX TpeOoBaHMi. HecoOumoneHe yCTaHOBICHHBIX HOPM MOXKET
MPUBECTH K mTpadam, IPHOCTAHOBKE JESTEIbHOCTH WIIN JIaXKe JTNKBHUIALNN
MPEANPHUATHI B CIIydae Cephe3HBIX HApYLICHUH.
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HopmaTuBHO-TIpaBOBOE  pEryJIMpPOBaHHE OIEHKH HSKOJOTHMYECKOTO
COCTOSTHHMSL IPEANPHUATHH UI'PAeT BAXKHYIO POJIb B COXPAHEHUH OKPYIKatoIei
Cpeabl W SBISETCS BaKHBIM JJIEMEHTOM XO3SHCTBEHHOW JESTEILHOCTH U
CHoCOOOM TOANEPKKH YCTOHYMBOTO pa3BUTHS. JTO BaXKHBIH mIar B
JOCTHYKEHHUH TOJIOXKUTEIBHBIX H3MEHEHUH B 9Kosoruu. OHaKoO Ha JTaHHBINA
MOMEHT CHCTeMa HOPMAaTHBHO-IIPABOBOIO PETYJIHPOBAHUS B 3TOH cdepe
paboTaeT HEIOCTATOYHO (P PEKTHBHO.
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3AMMAX C KHUKHOM MTOJIKA

UeM maxHET C KHIDKHBIX TOJIOK OHMOIMOTEK? DTOT BOIPOC MOXKET
MOKa3aThCsl HEMHOTO CTPAaHHBIM, HO HAa CaMOM JeJie 3alax KHHUT HUMEeT
Hay4HOEe OOBSICHEHHE, CBA3aHHOE C XMMHUYECKHUX MAaTepHaloB, U3 KOTOPBIX
OHM W3TOTOBJICHBL. HauHeM ¢ TOro, 4To XMMHS CBS3aHA C Pa3IMIHBIMHU
HayKaMH{, TaKUMH Kak (H3HKa, OMOJIOTrHs, HO Majo KTO 3HAeT, YTO OHa
HETIOCPE/ICTBEHHO CBsi3aHa C OMOIIMOTEKOI — XpaHWINIIEM KHUT U T.JI.

MHe HpaBUTCS YUTaTh KHUTH. 51 4acTo mocemaro OMOTMOTEKH, HO
BCer/a 3a{lyMbIBAJICS, a 4YeM K€ IIAXHET, YTO TauT B cebe ITOT 3amax.

OnuH U3 OCHOBHBIX KOMIIOHEHTOB 3araxa KHHUT' — 3To Oymara. bymara,
KOTOpasi MCIOJIb3yeTCs Ul IeYaTh KHUT, OOBIYHO HW3TOTaBIMBAETCS W3
LEIJUTIONO3B], TOMYYeHHOH u3 npeBecuHbl. llopoma He uMeeT OOIBLIOTO
3HAUCHMS: KA4ECTBEHHBIC JIMCTHI MOXHO MOIYYUTh M3 Oepe3bl, COCHBI,
KamTaHa W Tak Janee. Cuwmraercs, 4To Uil M3roTOBieHWs 50 IMCTOB
tdopmata A4, Hyx)HO OKono 1 Kmmorpamma apeecuHbl. [1]. B mpomecce
M3TOTOBIICHNSI OyMaru NMpPUMEHSIOTCS Pa3IMYHble XMMHYECKHE BEIIEeCTBa,
Takue Kak Kayctuueckas coma (ruapokcupy Hatpus, NaOH) u cynbdurst
(rumpocynsdur kanbius, Ca(HSO3);). DT BelecTBa OCTAaBISIOT CIEAbI B
CTPYKType OyMaru 1 MOTYT BIIMSTH Ha €€ 3amax.

W y cTrapbIX, 1 y HOBBIX KHHUT €CTh CBOM XapaKTEePHBIE 3aM1aXxH, KOTOPhIE
00yCTIaBIMBAIOTCS COTHAMM JIETYYMX OPraHWYeCKHX BemecTB. HexoTopsie
13 OTUX BEUIeCTB (B OCHOBHOM XapaKTEPHBIE JIJIsl CTAPBIX KHUT) 00pa3yoTCs
B pe3yJbTare IMpOLECCOB pa3pylieHHs OyMaru, HEKOTOphIe BEIIeCTBa,
NpUMEHSIoIecs pu 00paboTke Oymary, Kies WM YepHUIL.

OpHako cTapble KHUIM MAaxHYT COBCEM IO-IpPyroMy, U B 3TOM
HarpaBjeHUH ObUIO MPOBEIEHO ropasno Ooible ncciaenoBanuii. Mx 3amax
— 3TO pe3yJbTaT pa3pyIIeHUs XUMHUECKUX COEIMHEHNI BHYTpH Oymard, B
KOTOPOH, MOMUMO LEIUTIONIO3bl U BCIIOMOTATENIbHBIX BELIECTB, COAECPKUTCS
JUTHUH. B jpeBecnHe JNWTHUH CBSA3BIBACT IIEJUIIOJIO3HBIE BOJIOKHA U
obecrieunBaeT ee JKECTKOCTh, HO B KHHT€ C TEUEHHEM BPEMEHH OH
pas3maraercsi Ha KHCIJIOTBHI, pa3pyLIafoNIfe IIeJUTIONO03Y, YTO MPHUBOIUT K
MoKeNTeHnto Oymaru. [2].
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CHy

Puc. 1 CtpykrypHas ¢popmyia nurausa [3]

B coBpeMeHHOM MPOM3BOJACTBE KAUECTBCHHOW OyMarw CTaparoTcs
MaKCHUMAaIIbHO YITUTh JIUTHHUH, XOTS pa3pyIICHUE [EIUTIOI03BI MOKET TaKKe
MIPOUCXOIUTH 32 CUET KHUCIIOT, MPHUCYTCTBYIOUINX B OKPYXaoIIeH cpeje.
[MomoOHBIE peakInu HAa3BIBAIOTCS «KUCIOTHBIM THAPOIHU30M» U IPUBOIAT K
BBICBOOOXKIICHHIO IIHPOKOTO CIEKTpa JETyUYNX OPTaHUUECKUX COCIMHEHUH,
KOTOpBIE W CO3JAI0T «3allaX CTapblXx KHAT». YacTe coeAWHEHHWH OBLTH
BBISIBJIEHBl W ONpEJENCHbl: OeH3anplerun (3amax MUHAANSA), TONYONl U
9TUNOeH30)1 (ClIaKUe 3amaxu), BaHWIMH (BaHWIbHBIA apomart), 2-
STUITEKCAHOJ (JIETKUH IIBETOYHBIN apomar) [2].

@] C 2H 5 CH3 O )
I
HO CH
H
Gensanbaerna STUIIOEH30IT BaHUIAH
(3amax MuHza7) (cnazkue 3amaxu)
CH,
0
I\
C H.C—(CH,)C
O \ - L b
H - H
dbypdypans /:% reKcaHalb }
(3amaxom cBeskero HyC CH, (3amax CBEKECKOIICHHOH
PprkaHOro X11e6a) (JIMMOH, anesbCHH) TpPaBbI)
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Ha 3amax ctapoii KHATH BIHSET €€ BO3PACT 33 3TO BPeMs M pa3pyIICHUE
3aIuIo Jajbllie, a YeM cTaplie KHura, TeM OoJjblie ObUlo B e€ Oymare
JIUTHUHA.

3amax HOBBIX KHUT OYCHb CHIJIBHO pasinuacTcs. Ha Hero okaspIBaroT
BIIMSIHAC COCTAB YEPHMJ U KJICEBBIX KOMIIO3HUIIUIL, a TAKXKE CIIOCOO OTOCIKU
Oymaru. Haumbosee pacmpocTpaHeHHBIM THIOTpadCKUM KJIeeM ceiuac
SBIISICTCS COTONIMMEp JTWICHA M BHWHWIANeTara. s orbenmkm Oymarn
CYIIIECTBYET MHOTO CITOCOOOB XJIOpPHAsI, IEpEKHUCHAs, 030HOBAS, U BEIIECTBA
JUIL OTOEJTIKM MOTYT pasliaraTh LEJUTI0N03y ¢ 00pa3oBaHHMEM XapaKTEePHBIX
JETy4nX BEIMICCTB. AMATe3WBHI (COMOJMMEp JTHJICHA ¥ BHUHUIAICTATA).
Bymara w yepHmnma: amMep alUTHIKETeHA (3aliUTa OT BOJBI), MEPEKHCH
BOJIOpoia (0TOEINKA).

MoeM IOJBECTH HTOr, 4YTO Kakoro-TO OTHEJbHOIO BEIECTBa,
00CCIICYMBAOIIUX 3aMaxX CTApbIX W HOBBIX KHUT HET. 3amax 00 KHHUTH
OIMPCACIIACTCA COUCTAaHUCM COTCH U THICAY JICTYUUX OPraHNYCCKUX BEIICCTB,
HEKOTOpbIe M3 KOTOPBIX (OPMHPYIOTCS NpPU XpaHEHHH KHUTH U3-32
MPOLIECCOB PA3JIOKEHHs, & HEKOTOPhIE CBOMM IPOUCXOXJICHUEM OOS3aHBI
0COOCHHOCTSIMH TIPOM3BOJCTBA KHHT.

Korma BB 9yBCTBYeTE 3amax, Hall MO3T HETIPEMEHHO CBS3BIBACT €r0 C
MECTOM, CHUTyaIlliel W BallUMHU ONIYMICHUSIMH. A YyBCTBa OT MPOYTCHUS
KHUT peaKo OBIBAfOT INIOXUMH. BO3MOKHO, BCE [1EJI0 B TOM, YTO YTCHHE KHHUT
— OOBIYHO OYCHB CIIOKOHHOE W 0e30IIacHOE BPEMAMPOBOXKACHUE, TIOATOMY
3amax, CBS3aHHBIA C 3TUM XO000HM, MPOYHO AacCCOIMHPYETCS Yy Hac ¢
YMHPOTBOPEHHEM.

Brnpodem, HaBepHsKa y KaXJOT0 U3 HAC €CTh, M CBOU NIPUYUHBI JTIOOUTH
KHIDKHBIA 3amax. B cnenmyromuit pas, mocemas 6m0n1noTeKy, BIOXHHUTE €&
3amax, IPUHIOXaWTeCh K CTPaHULAM KHHUIU B BalIMX pyKaX, BCIyIIAUTECh B
apoMaTt MOXEJITEBININX CTPAHUII.

CraplluTe HOTKY BaHWIH?
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ONPEJEJEHUE KATHNOHOB METAJIJIOB B MUHEPAJIbHOM
MOTOPHOM MACIJIE

AHHOTauusi. MOTOpHBIE Maclla — JKHIKHE CMa304YHbIe MaTepHAJbL,
HeoOXOIMMbIE I OJKCIUTyaTalud aBToMOOWis. B MoTopHOM Macie
comepxkaTcs 0a30BOEC MAaclio M NPHCAJIKH, yIydIIAoNIHe ero CBoicrBa. B
CTaTb€ IMPCACTABJICHBI PE3YJbTAThl OIPCACIICHUSA KAaTUOHOB METAJJIOB B
MHUHEPaJIbHOM MOTOPHOM Maclie.

KaioueBble ci10Ba: MOTOpHOE Macjio, XUMHUECKHE ITOKA3aTeNN MacJa,
orpe/esieHue KAaTHOHOB METAJIJIOB, ITPUCAJIKH.

MoTopHble Macia UrparoT Ba)KHYIO POJb B JBUIATEC BHYTPEHHETO
Cropanus. B rmaBHoM MexaHu3Mme aBTOMO6I/IHH OHO BBIIIOJHACT Ba>XHBIC
(YHKIUH: 3aII0JTHSIET IPOMEXYTKH H IPEIOTBPALIaeT yTEUKy ra3oB, 00pasys
MAaCJISHYIO IUICHKY; MMOJJICPKUBACT TEMIEPaTypHOE COCTOSIHHE; 3al[HIIACT
OT KHCJIOPOJIa, BIIATH ¥ KUCJIOT; HEHTpanu3yeT KOppO3HOHHO-arpecCHBHBIC
KOMIIOHEHTBI; CHIDKAaeT TpeHue u u3Hoc; mosblmaet KII[; oOecreunBaet
HaJeKHYI0 CMa3Ky JeTalieid JABUratelisi Mpu JIoObIX peKuMax ero paboThl;
00ecrieunBaeT YUCTOTY JICTANCH ABUraTels K Pa3INYHbIM 3arps3HeHusM. [3]

Macio COCTOMT W3 JABYX YacTei: W3 0a30BOro Macjia M Makera
npucajgok. MuHepalibHOE MOTOpDHOE Macjo Haubosiee TIpOCToe B
NPOM3BOJICTBE M 10 CBOMM KadecTBaM. Takoe Maciio CO3[aercs MyTeM
MIPOCTOH MEPETOHKH U AUCTIIIIIIKUN HeTH 1 100aBIeHHs B 6a30BOe Macio
CHUHTETHYECKUX TpHcagok. [lakeT mpucaJok MO3BOJSIET IMOBBICHTH OOlIee
KayecTBO Macjla, NpHIaB €My MOIOIIME, AaHTHKOPPO3HOHHBIE U
NIPOTUBON3HOCHBIE ~ CBOWCTBA. OJTO  MOIOIIME, AHTHOKHCIIUTEIbHBIE,
AQHTU(QPUKIIMOHHbIE, TPOTUBOM3HOCHBIE TNPHCAAKH W  MOJIU(PUKATOPEI
BSI3KOCTH.

[Mpucanxy BEIMONHAIOT (QYHKIMIO JIOTIOJIHEHHS, YCOBEPIICHCTBOBAHMS
nokazatened MoTtopHoro wmacia. OT cojep)kaHHs TPHCAJOK 3aBUCHT
KOPPO3HOHHOE BO3/ICHCTBHE Maciia Ha JAeTaiu qBuratesst. [2]

OTC}O}Ia BBICOKAs aKTYyaJIbHOCTH TEMBI COJACPKAHUA HOHOB METAJJIOB B
Maciie. MOTOpHBIE MacJa He COJIepKaT B CBOEM [EpPBOHAYAILHOM BUJIE HOHBI
MeTa/uloB. OHM MOTYT HOSIBUTHCS B HHUX TOJIBKO NPH HAIMYMU J00aBOK M
IpHCaiOK, KOTOPbIE BBOAATCS Ha 3aBOJIaX POU3BOACTBA Macia, JIHOO caMuM
OTpeOuTENEM.
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[t oOHapy KeHUst HAaMHU TeX MM MHBIX HOHOB METaJUIOB, IOTpeOyeTcs
MPOBECTH PsAJ KayeCTBCHHBIX pEaKUWi Ha YXKe NpeArojaralonmecs B
npucaaKax. JKCHepUMEHTalIbHas 4acTh IPOBOIMIACH HA OCHOBE y4eOHOTO
MOCOOMs IO KAYECTBEHHOMY XUMHYECKOMY aHaJIH3Yy.

OOBEKTOM ~ HWCCJIEJOBaHMS SIBJISETCS MOTOPDHOE Macio MapKd
OILRIGHT M-8B SAE 20W-20. B xozne sKciepiMeHTa, MOy I BOAHYIO
BBITSDKKY Macila ¢ IOMOIIBIO JCTHTEIHbHOM BOPOHKH, MCCIIEAOBANH €€ Ha
comepxanue uoHos: Mo®*, Ni?*, Ca?*, AP, Pb%*, Cu®, Mn?%, Fe**
Ka4eCTBEHHBIMH PEaKIHIMH.

B pesynbrare ombiTa, 13 BOCEMH JJaHHBIX KATHOHOB, OBLITH OOHApPYKEHBI
nBa katnona. Karnon mommbaena (VI) u amromunaus (111).

Ha ¢unbrpoBanbHoii Oymare BelieICTBHE 00pa30BaHHs THOLHAHATHOTO
KOMILJIEKCa MOJIMOieHa OSBUIIOCH OJIeTHO-PO30BOE MIATHO. DTO JOKA3hIBAeT,
YTO B HCCJIEAYEMOM He(TEeIpoayKTe IPUCYTCTBYET KAaTHOH MOJIMOACHA.

Monuoaen (Mo) — 3a4acTylo BCTpeyaeTcst B CBEXKUX MOTOPHBIX Maciax.
BeimossseT cnenyromuye GyHKIMN: CHIKAST TPEHUE MEXKITY TOBEPXHOCTAMH
JieTajgel, co3naBas HM3HOCOCTONKOE IOKPBITHE;, CHIDKAeT LIYM pPaboTHI
JBHUTATEIIs; 001aJaeT aHTHOKHCIUTEILHBIMU CBOMCTBAMH.

Peaknmeit ¢ anu3apuHOM OOHApyKMIM KaTHOH aJIOMHHUS B
uccieayeMom obpasue. IIITHO anmm3apMHOBOTO Jaka € aJTIOMHHHEM
nproOpeTaeT po30BaTO-KPacHbIN 1BeT. [1]

Amromuanit (Al) - B CBeXHX Maciax BCTpedaeTcs B HEOOIBIIOM
KOJIMYECTBE B TMape CO 3HAYUTENbHBIM KOJIMYECTBOM MOJMOJCHA.
IIpenoTBpamaer M3HOC MOPIIHEH, HANPaBSAIOLIMX KIANAHOB, JeTallel

MaciioHacoca,  OJoKa  ABWraTeis,  NOJIIAIHUKOB  CKOJIBXKEHUS,
TeHHOO6MeHHI/IKOB, a TaKXXeE CIICIUAJIbHBIX HOKpLITI/If/'I Ha OCHOBC aJIOMUHHA.
Takum obpazom, aHanmu3 1ab0paTOPHBIX HCCIeIOBaHUIN

CBUJICTEIICTBYET, YTO KadeCTBO HCCIELYyEeMOTO0 Macja COOTBETCTBYET
HOPMAaTHBHBIM TpPEOOBAaHUSIM IO IPEACTABICHHBIM (DU3UKO-XMUMHUYECKUM
XapaKTEePUCTHKAM.
Jlutepatypa

1. T'azernuHoB P.P., Pabouas TeTpanp Kk 1a00paTOpHOMY NPAKTUKYMY
0 IMCUUIUTNHE « AHAIUTHYECKash XUMUs». KonnuecTBeHHbIH aHann3: yueo.
nocob6ue Juis cryaenToB HarpasineHus 04.03.01 Xumust, npoduis:
«Oprannueckas u 6noopranndeckas xumus» / P.P. I'azernunos; baml'y,
Bupckwuii pmman. — bupcek, 2018. — C. 61.

2. KynsieB A. M., XuMusi 1 TEXHOJIOTHS PUCAIOK K MaciiaM U TOILIU-
BaM/A.M. Kynses, M., Xumus 1972. — 424 c.

3.DyHKIIMH MOTOPHOTO Maciia [ DIIeKTpOHHBIH peCypc]. — Pexum
nocryma: https://xn--80aa6ac0a.xn--80aswg/2018/06/11/function-motor-oil/
, CBOOOTHBIA.
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Be3pykosa JI.B., JIooos C.JI.

b® YYHuT, r.bupck, Pb

Jlo6og C.JI. — k.0.H., cmapuiuil npenodasameis
bezrukova_liana@list.ru

OCHOBHBIE MEPOITPUSATHS IO YMEHBIIEHHUIO
BbIBPOCOB 3ATI'PA3HAIOHNINX BEIHIECTB HA A3C Ne02-038
CEJIA APXAHI'EJIBCKOE PECITYBJINKA BAIIKOPTOCTAH

MyHUIMNAanbHBIA  paliOH  pacHojoKeH B  LEHTPaJbHOM YacTH
pecriyOnmuku  bamkopTocTaH  foro-socrouHee  Y(bI, IUIOMAAB  €TO
TeppUTOpUN cocTaBisieT 2422 xkm2. PalloHHBINH LEHTp ApXaHTeIbCKOro
paiioHa — c. ApXaHreJIbCKOe, HaXOMUThCS B 88 KM FOro-BocTouHee Y (bl

ITAO AHK «bamnedTs» — 53TO JAWHAMHYHO pPa3BHBAIOILASICS
BEPTUKAJIbHO-UHTErPUPOBaHHAs He(TsAHAs KOMIIAHHs, CHOPMUPOBAHHAS HA
0aze xkpynHeimux npeanpustuii TOK Pecny6nuku bamkoprocras.

Hamu Ui BBIMOJNHEHHS HCCIICAOBATEIbCKONW pabOThl ObLIAa BhIOpaHa
6a3a A3C c. Apxanrensckoe, yin. Coerckas 155.

ABToMoOmIbHEIE 3anpaBovHble cTaHOUU (A3C) SBISIOTCS Ba)KHBIM
JIEMEHTOM JIOPOKHOH HHQPacTpykTypbl. COBpeMEHHbIE pOCCHilcKne
aBTOMOOWIIM HCTIOJIB3YIOT CIIETYIOIINE BUIABI MOTOPHOTO TOILTHBA:

— aBTOMOOWIBHBIN OEH3HUH;

— JIM3eTbHOE TOIIJIHBO;

— coxmwkeHHbIN HedTsaHOU Ta3 (CHI', mponan-0yTaHOBas cMech);

— KOMIIPUMHPOBAHHBIH (C)KaTHIN) IPUPOHBII ras3.

OcCHOBHBIE IPUYHHBI yTeueK HedTenpoaykros Ha A3C: nepenonHeHue
pe3epByapoB IpH ClIMBE HEPTENPOAYKTOB U3 aBTOLMCTEPH, MOJIYIPHIIEIIOB
1 TIPHUIEIIOB; Pa3beAWHEHNE COSAMHEHWH B TEXHOJOTHYECKHUX OOBS3KaxX U
MOJOMKM B  HAallOPHO-BCAchIBAIOIIMX TPyOONpPOBONAX  pE3epBYapoB;
TIepeTIoTHEHNE TOIUIMBHBIX 0AKOB IIPH 3alpaBKe aBTOMOOWMIICH; aBapuH Ha
TpyOOonpoBoaax M OOBsI3Kax KOJOHOK B pE3yJIbTaTe CTapeHus] MeTalula;
HEHMCIPaBHOCTH Pa3JaTOYHbIX KPAHOB M ITOBPEXKIAECHUSI HAIOPHBIX PYKaBOB;
HEHMCIPaBHOCTh CIIMBO-HAJIMBHBIX YCTPOHCTB pe3epBYapoB U JIBIXaTEIBHBIX
KJIATIAHOB, pa3repMeTH3alus JIOKOB Pe3epByapoB; H3HOC 000PYHLOBaHHS 110
Mepe BBIPaOOTKM HOPMAaTHBHOTO pecypca; HEJOCTaTOYHBIH ypOBEHB
TEXHUYECKON MOATOTOBKM W TUCHUIUIMHBI OOCTYXHBAIOIIETO IEPCOHAIIA;
HEJIOCTATOYHBIA HaI30p 3a coOmrogeHueM mpaBui dkcruryatanuun A3C u
obopynosanus [1].

Hamu 6611 TpoBeieH XUMUYECKHUI aHAIN3 IPO0 MOYB ¥ IPYHTOB 30HBI
a’parnuu.
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Tabmuua 1.
Pe3ynibTaThl XUMHYECKOTO aHATIH3a

Homep Xapakrep Uutepran | ConepxaHue, MI/KT
poOBI orpoboBanust | (M) MecTa HedrenpoaykTst | DeHObI
MOYB otbopa
mpo6
1 ITousa 0,0-0,2 3,7 0,03
2 ITousa 0,0-0,2 1,8 0,028
3 ITouBa 0,0-0,2 7,28 0,02
4 ITousa 0,0-0,2 16,8 <0,01

KomruiekcHass omeHKa COCTOSHHsI IOYB IO (hakTopaM CTEIeHH
3arpsi3HCHUS, MHUTPAallMd W HWCIOJB30BAHUSA JaHa 10  OOBEKTY
YIOBJICTBOPUTEIIbHAS.

BMmernmaronumu  OpoJaMH  SIBIISIIOTCSL  HACBIMHBIE  TPYHTHI,
MPE/ICTAaBICHHBIC INIMHUCTHIM MaTEPUAIOM C IPEBECHOM, IIIeOHEM ITeCUaHuKa
u wmepreneir (0,2-1,0 M), rmHa CBeTNO-Oypas IUIOTHAs, C MEIKHMHU
obomkamu mecuanukos -5% (1,0-3,0 m).

KommiekcHast oIieHKa COCTOSIHUS TTOPOJI 30HBI adpanuu mo (akropam
CTETICHU 3arps3HECHUS, MUTPAIMH ¥ HCIIOJIH30BaHUS YIOBICTBOPUTEIBHAS.

Pe3ynbTaThl aKTHBHOCTH KaTaJH3bl IIPEACTaBICHBI B Ta0.2.

Tabmnmma 2.
OrnpeneneHne KaTaaa3Hoi aKTUBHOCTH MOYBBI
Oramon (oropoxHas | A3C Nel A3C Ne2
0YBa)
27,3 M 3,7 ma 3,4 mn

Takum 00pa3oM, B MoUBax, B3ATHIX 0KOJIO A3C, KHCIOPO BEIIEISCTCS
B MaJbIX oO0beMax. B a3rTamoHHOW mouBe BBLACISUIOCH B 4-5 pa3 Ooiblie
kucnopona.  CrefoBarelbHO,  pasjoXKeHWE  MEPEeKHCH  BOJOPOJaA,
obpasyroleiics B mpoiiecce AbIXaHUs PACTeHUN U B MPOIECCaX OKUCICHUS
OpraHMYECKHX BEIIECTB B TMOYBe, OyaeT 3arpyaHeHo. [lepekucs Bogopona
SIBIIIETCS. BPEIHBIM TPOIYKTOM MeTa0oju3Ma >KHUBBIX OpPTraHU3MOB, YTO
OTPHUIATENILHO CKa)XeTcsi Ha TIOYBEHHBIX OOWTATENsIX. DTAJOHHAs TOYBa
o0azaeT BBICOKOM aKTHBHOCTBIO (pepMeHTa KaTasasbl, YTO OJIATOIPHUATHO
IS J)KM3HM IIOYBEHHBIX OOMTATEIEH.

OCHOBHBIE MEPOIIPHUATHUS 0 YMEHBIICHHIO BHIOPOCOB 3arpsI3HIIOIINX
BemiectB Ha A3C: moaaepxaHue B TMOJTHOW TEXHHUUYECKOW HCIPaBHOCTU
pe3epByapoB, TEXHOJOTHYECKOrO0 OOOpPYNOBaHUS U  TPYOOIPOBOJOB,
o0ecreyeHrne MX TepMETHYHOCTH; MOIJCPKAHUE TEXHUICCKOM NCIIPaBHOCTH
JIBIXaTEJIbHBIX KIJIAlAHOB, CBOEBPEMEHHOE MPOBEACHUE HX TEXHUYECKOTO
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oOCITy)KMBaHHsI M COOTBETCTBYIOLIMX  PEryJHpPOBOK, oOecnedeHue
TePMETHYHOCTH CIIMBHBIX W 3aMEpPHBIX YCTPOMCTB, JIIOKOB CMOTPOBBIX H
CIIMBHBIX KOJIOALEB, B TOM YHWCIE W INpPH TPOBEACHHU ONEpauuil cluBa
HeTENPOAYKTOB B TMpOIECCe HX XpaHEHMs; OCYIIECTBICHHE ClIMBa
He(TEeNnpOIYKTOB M3 aBTOLMCTEPH TOJIKO C NPHUMEHEHHUEM TI'€pPMETHYHBIX
OpicTpopasbeMHBIX My(dT (Ha aBTommcTepHe u pesepByape A3C);
HE/IOTyIICHHE TIEPEIMBOB M Pa3iIMBOB HE(PTEMPOAYKTOB IIPH 3aMOTHCHUN
pe3epByapoB W 3alpaBKe aBTOTPAHCIIOPTA; 0OOPYAOBaHHE PE3epBYapoB C
OCH3MHOM Ta30BOH 0OBs3KOH; oOopymoBaHue pe3epByapoB A3C wu
TOIUTUBOPA3IaTOYHBIX KOJOHOK CHCTeMaMH (yCTaHOBKAMH) YIIaBIMBAHHUS
(oTBOmA), pekymepamuyd TapoB OCH3MHA; MOJIACPKAaHHE B HCIPABHOCTH
CYETHO-IO3UPYIOIUX  YCTPOMCTB, YCTPOMCTB M IIPEJOTBpAIlCHUS
nepeBa, CUCTEM 00eCHeYeHUs] TePMETHYHOCTH TIpoliecca ClIMBa, CUCTEM
ABTOMATU3UPOBAHHOTO N3MEPCHUA KOJIN4YeCTBa CJIMBACMBIX
He(TENPOIYKTOB B EAMHHUIIAX Macchl (00beMa), a TaKkKe YCTpoicTBa
TpyOOIPOBOIa MOCIIe OKOHYAHHS Oneparuu ciusa [3].

Jlutepatypa

1. boromo6os, C. A. IIpaBoBBIC OCHOBBI MPUPOIONOIH30BAHUSI H
OXpaHbl OKpYXAIOIIeW cpelpl . y4eOHHMK ¥ NPAKTUKYM s By30B /
C. A. boromo6oB, E. A.Ilo3gaskoBa. — 5-¢ m3m., mepepab. W oI —
Mocksa : U3marensctBo HOpaiit, 2024. — 479 c.

2. Jlarpimenko, K.II. MOHHUTOPHHT 3arpsi3HCHHS OKPYXKaroei
cpedbl : y4eOHHMK W TPaKTHKyM JUIS CpeJHero mnpodeccroHanbHOro
obpazosanust / K. I1. Jlarbienko. — 3-e u3j., nepepad. u gorn. — Mockaa :
UznarensctBo FOpaiit, 2024. — 458 c.

3. XaycroB, A.Il. HopmupoBaHune U CHIKEHHE 3arps3HEHHs
OKpY’KalolIe cpensl : y9eOHUK M MpakTukyMm ais By3oB / A. I1. Xaycros,
M. M. Pennna. — 3-e 3., mepepad. n gom. — Mocksa : M3narenscTBo
IOpaiit, 2024. — 454 c.
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Bacunruna P.P.

b® YYHuT, r.bupck, Pb
Jlvrieun C.A., k.x.H., Ooyenm
vasingina.regina@yandex.ru

ONPEAEJNEHHUE HEKOTOPBIX ®U3UKO-XUMHWYECKHUX
MMOKA3ATEJIEM HE®GTHU MECTOPOXKJIEHUA UMEHH
BUHOI'PAJOBA

Hed1s mpencraBmser coboil MaciIsHUCTYIO TOPIOYYIO >KHAKOCTH OT
CBETIIO-Oyporo 10 HYEpHOTrO I[BETA, COCTOSIIYI0 B OCHOBHOM H3 CMECH
YIJIEBOJJOPOIOB PA3IMYHON MOJICKYJIAPHOM MacChl U IPYTHUX XHUMHUECKHX
coenuHeHuil. CoBpeMeHHas YHEepreTUka U NMPOMBIIUICHHOCTh HCIOJIB3YIOT
HeTh M MPOAYKTHI ee mnepepabOTKM KaKk OCHOBHOM HCTOYHHMK DHEPIHU.
Crenys u3 91010, HeTh MMEET BAXKHOE 3HAYCHHUE, U TI03TOMY OIpE/eIeHHUE
ee (PM3UKO-XUMUYECKHUX TT0Ka3aTeneil — BONPOC aKTyalbHbIH.

Mecropoxkaenue wumeHn Bunorpagora (bombmoe OnbxoBckoe
MECTOPOXKICHHE)  paclojokeHo B  bemosipckom  paiioHe  XaHTHI-
MaHcuiicKoro aBTOHOMHOTO OKpyTa TroMeHCcKo# o0macTu.

[TnoTHOCTBIO Ha3BIBAaE€TCS Macca Tena, CoJeplKamascs B EIUHUIE
obbema. [IMOTHOCTE HEPTH ONpENEeNAIOT ApPEOMETPHUYECKUM CHOCOOOM
(F'OCT 3900-2022. Hedts u nHedrenmpomykTel. MeToOAbl OmpeneiIeHus
I0THOCTH). CYITHOCTh METOJa 3aK/IIOYAaeTCs B MOTPY)KEHUH apeoMeTpa B
UCIIBITYEMbIl TPOJAYKT, CHATHUM IIOKa3aHHWs 10 LIKaje apeoMeTrpa IpH
TeMIIepaType ONpeeleHus U nepepacdyere pe3yabTaToB Ha IUIOTHOCTh IpHU
temmeparype 20°C. [IpoOy mepeHoCAT B YUCTHIA CyXOW IMIWHAP, CTaBSIT
UWIMHAP Ha POBHYIO TOPHU30HTAILHYIO MOBEPXHOCTb, HOIPYKAIOT
COOTBETCTBYIOIIMI apeoMeTp B LMIHHIP, BBIICPKUBAIOT JIO MOJOKEHHS
paBHOBECHsI, CUMTHIBAIOT IIOKa3aHWEe CcO MIKajbl apeomerpa. [locie
CUNTBHIBAHUS IIOKAa3aHHUsI apeoMeTpa CUMTHIBAIOT IIOKa3aHUE TEPMOMETpA.
Ucnbitanue npoBousT 3 pasa. BBUMCHAIOT MOKa3aHWE IUIOTHOCTH B
3aBUCHMOCTH OT TEMIIEPaTypPhl UCIIBITYEMOI He(TH.

PesynbraThl HCIBITAaHUH TIpeCTaBIEHBI B Tabnuie 1.
Tabmuma 1
OmnpexneneHne IIOTHOCTH HeQTH
HasBanue mecropoknenust | ITnotHocth (p) | Temmepatypa (t), °C

MecTopoKacHHe 0,853 20

um.B.H.Bunorpanosa
Bs3zkocThio Ha3pIBaeTCS CBOMCTBO IKUAKOCTEH (Ta30B) OKa3bIBaTh
CONPOTHBJICHHE TEPEMEICHUIO OJHOM YacTH JKUAKOCTH OTHOCHTEIHHO
Ipyroii mox ycunmeMm casura. OmpenencHue BS3KOCTH MPOBOAUTCA C

155



TIOMOIIBIO KaNnWUIIpHOTo BUcko3umerpa B coorBercTBuu ¢ ['OCT 33-2000
(Hedrenmpoayxkrsr. [Ipo3padnbie u HEMpoO3padHble KUAKOCTH. OnpeaencHue
KAHEMAaTHYCCKON BS3KOCTH W pacyeT AWHAMHYECKOH BSI3KOCTH) W
3aKII0YACTCS B M3MEPCHHM BPEMEHH HCTEUCHHS OMPENeSICHHOro oGbema
HCIIBITYEMOT0 He(pTENPOAyKTa U3 Kammiuisgpa oT MeTkr M1 1o Mmetku M2 noz
BIMSIHMEM CHJIBI TSDKECTH. IIpPOCYHMTHIBAIOT CpEAHES 3HAYCHHE TpPeX
HU3MEpEHUi.
Pe3ynbrathl npencTaBieHsl B Ta0IHAIE 2.
Tab6muma 2
OrmpeneneHne KAHEMATHIECKON BI3KOCTH HE(TH

HazBanue Ucnpitan | Ucnbitanune | HMcnbiranue | Cpennee Kunematuueckas
MecTtopoxy | ue Nel Ne2 Ne3 BpeMsl BA3KOCTB, CM?/CeK
EHHS Bpewms, Bpewms, cex | Bpewms, cex | Bpems, cex
ceK
Mecropox 120 119 120 120 35,532
JICHUE UM
B.H.Bunor
pajioBa

Hedte noObiBacTcs B BujE BOJHO-HE(PTSIHOW 3MYJIBCHH, B KOTOPOM
He(pTh U BOJAa HAXOIATCS B CMEIIaHHOM cocTosHUH. IIpucyTcTBue BOABI B
He(TH YBEIMYMBAECT €€ BI3KOCTh, YTO YCIIOXKHSIET TPAHCIOPTHUPOBKY U
nepepabotky. Jlms  KOJIMYECTBEHHOTO  OMpEAENCHHS  COJEep KaHUSA
npuMeHstoT mMetox JuHa n Crapka, IpUHATHIN B Ka4eCTBE CTaHJApTHOTO
(FOCT 2477-65. Hedts u HedrempomykTsl. MeTox ompeneneHus
coJep)kaHusi BOABI). MeToJ OCHOBaH Ha H3MEpeHHH o0beMa BOJIH,
UCTIApUBIIEHCS M3 ONpEIeNIeHHOro o0beMa HcciieyeMoi O0OBOJIHEHHOM
poOB! He()TH TPH MIPOTPEBE €€ 10 TeMIlepaTyphl KUMEHHS B MPUCYTCTBHU
CHELHaIbHOTO PACTBOPHUTEIIS.

Pe3ynbraThl IpeacTaBieHsl B TabmuIe 3.

Tabmuna 3
Onpenenenne coep kanus BOAbl B HePTH

Ha3BaHue MecTOpOXASHUS O6bemMHas 1011 BOABI B HEPTH

Mecroposxaenue uMm. B.H.Bunorpaaosa 9,8%

Takum 00pa3oM, MOXKHO CZEJIaTh BBIBOA, YTO HE()Th MECTOPOIKIACHHMS
umeny B.H.Bunorpagosa nmo muotHoctu sBisercsa nerkoit (0,853 r/cms),
BBICOKOBA3KOI (35,532 cm?/cex). [1]

Jluteparypa
1. IO.I. Kwupcanos, M.I'. Ilumos, A.Il. KonseBa VYuebHO-
MeTonuueckoe nocooue  «AHanmn3 HepTH M HEPTEIPOLYKTOBY.

ExarepunOypr: M3n-so Ypai, 2016.
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OINIPEJIEJTEHUE COJEPKAHUSA BOJIBI B CBIPOIl HE®TH
HOBO-Y3bIBAHIEBCKOI'O MECTOPOKJIEHUS
(PECITYBJIMKA BAIIIKOPTOCTAH)

HedTs Bcernma comepxut B cebe MHHEpaJIbHEIC IPUMECH: BOJA, COJIH,
MeXaHHUYECKHE MPUMECH, 30J1a, a TAK)KE MUHEPaIbHbIE KHCIOTHl U IICIIOYH.
Bosnbiast yacTh MHHEPAJIBHBIX IPUMECEH CONEPIKUTCS B CHIPOH HE(YTH U BO
BpeMsi IepepabdoTKH MOXKET YaCTUYHO MEePEXOAUTHh B HE(PTENPOIYKTHI, YTO
OKa3bIBAIOT CEPLE3HOC BJIUAHUC HA HUX. B0)1a B He(bTI/I B YCJIOBUAX HU3KUX
TEMIIepaTyp KPUCTAJUIU3YETCS, YTO 3aTPYAHACT MepeKauky HedTH (3a0HBKa
¢unbTpoB, NoNOMKa HacocoB). [linacToBast Boaa, comepikaiasicss B He(TH,
Mpe/ICTaBIsIeT CO00i PacTBOPBI COJeH, KOTOPBIE CIIOCOOCTBYIOT KOPPO3UU
obopynoBaHus. Taxke OHa CYIIECTBCHHO yIOPOKaeT e€ TPaHCIOPTHPOBKY
mo TpyOompoBogaM u mepepaboTKy. C yBeIMYeHHEM COICpKAaHUS BOIBI B
He(TH BO3pacTAlOT JHEPreTHUYECKHE 3arparhl Ha e€ WCHapeHne u
KOHJICHCAIIMIO, PacTyT KalUTaIIbHBIC 3aTPaThl HA 000PYIOBaHHE.

OObIYHO B HAYaNBHBIA TEPHOJ SKCIUTyaTalldd MECTOPOXKICHUS
noObIBaeTcsl 0e3BOHAS WM MallOOOBOJHEHHAass He(PTh, HO TO Mepe ee
JI0OBIYM collepiKaHre BOJBI YBenuuuBaeTcs u gocturaer 1o 90-98%. Boaa
MOXET COJiepXaThCd B He(TH B BHAE MPOCTON B3BECH, KOTOpas JIETKO
oTcranBaeTcs npu xpaHeHud. OpHAKO OOJIBIIMHCTBO HE()TH 00pPa3yrOT C
BOJIOH JIOCTAaTOYHO YCTOWUYMBBHIE SMYJIBCUU C cofiepxkaHueM He 6onee 60%.
OO0Opa3oBaHre SMYJIbCHHA TPUBOAUT K YBEITUYCHUIO JKCIUTYaTaI[MOHHBIX
3aTpar Ha 00e3BOXKMBaHHE M 00ECCOINBAHNE TPOMBICTIOBON HEPTH.

OMyJnbcusi — MeEXaHHWYecKass cMech He(TH M IUIaCTOBOW BOJBI,
HEpacTBOPUMBIX JAPYr B Jpyre M HaxOMSIIMXCS B MEIIKOJUCIEPCHOM
COCTOSIHUH.

PaznnyatoT nBa Buia HEQTSHBIX SMYIIbCHIH:

1. Ilpsmas (ruppoduibHas) — HeTH B BOJE, KOrna Karui HedTH
(HemonsApHas KUAKOCTH) SIBIISETCS AWCHEpCHON (pa3oif M pacmpeneneHsl B
Bojie (TOJISIPHASI JKUAKOCTH) — IUCTIEPCHOM cpeie.

2. Ooparnas (rugpodoOHas) - BoAa B He(TH, KOTJa KaIlld BOJBI
(TmonsipHAs KUIKOCTb) SIBJISIOTCS TUCTIEPCHON (ha30i M pacTpeneNIstoTCs B
He(TH (HETOJIIpHAas )KHIKOCTH) - JUCIIEPCHON Cpee.
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CymiecTByeT JBa croco0a ONpenesieHus] BOAbI B HE(PTENpPOIyKTax:
KayeCTBEHHbIC HCIIBITAHWS Ha BOJXY U KOJHWYECTBEHHBIE CHOCOOBI
OTIpeeIICHUS COJIePIKaHUS BOIBI.

Croco0bl onpe/eNieHns] KaYeCTBEHHOTO HalIW4usi BoAbl. [IpucyTcTBue
BOJIBI B CBETJIBIX HEe(TENPOAYKTax ompeaenstoT no crnocody Kmuddopaa.
Jnst ompenencHus BOABI B CMa304HBIX Macilax M APYTHX TEMHBIX
He(TENPOayKTax UCIIONIB3YIOT POOY HA «IIOTPECKUBAHHEY.

KonmuecTBeHHOE oOmpeneneHHe colepKaHHE BOABI B HEPTH W
HedpTenponykrax — ompemersror  mo  [OCT  2477-65.  HawmbGomee
pacupoCTpaHEeHHBIH M MHUPOKO IpuMeHsieMblit Mmeton duna u Crapka. OH
OCHOBaH Ha M3MepeHHH 00BhEMa BOJBI, HCHAPHBLICHCS U3 ONPEACIEHHOTO
00péMa 00BOMHEHHOW MPOOBI He(TEMPOAYKTa IpU mporpese e€ 10
TEMIIEpaTypbl KUIICHUs B IPUCYTCTBUH CHIELIUAIBHOTO pacTBOpUTENs. MeTon
a3€0TPOITHOI NEPEroOHKH 3aK/II0YaeTCsl B OTTOHKE BOJIBI M PACTBOPHUTEIIS OT
HeTenpoayKTa C MOCIEAYIOIUM HUX pa3jieliecHHeM B TIpagyUpOBaHHOM
NPUEMHUKE Ha JiBa CJIos. B kadecTBe pacTBOPUTEISI UCTIONb3YETCS TOIYOII.

MaccoByo 0110 BO/IBI B TIPOLIEHTAaX BBIUUCISIOT IO opMmysie:

v
X =1 100% ,
c
rae Vi — 06beM BOIbI B IPUEMHUKE-JIOBYLIKE, MJI;
G — HaBecka UCXOAHOU HePTH.

Tab6muma 1.
I[TokasaTesH coliep>KaHusi BOIBI B CHIPOil HeTH
HedTp O0Bvem [TmoTHOCTH O0Bvem MaccoBas
HCXOJIHOM CBIpOH BO/JIbI B J0JIS1 BOJIBI
HEPTH, MIT HedTH, JIOBYIIKE, X, %
r/em® M
Hogo- 50 0,865 14,5 29
V3pI6arieBckoe
MECTOPOXKICHHE
Jlurepartypa

1. TOCT 2477-65. Hebrtp u HedTenpoaykTsl. Mero] onpeeneHus
coaepxanus Boabl. M.. «M3a-Bo cTanaapTosy, 2002.

2. Tlpuxompko A. B. MeTozpl ONpeneieHust BOBI, COACPKAHUS BOJIBI
B He)TU ¥ He(TENIPOAYKTaX B IJaAOOPATOPHBIX YCIOBHSX: METO. yKa3aHUs 110
BBITIOJTHEHHIO J1abopaTopHOi pabotsl. Xabaposck: U3x. JIBI'YIIC, 2015.
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ONPEJAEJEHHUE INIOTHOCTH MOTOPHBIX MACE.T PA3HBIX
MMPOU3BOJUTEJIEN

3amor gonroBeyHOH W 0e30TKa3HOM pabOTBI  aBTOMOOMIBHBIX
IBUTATEIlell - WCIONB30BaHHE KAYeCTBEHHBIX MOTOPHBIX  Maced,
XapaKTEePUCTHKH KOTOPHIX B MAaKCUMAaJbHOH CTENICHH COOTBETCTBOBAIH OBI
3aJJaHHBIM 3aBOJIOM-TIPOM3BOJIUTENIEM MapaMeTpaM. B riaBHOM MexaHu3Me
ABTOMOOWJISI OHO BBITIOJIHSET Ba)KHbIE (DYHKIMU: TEPMETU3AINS — 3AII0JTHSET
NPOMEXYTKH M IPENOTBpAIlaeT YTeuKy Ia3oB; OXJakJIeHHe — oOpasyer
MacysiHyl0 IUIGHKY M OTBOAMT 4acTh TeIlia; 3alluTa OT KOPPO3UH —
3alIMIIAEeT OT KUCJIOPOAa, BJIard M KHCJIOT; CMa3bIBaHHE — CHIDKAET TPEHHE U
n3Hoc, nossimaet KI1JI; ounmienune — obecneyrBaeT YUCTOTY MEXaHH3MA.

ITouemMy BaKHO WCHONB30BAaTh MPAaBWIBHOE MOTOPHOE Maclio,
pEKOMEHIOBaHHOE  Mpou3BoaWTeNeM  aBToMoOmmsA?  Tompko — OHO
obOecrieynBaeT TpPU KIFOYCBBIX IMapaMeTpa — VIy4YIIeHHbIE pabodne
XapaKTePUCTHKH, BBICOKYIO Ha/IC)KHOCTh U YBEIIMICHHBIA CPOK CITykKOBI [1].

Bruto mpoBeneHO WCCIeIOBaHKE IIOTHOCTH MOTOPHBIX Macell JIBYX
npoussoaureneii: Lukoil Lux 5-5W-30 (Poccust) u Shell Helix HX8
Synthetic 5W-30 (I'epmanusi), SKCIEPUMEHT TPOBOIUIN B COOTBETCTBHH C
meroaukoi [OCT 3900-85 [2].

Meroj ompeaeneHusl IUIOTHOCTH HMHKHOMETPOM C KalwuIIpoM B
MPOOKE C METKOM MPUMEHSIFOT [UIs ONIPEACIICHHSI IVIOTHOCTH HE(PTH, KUIKHX
U TBEPABIX HEPTENPOAYKTOB, a TaKKe T'YAPOHOB, ac(anbTOB, OMTYMOB,
KPE030Ta U CMECH ATHX IPOIYKTOB C HEPTECTIPOTYKTAMH.

MeTon OCHOBaH Ha W3MEPEHHHM OTHOIICHHS MAaCCHI OMPEICICHHOTO
0o0BeMa MCCIIeIyeMOoro Maclia K Macce JUCTHILIMPOBAHHOW BOJIBI, B3STOH B
TakoM ke oOwveme. [Ipm 3TOM Temmeparypa Macia JIOJDKHA COBIAIATh C
TeMneparypoii Bomel. [ TONyYeHWS TOYHBIX pE3yJTaTOB OBLIO
MPOBEICHO JIBa MNApAUICHBHBIX HCIBITAHUAS C BBIYUCICHHEM CPEIHETO
apUPMETHIECKOTO 3HAUCHHUS.

[110THOCTH MOTOPHBIX Macesl BEIYUCISUIN 10 hopMmyJie:

(m¢ —my) pc
Pe= " memmgy T

rJe p; - IIOTHOCTH 00pa3La Ipu TeMIepaType onpeaeneHus, Kr/m>,

D¢ - TWIOTHOCTH BOJBI IIPY TEMIIEPAType OTPEICIICHISI BOTHOTO YUCIIa,
Kr/M®;
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tc- TeMmepaTypa, Ipu KOTOPOH ompesenseTcst BOAHoe 4ucio, °C;

tt - TemMnepatypa, Ipu KOTOPOI NPOBOAUTCS UcnbITaHue, C;

Mo - Macca MyCTOro MMKHOMETpPa Ha BO3IyXe, T;

Mc - Macca NUKHOMETpa ¢ BOJOW Ha BO3AyXe INpH TeMIeparype
OTNpeNeNeHUs] BOJHOTO YUCIa, T;

M¢ - Macca MUKHOMETpa C 0Opa3lOM Ha BO3AyXE IPU TEMIEpaType
UCTIBITAHMA, T;

C - mompaBka Ha JIaBJICHHAE BO3IyXa, Kr/MS;

Pe3ynbrathl SKCcIiepruMeHTa IpUBEACHHI B Tabmmme 1.

Tabmma 1. Pe3ynpTaTel onpeneneHns IIOTHOCTH MOTOPHBIX Mace

Hassanne IInoTHOCTH
MOTOPHOTO Macla, Kr/m®
Lukoil Lux 5-5W-30 850
Shell HelixHX8 841
Synthetic 5W-30

Takum 00pa3oM, pe3yIbTaThl SKCIICPUMEHTA MTOKa3ald, YTO INIOTHOCTh
COOTBETCTBYET K TPEOOBaHUAM MOTOPHBIX Macell.

Macno motopnoe SHELL HELIX HX8 5W30 npennaznaueHo st
COBPEMCHHBIX OCH3MHOBBIX M JU3CJIBHBIX JBHUraTesci, padOoTalouX B
TSOKEITBIX YCIAOBUAX IKCIUTyaTanuu. OTIUYHO MOAXOTUT ISl IKCTPEMATbHBIX
KIUMAaTHYeCKUX 30H (CeBep, TYHIpPa, MYyCThIHS), TSKEIBIX HArpy3oK,
ropoxckoro Tpaduka. OcodenHocrn maciaa SHELL HELIX HX8 5W30:
100%  cuHTEeTHMYECKOE€  Macio;  aKTHBHBIE  MOIOIIME  MPHUCAIKH
NPEA0TBPALIAIOT 00pa3oBaHUE OTIIOKEHUH, YAEp)KHBas 3arps3HEHUS B
o0BeMe Maclia; YCTpaHseT IOCIEACTBHS WCIIOB30BAaHHS HEKAYeCTBEHHBIX
Macell; MO3BOJIET HEe COKpPAaIlaTh WHTEPBAI 3aMEHBI B TSDKEJBIX YCIIOBHIX
IKCILUTyaTal|Hy; 3all[|Ta BUraTes sl Ha BCeM UHTepBalie 3aMeHsbI [3].

Lukoil Lux 5-5W-30 — cunTeTHYecKoe BCECE30HHOE MOTOPHOE Macio,
MpeJHA3HAYCHHOE [UII CaMbIX COBPEMEHHBIX BBICOKO(OPCHUPOBAHHBIX
OCH3MHOBBIX W JHM3CIBHBIX JIBUTATENICH JIETKOBBIX  aBTOMOOWIIEH,
MHKPOABTOOYCOB M JIETKUX T'PY30BHKOB, B TOM YHCIIE OOOpPYIOBAHHBIX
Typ6o-HamIyBoM [4].

JlutepaTtypa

1. Krnaccudukamms MOTOPHBIX Macen. - URL:
http://avtonam.ru/fluids/klassifikaciya-i-oboznachenie-motornyx-masel/. -
16.02.19 (nara obpamienus 10.04.2024).

2. T'OCT 3900-85. Hed1b 1 HedTenpoayKkTsl. MeTobl ONpeneneHns
wioTHocTH. OrnpeiescHue IUIOTHOCTH W OTHOCHUTEIBHOW IUIOTHOCTH
MMUKHOMETPOM: MEKTOCYJapCTBCHHBIN cTaHaapT: nata Beeaenus 2023-01-01
/ Uzn. opunmansroe. — M.: ®T'BY "PCT", 2022. — 48 c.
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3. Mapkermneiic toBapoe Shell. - URL: shell-shop.ru (mata
obpamenus 10.04.2024).

4. Jlyxoin: oumanbHbII caifr. URL:
https://mygt.ru/_upload/pdf/LUKOIL/luks 5w30_sin.pdf (z[aTa obpareHus
10.04.2024).
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HOPMATHUBHO-ITPABOBOE PETYJINPOBAHHUE
JAEATEJIBHOCTHU KYPOPTHBIX 30H

HopmaTuBHO-TIpaBOBOE ~ peryjMpoBaHMe B OOJAacTH  OLECHKH
9KOJIOTHIECKOTO COCTOSHHS KypOpTa UIPAcT BaXKHYIO POJb B TOAICPKAHUN
1 00eCIeYeHNH YCTOHUMBOTO Pa3BUTHUS TYPUCTHYECKON HHPPACTPYKTYPHI U
MPUPOAHEIX pecypcoB. KypopTsl, Oyaydn mpuBIeKaTeIbHEIMA MECTAMU JIJIS
OTJBIXa W TypuU3Ma, JO/DKHBI  COOTBETCTBOBATH  OIPEICICHHBIM
9KOJIOTUYIECKAM CTaHIAapTaM, YTOOBI O0CCIICYHTh COXpaHCHHE U OepekHOoe
HCIIOJIB30BaHUE OKPY’KAIOIIEeH Cpebl.

OenepanpHblii 3ak0H 0T 21 HOsOpst 2011 roga Ne 323-03 «O6 ocHOBax
OXpaHbl 3/10pOBbs Tpaxaad B Poccuiickoit @enepanniny sSBISAETCS BaXXHBIM
MIPAaBOBBIM aKTOM, PETYJIHPYIOUIMM OOecleueHHe 310pOBhs TPaKaaH. 3aKOH
OTIpeNieNsieT OCHOBHEIC IPUHIIUIBI TOCYTAPCTBEHHOMN MONUTHKA B 00JIaCTH
OXpaHBI 30POBBS, a TAKKE YCTAHABJIMBACT MpaBa U 00A3aHHOCTH I'PAXKAaH,
TOCyNapCTBEHHBIX OPTaHOB M MEAMIIMHCKUX yUpeXIeHUH B 3ol cepe. OH
HampaBieH Ha oOecneyeHHe JOCTYMHOCTH M KauecTBa MEIUIIMHCKOM
MOMOIIIM, 3allUTy TNpaB ITAUCHTOB, NPOPHUIAKTHKY 3a00JeBaHUN U
COJICHCTBHUE 3I0POBOMY 00pa3y KU3HU. BakHO OTMETHUTH, UTO JAaHHBIN 3aKOH
YCTaHAaBJIMBACT OTBETCTBECHHOCTH 32 HAPYIICHHUE TIPABIII H HOPM, CBSI3aHHBIX
C OXpaHOW 3I0pOBBI, W TPEAYCMATPHBAET aJMHUHHCTPATHUBHEIE,
Tpa)XTaHCKHE M YTOJOBHBIC CAHKIMH B CiIydae WX HecoOmromeHus. Takum
obpa3oMm, 3aKOH CIOCOOCTBYET YKpPEIJICHHIO 370pPOBbSl TPaXKIaH H
obecrieunBaeT 0€30MACHOCTh M KAauyeCTBO MEIUIMHCKOH MOMOIIM B
Poccuiickoit ®eneparum [1].

®enepanbublii 3ak0H «O TPHUPOIHBIX JIEYEOHBIX pecypcax, JieueOHo-
03I0pPOBUTEIBHBIX MECTHOCTAX M KypopTax» oT 23 deBpansa 1995 roga Ne
26-®3 Obl1 NMPUHAT C LEJNBI0 PEryJMPOBAaHMS JIESATEIBHOCTH B 00JacTH
7edeOHOTO W O3[OPOBUTENFHOTO TypH3Ma. 3aKOH OIpPENeNseT IMOHSTHS
NPUPOJIHBIX JIEYEOHBIX PECYPCOB, JIeueOHO-03/J0POBUTEILHBIX MECTHOCTEH 1
KypOPTOB, a TAaKXKe YCTaHABIMBACT MOPAJOK OXPAHBI U MCIIONB30BAHMS ITHX

pecypcos.
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3aKOH Tak)Xe KOHTPOJMPYET JESATEIbHOCTh 10 CO3JIaHUIO U Pa3BUTHUIO
KypPOPTHBIX 30H, OIpPEAEISET IIpaBa U OOSM3aHHOCTH CYOBEKTOB KYPOPTHOI
JEATENTPHOCTH, a TakKXKe IOPSAAOK JHMICH3WPOBAaHMUSA M aKKPEAWTAIUU
KypopToB. B paMkax maHHOTO 3aKOHa YCTaHABJIMBAIOTCS CTaHIApTHI
Ka4ecTBa M OE30MIACHOCTH MPEIOCTABISIEMBIX YCIYT, a TAKKE MEXaHU3MBbI
KOHTpOJISL M Haa30pa 3a coOJII0CHHEM 3aKOHO/ATebCTBAa B JaHHOM cdepe
[2].

ITocranoenenue [IpaBurenscTBa Poccuiickoii deneparuu ot 7 nexadps
1996 roga N 1426 «O06 ytBepxnermn [1omosxeHus 0 IPU3HAHAN TEPPUTOPUI
Je4yeOHO-0310POBUTENILHOM  MECTHOCTBIO M KYpOpTOM  (eaepajbHOro
3HAUEHHSD» PETJIAMEHTHPYET MOPSIOK TNPH3HAHMA TEeppUTOpUil JeueOHO-
03/I0pPOBUTEIBHBIMI MECTHOCTSIMH U KypopTamH (eaepagbHOro 3HaueHHsI.
3TO TOCTAaHOBIEHHE ONPEACTICT KPUTEPHH, KOTOPHIM  JOJDKHBI
COOTBETCTBOBAaTh TEPPUTOPUM ISl TOJyYeHHs craTyca JieueOHOo-
03/I0pPOBUTENBHON MECTHOCTH WM KypopTa ¢enepansHoro 3HadeHus. OHO
TaKKe YCTaHABJIMBACT MNPOLEAYPY PACCMOTPEHHUs 3asBOK Ha NPH3HAHHE
TEPPUTOPUN  J1€4€OHO-0310POBUTEIHHON MECTHOCTHIO HIIH KypOpPTOM
(denepanbHOrO 3HAUCHHUSL.

BaxHO OTMETHTH, UTO NPU3HAHHE TEPPUTOPUH  JedeOHO-
03/I0pPOBUTEILHOW MECTHOCTBIO WIIM KYpOpTOM (elepalbHOr0 3Ha4eHUs
MO3BOJISIET O0ECIeunTh OCOOBIH pPEXHUM OXpaHbl M HCIOJB30BAHUS
NPUPOJHBIX JIEYEOHBIX PECYpCOB, a TaKKe CIOCOOCTBYET pa3BUTHUIO
CaHaTOPHO-KYPOPTHOTO JIeueHus U Typusma [3].

HopMmatuBHO-1IpaBOBOE PEryJIMPOBAHUE ACSITEIbHOCTA KyPOPTHBIX 30H
B PeciyOnmke — bamkoproctan — ocymiecTBiseTcs ~— Ha  OCHOBE
3aKoHoJaTenbcTBa Poceniickoit @enepariu u Pecrybnuku bamkoprocran n
nMeeT 0coboe 3HauUCHHE JUIS COXPaHEHHs IPUPOIHBIX PECYPCOB M Pa3BUTHS
TypPUCTHYECKOTO MOTEHIHMAJAa PErrHoHa. 3aKOHBI M HOPMATHBHBIE aKTHI,
YTBEp>K/ICHHBIE TIPABUTEILCTBOM pecIyOIIMKH, Takue Kak lIloctaHoBieHHE
[IpaBurenscTBa PecyOnmkn bamkoproctan ot 9 ampenst 2024 roma Nel37
«O06 yTBep>KICHNH THUIIOBBIX IOJIOKEHUH 00 0c000 OXPaHAEMBIX IPUPOIHBIX
TEPPUTOPUSAX MECTHOTO 3HAYCHUsS» KOTOPOE, OINpelelsieT HOpPSIoK
WCTIONIb30BAHUSI TEPPUTOPUH KYPOPTHBIX 30H, pPa3MENIeHHsS OOBEKTOB
nH}pacTpyKTypsl, O0ECHEYMBAIOT  KOHTPOJb  Hajx  COOJIIO/IEHHEM
9KOJIOTHUECKHUX CTaHIapToB [5].

B cooTBeTcTBUM C 3aKOHOAATENLCTBOM, B PalOHax KYpPOPTHBIX 30H
YCTaHABJIMBAIOTCS 0cO0ObIe TPEOOBaHHS K CTPOUTEIBCTBY U HCIIOJIb30BAHUIO
3eMenb ISl TYPUCTHYECKHX Iieield. OTH TpeOOBaHHMS MOTYT BKIIIOYAThH
OTpaHUYCHUA Ha CTPOUTCILCTBO OINPCACTICHHBIX THUIIOB 06’beKTOB,
o0s3aTeNnbHOE  NPOBEICHHE  DKOJIOTHYECKOH  OKCIEPTH3Bl  IPOEKTOB,
YCTAQHOBJICHHE CIEHHUATIBHBIX PEKHUMOB HCIIOIb30BAaHMSA 3E€MENb M JPYTHE
MepBI, HallpaBJICHHbIE HA COXPaHEHHE NPUPOJHBIX PECYPCOB U IOIAEPIKaHUE
ONaronpusITHOW 9KOJOTMYECKOW OOCTAHOBKM B KypPOPTHBIX 30HAX.
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OTenbHbIE Y9aCTKA MOTYT OBITh BBIJICIICHBI 110]] PA3JIMYHbIE BUIBI OTABIXa
— CIIOPTUBHBIH, 9KCKYPCHOHHBIN, JIEYeOHBIH U TpoYue.

3akoH Pecry6mmku bamkoproctan ot 31 mroms 1995 roma Ne 8 «O
MPUPOJIHBIX JEYEOHBIX pecypcax, ieueOHO-03J0POBUTEIBHBIX MECTHOCTSIX U
KypopTax» peryJIupyeT OTHOIICHHS B OOJIACTH M3Yy4EHHs, MCIOIb30BaHMU,
pa3BUTHsI M OXpaHbl HPUPOJHBIX JIEYEOHBIX PECypCcOB, JIe4eOHO-
03I0pPOBUTEIBHBIX MECTHOCTEH 1 KypopToB Pecnyonuku bamkopTtoctan. O
YCTAHABJIMBAECT IPABOBOW PEXUM ITUX OOBEKTOB, a TaKXKe MHOPSIOK HX
WCTIONB30BAHMS U OXpaHHI [4].

Takum 00pazoMm, JESITENFHOCTh KYPOPTHBIX 30H PEryJIHPYETCs LEJIbIM
psIOM HOPMAaTHBHBIX aKTOB, KOTOPBIE HANpaBICHBl HA COXpaHCHHE
NPUPOJHBIX JIEYEOHBIX PECYPCOB, CO3JaHUE YCIOBUH i 3((HEKTHBHOTO
JedeHusT W TpOQMIAKTHKK 3a007eBaHWM, a Takxke Ha oOecredeHne
KOM(OPTHOTO NPEeOBIBAHUS OTIBIXAOIINX.
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5. Tlocranosnenue [IpaBurensctBa PecmyOmmku bamkoproctan ot 9
anpenst 2024 roga Ne137 «O0 yTBep»IEHUU THUIIOBBIX ITOJIOKEHUH 00 0c000
OXpaHSEMBIX TPHUPOJHBIX TEPPUTOPHSIX MecTHoro 3HadeHms». URL:
https://npa.bashkortostan.ru/42273/ (nara obpamenus 16.04.2024)
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OCOBEHHOCTHU MOAN®UKAIIMHA ITOJTUIPUPHBIX
HEHACBIIIEHHBIX CMOJI

B HacTosiiee BpeMmsi COBpeMEHHAs! NMPOMBIIUICHHOCTh CTPEMHTCS K
MOCTOAHHOMY COBCPUICHCTBOBAHHUIO MarepuajioB nu TEXHOJIOTUH
IIpoOU3BOACTBA. HepCHeKTI/IBHLIM HalpaBJICHUEM  SABJIACTCA CO3J1aHHuC
KOMIO3UIMOHHBIX MaTepuanoB. KoMOMHAUWS pa3IMYHBIX MaTepHalOB
CO371aeT HOBBIM MPOIYKT, CBOWCTBA KOTOPOrO 3HAYMTEIFHO U Ka4CCTBECHHO
OTJIMYAIOTCS OT XapaKTePUCTUK KAKIOTO OTACIBHOIO KOMIOHEHTA.

B nmaHHOIl cTaTbe MPUBOAUTCS  PE3yJbTaThl  HMCCICIOBAHHN
MOAM(GHKAIMK  MOIMI(PUPHOM CMONBI C  LEeNbI0  YIyYlICHHS e
TEXHOJIOTUYECKUX XapaKTEePUCTHK. DTOT MOAXO/ HAIPABJICH Ha OBBIILICHUE
3¢ (GEKTHBHOCTH TPOU3BOACTBA M OOCCICUCHHE BBICOKOTO KadecTBa
KOHCYHBIX TPOAYKTOB.

OptodraneBast cmona obpasyercs B pe3ysbTaTe IOIHMKOHACHCAIUH
opTO()TaJEBOr0 AaHTUAPUAA C Pa3TMYHBIMH JHOJAaMH, Yalle BCEro ¢
STUJICHTTIMKOJIEM WM JMATWICHIJHKOJIEM. JTOT MpoLecCe HPHBOIUT K
00pa30BaHUI0  MONMIPUPHONW IEMd ¢  OCH30JBHBIMUA  KOJIBIAMH,
MIPUKPEIUICHHBIMHM HETOCPEACTBEHHO K 3(GHUPHBIM TpynmnaM. B pesynsrare
MOJy4aeTcsi MaTepuall ¢ BBICOKOH CTENEHbIO MOJMMEPU3aliY, YTO MPUAAeT
€MY BBICOKYIO MEXAHUYCCKYIO MPOYHOCTH MU XUMHYCCKYIO CTa6I/IJ'H)HOCTI).
OprodraneBbie CMOJIBI 00JIAAAIOT XOPOIIeH 00padaTHIBACMOCTHIO U
OTJIMYHBIM CHCIUICHUEM C apMUPYIOIMUMH MaT€pualiaMHu, 4TO JCJIIACT HX
WCUIBHBIMH IS TIPOW3BOJICTBA KOMIIO3UTHBIX MaTepHalioB, TaKHX Kak
CTeKIomIacTuk [1].

ITpouecc 06pabOTKM HEHACHIIIEHHON MOJIMA(QHUPHON CMOJIBI BKIFOYAET
CIJI/TYIOIIE ATaIIbI:

1. CwmemmBaHHe CMOJIBI C a3POCHIIOM. A3pOCHII T0OABISIETCS B CMOITY
JUIsL YIydIIeHUsT €€ TEeKy4YeCTH W CHIDKCHHS YCAJKU IMPU OTBEPXKACHUU.
TukcoTporHast 106aBka, aspocui —SiO2 106aBISIETCS B COCTAB CBA3YIOIIETO
B KommuecTBe 1-3%. YacTuirsl mopomika o0pa3yroT B CMOJIE CETKY C YaCTBIM
pacIiooKeHHEM SYeeK M3 YaCTHIL IIOPOIIKA, YTO MPEJOTBPAILAET TEKYyUeCTh
CMOJIBL.

2. JloGaBneHue BUHWIALCTAaTa. BHHMIANETAT MCIONB3YeTCS A
peryIupoBaHus BA3KOCTH CMOJBI M YJIYYIICHUS aAre3Md K PasIMYHBIM
TIOBEPXHOCTSIM.
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3. Bmenmenue yckopurens kobambTa. YcKopuTenb KobampTa (2-
stunrekcaonat kobanpta(ll)) cokpaimiaer Bpemsi OTBEp:KACHHS CMOJBI H
obecrnieunBaet 6onee ObICTpoe GopMUPOBAHNE U3ICIHSL.

4. JloGaBnenue wHHUIMATOpa. VHUIMATOp 3amycKaeT IPOIECC
MOJIMMEPHU3aLuK CMOJIB, TIpeBparias e€ B TBEp0e cocTosiHue. MHumarop —
Butanox-M50 B3anMomeiCTBYS ¢ YCKOpUTENIEM, paciiaaeTcs Ha CBOOOIHBIC
paIMKaibl, KOTOpBIE MPOBOLUPYIOT LEIHOM mpomuece nonmumepusanun. OH
IpEeBpaIaeT MOJIEKYJbl MOJIMd(upa B CBOOOIHBIC paIuKaibl. Peakims
NPOTEKaeT ¢ OONbLICH CKOPOCTBIO, B PE3yIbTaTe Yero BBIACIACTCS OONIbIIOe
KOJIMYECTBO TEIlIA.

Cythb Tmpolecca CMCIIMBAaHMS 3aKIIOYACTCS B  PAaBHOMEPHOM
pacopeacjacHu BCCX KOMIIOHEHTOB B CMOJIC IJId JOCTHIKCHUA OIITUMAJIbHBIX
CBOMCTB rOTOBOT0 IPOIyKTa — CBA3YyomIero [2].

B Tabmumme | mpencTtaBieH  CpaBHHUTENBHBIM — XapaKTEPUCTHK
oA ()UPHBIX HECHACHIIIICHHBIX CMOJI JI0 M TIOCIE ¢ MO UKAIIHH.

Tabnuna 1.
OCHOBHBIE XapaKTEPUCTHKHU MOJUI(GUPHBIX CMOJI JI0 U 1ocie 00paboTKu
XapaKTepUCTUKH Pesynbrar Xapakrepuctuku | Pesynbrar
CMOJIBI HU3MEpEHUs KOMITO3UTa HCTIBITAHUN
Buennwmii Buj, [Ipo3paunas Brenruuii Bug CsertIio-
YUCTOTA JKUKOCTD po3oBas
CBETJIO- JKUIKOCTh
JKEJITOTO I[BETA,
0e3
MMOCTOPOHHHUX
BKJIIOUEHUN
Bs13koCTh 110 352 Bsi3kocTh M0 1335
Bpyxdunsay, cll3, Bpyxdunsay, cll3
(23+0,5) °C; *C, NIIAHIETb 2,
2R:60 06/mMuH CKOpoCTh 12
00/MuH, IpH
(23%0,5) °C
Bpewms 17 Bpems 15
reneo0pa3oBaHus, reneo0pa3oBaHus,
MHUH., (23+0,5) °C; MUH, IpU
0,17r Co 6% + (23%0,5)°C,
2r. Butanox M-50. Butanox M-50,
2%
Kucnornoe 15,3 Bpewms 43
yucio, Mr KOH/r reeo0pa3oBaHus,
MUH, TIpH
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(23+0,5)°C,
Butanox M-50,
1%

Crupod, %, 37,9 Bpewms nonHoro 130
36-42 OTBEPKJICHUS,

MHUH., TIPU

(23+0,5)°C,

Butanox M-50,

2%
IInorHOCTH, T/CM3, 1,118 MaccoBas nomus 60,3
(23£0,5)°C; HEJIeTYyYnX
1,110-1,120 BELLECTB, % Npu

135°C
OK30TepMUYECKHI 176 [1oTHOCTH T/CM?, 1,12
muk,°C mpu (23+0,5)°C

MomudunupoBanHas moaudgupHas cMoJia JEMOHCTPUPYET BBICOKHE
naJbHEHNIIEero
ucnoib3oBanus. IIpoBenEéHHbIE UCCENOBAHUS TO3BOJISIIOT ONPENEIUTh
ONTUMAaJIbHbIE MAPKHU CMOJI JUIs IPOU3BOJICTBA CTEKIIOTUIACTUKOBBIX U3IETUI

[OKa3aTeiam,  4TO

ompeensier

TMECPCIECKTHUBBL €C

¢ yu€ToM TpeOyeMBIX CBOMCTB U XapaKTEPUCTHK.

OCHOBE MOMUI(DUPHOI cMOITBI U onicua // I3BecTrs BhICIIMX yueOHbIX
3aBelleHN. XUMUS ¥ XxuMmudeckas texuosiorus. — 2004, — T. 47. — Beim.

1.—C. 112-115.

Jlutepartypa
1. Kosuk B. B., bopomguna 1. A., bopumo JI. I1., Cmmxos 1O. T'.
HccrrenoBaHme CBOWCTB MOMMEPHBIX KOMITO3UIIMOHHBIX MaTEPHUAIOB HA

2. lIsenora A.H. TexHOJOTHS MOSYYCHHS MOIMIGUPHON CMOJIBI

Mmapku «[TH-1»
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OINPEJIEJTEHUE XJIOPUCTBIX COJIEM B HE®GTH
KPACHOXOJIMCKOI'O 1 KYHIKY.J/JIbCKOI'O
MECTOPOXJEHHNU PECITYBJIMKH BAIIKOPTOCTAH

Hedtes — mpupomHoe mckomaemoe, CIOXKHOE IO COCTaBY, HpPHYEM
XMUMHYECKHH COCTaB 3aBUCHT OT MHOTHX (paKTOPOB, TaKHX Kak, reorpaduu
MECTOPOXKJCHHS, YCIOBUH 00pa3oBaHMsl M MPOUCXOXKIACHUMN 3aliexei,
TIyOMHBI 3aJIeraHusi He(TSIHOTO TIacTa.

Hedtb, n3BnekaemMas n3 CKBaXKUH, BCETIa COAEPKUT B ceOe MOMyTHBIN
ras, MeXaHH4eCKue IMPUMECH U IUIaCTOBYIO BOJNY, B KOTOPOI PacTBOpPEHEI
pa3IMyHbIe COJIM, Yallle BCEr0 XJIOPHJbI HATPUS, KaJbLUs U MarHus, pexe
kapOoHatel U cynbgarbl. CojiM, pacTBOPEHHbIE B BOJE M HAXOISIIUECs B
BUJIE KPHCTAJUIOB B HE(TH, COCTOSAT B OCHOBHOM W3 XJIOPWAOB HATpus,
KaJIbIMsI U MarHus. B mporecce nepBnyHoi nepepabOTKH 1MOJ AeHCTBHEM
BBICOKHX TEMIIEpaTyp B NPUCYTCTBHH BOABI XJIOPHUABI MarHus M KaJbIHs
THIPOJIM3YIOTCS ¢ 00pa30BaHUEM XJIOPUCTOTO BOAOPOIA.

Ompenenenne coaepkaHus XJIOPHUCTHIX cojiel B He(hTH MMeeT 00JIbIIoe
3Ha4yeHue. I1ockoIbKy npucyTCcTBHE B HE()TH CoJel BBI3BIBaeT 00pa3oBaHME
OTJIOKEHHUH M KOPPO3HUIO B araparax U TpyOONpoBOJax, YTO NMPHUBOIUT K
COKpAlLllGHHI0O  MEXPEMOHTHOI'O  Impodera  yCTaHOBOK  HEpPBHUYHOMA
nepepaOOTKH, TMOBBIIIAET 30JBHOCTH Ma3yToB W ryapoHoB. Ilo
CYLIECTBYIOIIMM TpeOoBaHMSIM He(pTh balIKUPCKUX MECTOPOXKICHHUH,
MojiaBaeMasi Ha YCTaHOBKH IIEPBUYHON MepepaboTKH, He JOIDKHA COIePKATh
Gonee 15 mr/nm®  xyopucteix coneit [3]. B cBssu ¢ stum HedTh mepen
nojiayell Ha yCTaHOBKHM IEPErOHKH ITOIBEPraloT IITyOOKOMY 00ECCOIMBaHUIO
Ha 3JekTpoobecconmuBatomer ycranoske (DJIOY). [ns onpeneneHus
coJiepkaHus cosell B HepTH M HeTenpoayKTax pa3padOTaHbl pa3iIMYHbIC
XUMHUUYECKHe M (u3ndeckue Meronsl. CyIHOCTh XUMHYECKHX METOI0B
3aKII0YaeTCsl B M3BJICUEHHM XJIOPHCTBIX cojied M3 He(TH BOJIOH, C
MOCJIEIYIOLIMM WHIUKATOPHBIM HJIM [TOTEHIIMOMETPUYECKUM THTPOBaHHEM
MX BOJHOMW BBITSDKKH MJIM )K€ B PACTBOPEHHH IPOOBI HEPTH B OPraHMYECKOM
pacTBOpUTEIe W ONpENCNICHHH  COJCpXKaHHs  XJIOPUCTBIX  COJIei
MOTECHIIMOMETPHYCCKUM TUTPOBaHUeM B coorBeTcTBHU ¢ 'OCT 215342021
[1].

ConepxaHue XJIOPUCTBIX coleil B HE(DTH OMNpENeNsuId METOIOM
MHJIUKaTOpHOro THUTpoBaHus. CyTh JaHHOIO METOAa 3aKJIIoYaeTcs B
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W3BJICYEHUH (DKCTPAKIMU) BOJOW coyiell n3 He)TH W IOCIECAYIOIINM
TUTPOBAaHMEM BOJHOTO SKCTPaKTa (BBITSDKKM) PAcTBOPUMBIX XJOPUIOB
pacTBOpPOM  a30THOKHCIOW pPTYTH B NPUCYTCTBHUM HHIUKAaTopa -
nubenunkapbasua [2].

OOBEKTOM HCCIIENIOBaHUS SIBISUIACH ChIpas M OYHIICHHas HedTh
Kymxkynsckoro u KpacHoxonamckoro mecropoxaenuii Pb.

ConepkaHue XJIOPHIOB BBIpAXKAETCS B MI' XJIOpHAa Harpus Ha 1 1
He()TH WIM B MAacCOBBIX INPOIEHTAX XJIOpHAA HATPHUS B COOTBETCTBHHU C
npuasTod Metoaukoil [2]. IIpu TpeXKpaTHOM THUTPOBAHMH BBIYHCIEHO
cpenHee 3HAaYeHHE COJCp)KaHMs XJOPUAOB B MpoOax HE(TH, pe3yIbTaThl
9KCTIEPUMEHTA MPEACTABICHBI B TA0IHIE 1.

Tabmuua 1. Pe3ynbTaThl onpenesieHns: XJIOPUCTBIX coilel B HedTh
Kpacnoxonmckoro u Kymxkyiasckoro mecroposxxaenuii Pb

Ne HasBanue MaccoBast KOHIEHTpaIus XJIOPUCTBIX COJIEH,
MECTOPOXKICHUS mr/am’
Ceipas HehTh IMoaroroenenHas HedThH
1 KpacHoxonmckoe 62,43 16,07
2 Kymkyneckoe 55,18 14,89

TakuMm o00pa3oM, SKCIHEpUMEHT IIOKa3ajl, YTO B CHIpOH HeDTH
Bamkupckux MeCcTOpOXKICHUN COAepkKAHNUE XJIOPUCTBIX COJIeH TOCTaTOYHO
BBICOKOE, I03TOMY HEe(Tb BCET/a I0{BepraeTcs nepepaboTke Ha yCTaHOBKAX
moxrotoBku HepTH (YIIH). OunineHHas Ha YCTaHOBKaX MMOJTOTOBKH HEPTH
COIICPXKUT OKOJO 15 ™r/aM® XJIOPUCTBIX COJEH, YTO COOTBETCTBYET
TEXHOJIOTUYECKOMY PErIaMeHTy.

Jluteparypa

1. TOCT 21534-2021 Hedtb. Meronmsl onpeneicHUs COICPXKAHUS
XJIOpUCTHIX coelt (¢ ITompaBkamn).

2. Oneiinuk JI.H. Xumust n ¢usuka Hedté u raza: Meroaudeckue
ykazaHus K naboparopHsiM pabotam / JL.H. Omefiauk. - Omck: OMI'TY,
2006. - 32 c.

3. Tynukuu E. U. O6wmast Hedrexumus: yueOHoe rocodue /st By30B /
E. U. Tynukus. - 3-e u3n., crep. — Cankr-IlerepOypr: Jlans, 2021. — 320 c.
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MN3YYEHUE BOITPOCA HE®TH B IIKOJIBHOM KYPCE XUMHUHN

AHHOTALUA

HedTp — 3T0 HIeHHBIH PUPOTHBII HCTOYHHUK YTIIEBOJIOPOIOB U OIHA U3
SHEPrOMCTOYHUKOB JI0OOW cTpaHbl. M3ydenme cocrtaBa, (hu3MKO-
XMMHYECKHX CBOWCTB HE(TH OYECHb BAXKHO B JIOOOM IMIKOJIBHOM Kypce
XUMHH. B 1aHHO# cTaTthe ObLIM pacCMOTPEHBI MOHATHS HE(TH, €e COCTaB, a
TaKKe croco0 JadopaTopHOU MeperoHKH HedTH.

KaioueBbie ciioBa: HedTh, cocTaB He(TH, IeperoHKa HeTH, HU3HUKO-
XMMHYECKHE XapaKTePUCTHKU

OsnakomiieHue ¢ TeMoll «HedTb» B HIKOJIBHOM Kypce XUMHUHM OYEHb
Ba)XHO, TaK KaK B IPOIECCE 3aHATHUH ydalrecsi 3HAKOMSTCS C COCTaBOM, C
(DMBUKO-XUMUYECKUMH  XapakTepPUCTHKaMH  He(pTH, C THOOTE3aMHU
MPOUCXOK/ICHHS, @ TAKKE OCHOBHBIMH 00JIaCTIMH MPUMEHEHNS HEPTH.

Hedte — »T0 mnpupogHas MaciusHHUCTas Troproyas >KHIKOCTh CO
crienuQUIecKuM 3amaxoM. XHUMUYECKHH COCTaB HE(TH OYEHb CIOXKEeH. B
HedTH B ocHOBHOM coiepxkutces 83-87% yrnepona, 11-14% Bonopona, 1-3%
a3oTa, KHCJIOpOJa, Cepbl M pa3iMuHbIX MeTauioB. K yrieBomopojam,
BXOJISILIIUM B COCTaB He()TH, OTHOCSITCS ajKaHbl (MapagrHbl), [UKIOAIKAHBI,
apoMaTH4YeCKUe YIieBoaopobl. DEeHOIIbI colepIKaTCs TOJIBKO B HEKOTOPBIX
HeTsX W BBIJEISIOTCS BMecTe C HAapTEHOBBIMH KHUCIOTaMU MpHU
BBINIETIAYMBAHUN JUCTHIUIATOB [3].

Hed1s, nobbBaeMyro 13 HEp 3eMIIH, HA3BIBAIOT CHIPOil. B chipoM Buze
HeTh He MCHONB3yeTCs, ee moABepraroT nepepadoTke. Tak kak HEPTH — ITO
CMECh YTJICBOAOPOJOB pPa3IMYHON MOJICKYJIIPHOM MacChl, HMMEIOIINX
pas3IMyHbIe TEMIIEPATyPhl KUIICHHUS, €€ TI0IBEPraloT IEPErOHKe U Pa3ieisioT
Ha OTZAEJbHbIE PpaKIny.

OObIYHO chIpass He(TH colepkuT cnexytomue ¢pakuun (Tadbn. 1).
Temneparypa, npu KOTOPO HaYMHAETCS IPOLECC PAa3TOHKH HAa3bIBACTCS
HavaJioM KuneHus [2].

Jlnst 03HAaKOMJICHHSI Ha YPOKE XMMHUH 00YYaroIMMCsl MOXHO T0Ka3aTh
ombiT «OnpeneneHne ¢GpaknuOHHOTO coctaBa HepTm» cormacHo ['OCT
57036-2016 «Hedrenpomykrsl. OnpeaencHue HpakIMOHHOIO COCTaBa IPU
atMocdepHOM naBieHum» [1].
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Tabnuya 1

OcHosHule ¢hpakyuu Heghmu

IIpenea Boikunanusa | Haspanue ppakuun OcHoOBHEIE
MPOAYKTHI

Menee 32°C VYrneBonopoansie ra3sl | byran, u  Ooisee
JIETKHE Ta3bl

(32-140)°C BensunoBas ppaxims BeH3uH, razonun

(140-180)°C

JlurpouHoBast ppakLust

Hadyra, turpoun

(180-240)°C Kepocunosas dpakuust | Kepocun

(240-350)°C JusenbHas Gpakuus Ta30iib, COMAPOBHIIL
JUCTUILIIAT

>350°C OCTaTOK MasyT

Jnsi o3HaKOMIICHHsT Ha YpOKE XUMHHU JUIl OOYYaloIIHMXCs MOXKHO
mokasaTh OmbIT «Onpenenenne (GpakIHOHHOTO COCTaBa HE(PTH» COTIIACHO
IF'OCT 57036-2016 «Hedrenponyktel. OmpeneneHne (ppakIOHHOTO
cocTaBa Ipu atMocepHOM JaBieHUM» [1].

Jns 3TOro CcOOMpAIOT YCTAaHOBKY, COCTOSIIYIO W3 KPYIJIOJOHHOM
KOJIOBI, XOJIONWIBHHKA, IMPHUEMHHKA, 3JICKTPOHArpeBaTelsd W TEPMOMETpA.
[omentarotr Bo B3BemeHHYIO K010y 100 Mi HeTH W CHOBa B3BEIIMBAIOT.
3arem HarpeBatoT. DUKCHPYIOT HAYaIO KUIIEHUs (H.K.) NepBOW (pakiyu 1o
TeMIIepaType MOCTYIUICHHs IEPBOH Karuii OEH31MHA B IPUEMHHK, TIOCIIE Yero
otbupaoT Qpakuuio, Belkumaomyo o 170-180°C. Ilpu nocTmxeHHU
temnepatypsl 170°C MeHSIOT K0JI0y-NPUEMHMK M OTOMPAIOT KEPOCUHOBYIO
¢pakuuo ¢ Temmeparypoil kumenus 180-270°C, 3aTeM, BHOBb CMEHUB
HpUEMHHUK, OTOMpPaloT rasoitnesyio ¢paxuuio (270-320°C). C momoIsio
MEpHOTO IIMJIMHAPA OIIPEACIAIOT 00beM Kax 1ol ppakuuu. OctaTok B Kojbe
TIOCJIE MIEPETOHKN OXJIAXKJAIOT U 3aMEePAIOT MEPHBIM IIMIMHAPOM. Pa3HoCcTh
MEXIy KOJIMYECTBOM IPOJYKTa, B3STOr0 Ha MEPETOHKY, U IOJIyYEHHBIMU
(pakIMsIMU IUTIOC OCTATOK - SIBISETCS OTEpel IPH MeperoHKe.

JIuteparypa:

1. TOCT 2177-99 Hedrenpoxykrel. MeToasl  OmpenerIeHUs
¢pakumonnoro cocrasa — Been. 2001-01-01. — M.: Poccuiickuii HHCTUTYT
cranaapTusanuu, 1999,

2. Kupcanos, 0. I'. Ananu3 Hedtn W HedTenpomayKTOB: ydueOHO-
MeToamyeckoe mocobme. M-Bo oOpaszoBanms u Hayku Poc. Deneparmm,
VYpan. ¢penep. yH-T. — Exkatepunoypr: Ypan, 2016.

3. CyxanoB B. II. Ilepepabortka HedTH: yuyeOHHMK Ui IPOQd.-TEXH.
yue0, 3aBeieHuil - M., «Beicmast mkomnay», 1974.
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AHAJIN3 ®JIOPBI TAPKA "MATb U TUTA" CEJIA MUIIKNHO
PECITYBJINKHA BAIIKOPTOCTAH

AnHoTaunus: B manHO# cTaThe mpoBeneH aHamu3 (IIopsl mapka "Marte
u nutsa" cenma Mumkuao Pecny6bnmmkn Bamkoprocran. Ocoboe BHIMaHHE
YZIEJICHO CHCTEMaTHYECKOMY COCTaBy ()IOpPHI M aHAIU3Y JKU3HEHHBIX (opm
metonom K. Paynkuepa.

KioueBnle cioBa: ¢iopa, moneBoe ucciieqoBaHUE, KIacCUBHUKAIMA
¢nopst o K. Paynkuepy.

B cene Mumkuno PecnyGnukm bBamikoprocraH uccnenoBaH mnapk
"Matp u Juta". OT0 YHHKaJIbHOE MECTO CIABUTCS CBOMM BEIMKOJICITHBIM
maHAmadTOM W BHEUYATILSIIOMIEH apXuTeKTypod. OnHako, HacTosImas
M3IOMUHKA TTapKa - ero pasHooOpasHas ¢uopa [2].

ITonessle uccnenoBanus nposoaunuck B 2023-2024 roga. B mpouecce
WCCIIEZIOBaHMS HCIIOJIb30BAJICS MapUIpyTHBIH MeToa. B xoxe paGoTsl ObLn
CO3/]aH CHUCTEMaTHUYECKHH KaTaJoI pacTeHWH, MO3BOJIIOMNI OoJiee TOYHO
ki1accuduumpoBath Buibl. s onpexeneHHs pacTeHHil HCIOIb30BalIach
nHpOpManus U3 OHJAaWH-ompenenutens pactenuil "Ilmantapuym". basoit
JUISL Halllero WCCJIeOBAaHMs IMOCIyXWiia Kadeapa OMOJIOrHMH, SKOJIOTHH U
xumun b® YVHUT. B pesynbrare aHanusa TaKCOHOMHYECKOI'O COCTaBa
¢bnoper mapka BeisBAeHB! 100 BHIOB pacTeHWid, MpUHAANIEKAMHUX K 27
pa3nuYHBIM cemeiicTBaM (Tabimma 1).

Tabmuma 1
Cuctemartnueckas CTpykTypa napka "Marts u Jlurs" cena
MUIKUHO
Ne CemeiicTBO Yucio
BHJIOB
1. CewmeticTBo AcTpoBbie (Asteraceae) 14
2. CemeiictBo MstnukoBbie (Poaceae Barnhart) 10
3. CewmeiictBo Po3onsernsie (Rosaceae) 10
4. CewmetictBo Opxuanste (Orchidaceae J.) 6
5. Cewmeiicto Kanycrasie (Brassicaceae) 6
6. CemeiictBo I'Bo3anunsie (Caryophyllaceae) 6
7. CemeiictBo Cocnosble (Pinaceae Lindl) 4
8. CemeiictBo OcokoBbie (Cyperaceae Juss) 4
9. CewmeiictBo XBomiessie (Equisetaceae) 3
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10. Cemeiicto MBoBbIe (Salicaceac M.) 3
11. CemeiictBo Bepésonnie (Betulaceae) 3
12. CewmeiictBo bobossie (Fabaceae) 3
13. Cewmeiicto JlrotikoBeie (Ranunculaceae) 3
14. Cewmeiicto 'epanneBbie (Geraniaceae) 3
15. Cewmeticteo Mapessie (Chenopadiaceae) 2
16. CewmeiictBo YactyxoBeie (Alismataceae Vent.) 2
17. | Cewmeiictno Jluneiinbie (Lilliaceae Juss) (Ranunculaceae) 2
18. Cewmeticteo Maxossie (Papaveraceae) 2
19. CemeiictBo Konomnépeie (Cannabiaceace) 2
20. Cewmeiicto Kpsikosuukossie (Grassulariaceae) 2
21. Cewmetictso I'peunmnusie (Polygonaceae) 2
22. CemeiictBo 30HTHYHBIC (Apiaceae) 2
23. Cemeiicto KiéHoBble (Aceraceae) 2
24. Cemeiicto lllutoBaukoBsie (Dryopteridaceae) 1
25. CewmeticTBo bykossie (Fagaceae ) 1
26. Cewmetictso JIunmossie (Tiliaceae) 1
27. CemeiictBo Kpamusasie (Urticaceae). 1

Ananmu3 knaccudukaiuu ¢iaopsr mo K. PayHkuepy, mpoBOAMICS B

¢derpane 2024 roaa ¢ MOMOIIBIO 3JCKTPOHHOW DHIMKIIONEANNA PACTCHUN —
Florapedia. Pe3ynbTaThl npencTaBieHbl Ha PUCYHKE 1.

= [emukpunto@urel ® OaHepoPuThl
Kpunrobursr = XamMehHUThI

Pucynox 1. Ananus ¢iopsr no K. Paynkuepy
[o pe3ynbpTaTam HCCIICAOBAHISI MOKHO C/ICTATh CICAYIONINE BHIBOIBI:

1. ®nopa napka “Martp u Juta" npencrasiena 100 Bugamu pacteHui,
OTHOCSLINXCS K 27 ceMencTBaMm.

2. MHOTOYHCIEHHBIMH CEMEHCTBAMHU  SIBJISIETCS
(Asteraceae), PosoreetHbie (Rosaceae), Msatinkossie (Poaceae).
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3. I1o aHanM3y KM3HEHHBIX POPM JOMUHHUPYIOT TEMHUKPUIITO(UTHIL.
Jlutepatypa

1. AnrtunoBa, E. M. Buomopdornornueckas crpykrypa (IIopsl
ceBepHBIX Jecocteneit Cpenneit Cudbupu / E. M. Anutunosa // CoBpeMeHHbIE
npoOJieMbl Hayku 1 oOpazoBaHus. — 2007. — Ne 6. — C. 2

2. BapranoB, A. 3. MeToapl u NpuOOPHl KOHTPOJIS OKPYKAromIei
Cpensl M 3KOJOTHYECKHA MOHHUTOPHHT: ydueOHUK / A. 3. Bapranos, A. /1.
Py6amn, B. JI. llIkypatauk. — Mocksa: 'opras xkaura, 2009. — 640 c.

Hprybaesa E.B., Kozaosa I'.I'
B® YYHuT, r. bupck, Pb
Kosznosa I'.I", k.x.H., Ooyenm
irgubayeval@mail.ru

OBEYbBS HIEPCTHh B KAYECTBE COPBEHTA JJIs1 OYNCTKHA
BOJ1 OT HE®THU

OCHOBHBIMH ~ 3arpsi3HHMTENSIMH ~ BOJHOM  cpenpl  HeThIO W
HeTenpOAYKTaMHU SIBJISIIOTCS aBapHiiHBbIE PAa3JIMBbI, KOTOPHIE BBI3BAHBI
noObprdeld He()TH M WX TpaHCHIOPTHPOBKOH. Hedrth, momamas B BOXHBIN
00BeKT, 00pa3yeT Ha ero MOBEPXHOCTH CJIOH, a B TOJIIIE BOJIbI IPUCYTCTBYET
B BHJE SMYJbCHUHM HIU OCEJaeT Ha NHO. BCE ATO HEraTMBHO BIIMSET Ha
PacTUTENILHOCTD, BOIHYIO (hayHy, ITHII U JJaKe YeJIOBEKa.

JUis ynaneHus 3arps3HEHUH HCTIONB3YIOT HECKOJIBKO METOI0B OYHCTKH
[2]:

1. MexaHu4eckuii - METOJ OCHOBAaH Ha yJaleHUH He(TH U3 BOJbBI
OTCTauBaHUEM U QUIIBTpalUei.

2. XuMHUUeCcKHil - JOOABISIOT B BOJY pa3Hble XUMHYECKUE PEarcHThl,
KOTOpBIE PearupyroT ¢ HeThIO U Aajee 00pa3yloT HepacTBOPUMBIE OCaIKH.

3. TepmueckwHii - MPOUCXOIUT MPH BEICOKHUX TeMmIiepatypax. OrueBoii
METOJl yAalIeH!s: He(TSHBIX pa3IMBOB OCHOBAH HA MX BHDKUTAHHU.

4. CopOIMOHHEIN - METOJ] OCHOBAH Ha HAaHECEHUHU COPOCHTA B BOIY U
Jarnee ero coopa.

5. buonormdeckuii - OCHOBaH Ha MPUMEHEHUH MUKPOOPTaHU3MOB, JIIS
KOTOPBIX HE(PTH M HEPTETIPOLYKTHI SBISIOTCS UCTOUHUKOM ITHUTAHMS.

Haunbonee cymecTBeHHBIM METOAOM OYHCTKH BOJTHOMN Cpeabl OT HehTH
1 HeTEnpOAYKTOB W3 IMEPEYUCICHHOTO CHHCKa SBISIETCS COPOLMOHHBIH
Mmeron. B Hacrosmee BpeMs CyIIECTBYET MHOXKECTBO COPOEHTOB,
HNOJPA3JCNAIONIMX Ha HEOpraHu4deckue, MOPUPOJHbIE OPTraHUYECKUEe U
cuaTeTndeckne. CoOpOCHTBI  JOMKHBI  COOTBETCTBOBAaTh  HEKOTOPBIM
TpeOOBaHMSAM: XOpOIIasi EMKOCTh 110 OTHOIICHHI0O K HedtH U
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HepTenpoayKTaM, TUAPO(GOOHOCTh, MIABYYECTh MOCIE COpPOIMHU, HH3Kas

CTOMMOCTh, BO3MOXXHOCTh YTHIIM3aIlMM COPOCHTA H  HSKOJIOTHYCCKAs
GesspenHocts [1]. TakuM yCIOBHAM OTBEUYAOT OTXOMABI KHBOTHOTO
MIPOUCXOXKICHHUS.

B nmamnO#i paboTe paccMOTpeHa HE(TETOTIIOMAONIast CIIOCOOHOCTH
mIepcTH U MOAW(UKALUS OBEYbEH MHIEPCTH MIETIOYbI0 IS yIYYIICHUS
MOTJIOIIAIOIIETO CBOMCTBA.

B kadecTBe COpOIMOHHOTO Marepuaiga B3SJIM OBEYHIO IIEPCTh.
Hcxonnsnii copbent maccoit 0,1 r obpadoramu B 1%, 2% n 3% pactBope
NaOH B Teuenue 5 munyt. Ilocne yero mpoMbLIM BOJOM 0O HEHTpaIbHOM
Cpembl M OCTaBWJIM CYIIMTHCS NMPH KOMHATHOW Temmeparype. OOpaborka
LIEeJI0YBI0 YBEJINYHBACT MOTJIOMIAIOIINE CBOMCTBA IEPCTH, TaK KaK YeUTyHKU
LICPCTH PACKPBIBAOTCS B LIET0YHOI cpene [3].

Onpenencuue HereEMKOCTH

[epcts HEOOpaboTaHHyIO 1 00padoTanHyto pactBopoM NaOH pazHoit
KoHLeHTpauuu Maccoi 0,1 T Beigepkaiu B EMKOCTH ¢ HE(ThIO B TeUSHHE 5,
10 u 15 MuHyT. 3aTeM HIEPCTh BBIHYJIM U YIAEP>KUBAIN HaJ €MKOCTBIO IS
CcTeKaHUs HM30BITKA JKUIKOCTH B TEYEHHUE 7 MHUHYT, MOCIE Yero COpOCHT
B3BemmBany. [lomydeHHbIE TaHHBIE TIPECTaBICHBI B Ta0uIe 1.

Tabmumna 1
Macca HepTH, TOIIOIIEHHOH EPCThIO
CopbOeHT 5 MUHYT 10 MuHYT 15 MuHyT
HeoGpaboTtaHHas mepcTh 1,36 1,51 1,47
O6paboranHas 1% NaOH 1,91 2,14 2,06
O6paboranHas 2% NaOH 1,82 2,05 1,96
Oo6paborannas 3% NaOH 1,78 2,03 1,95

Hanee paccuutanu HeQTeEMKOCTh 10 GopmyJie:

HE =

Mporn. —

mI/lCX.

ml/ICX.

TJI€ My, — Macca MepCTH, KOTOpask MOTJIOTHIIA IEPCTh, T

Mycex. —

Macca UCXOAHOU IEPCTH, T.

Paccunrannas HeTe€MKOCTh IIEPCTH NPECTaBIEHA B TaOIHLE 2.

Tabuma 2
HedreéMKocTh mepcru

Copbent Hedreéemrocts (T/T)

5 MHUHYT 10 MunyT 15 MunHyT
HeoOpaboTanHas mepcth 12,6 14,1 13,7
Oo6paborannas 1% NaOH 18,1 20,4 19,6
Oo6paborannas 2% NaOH 17,2 19,5 18,6
Oo6paborannas 3% NaOH 17,8 19,3 18,5
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BeiBom: M3 IOJyYEHHBIX pe3yjbTaToB BHUAHO, YTO ILEPCTh,
o0OpaboTaHHasi LIENOYbI0 Pa3HOW KOHIEHTpAIWU, UMeeT 0ojee BBICOKHUE
MOKa3aTean HePTeEMKOCTH OTHOCHTENILHO HeoOpaboTaHHOH ImepcTy.
HawnGonpuryro Hedre€MKOCTh TOKa3aa mepcTb, oopaboranHas 1 %-HbIM
pactBopom NaOH.

Jlutepatypa

1. Topoxankuna I'.U1., [Tuauykosa JI.W. CopOeHTHI a1 cOopa HedTH:
CpPaBHUTCIBHBIE XapaKTEPUCTHKH W OCOOCHHOCTH NpUMEHEHus //
TpyOonpoBoxassiii Tpancopt Hedtu. 2000. Ne 4. C.12-17

2. KameHnmmkosn DA, BoromonbHbIi E.N. VY nanenue
HEPTENPOAYKTOB C BOIHOU MOBEpXHOCTU U rpyHTa. M. MxeBck: UHCTHTYT
KOMITBIOTEPHBIX HccienoBanui, 2006. C. 144-386.

3. Heojpurosa E.A., IlymkunaK.B., Heodpuroa  H.H.
HccnenoBanue BIMSHHS 9K30TE€HHBIX (DaKTOPOB Ha COCTOSHHE W CBOMCTBA
BOJIOC HAaTOJIOBE UENOBEKa C HCIOJIB30BAHHEM PAa3IHMYHBIX METOA0B
mukpockonun. JXKypHan «HTepakTuBHas Hayka», 2016. C. 48-52.

HcakaeBa H.A., KozaoBa I'.T'.
b® YVYHuT, r. bupck Pb
Kosnoea I'.I". k.x.1., Ooyenm
Isakaeva2001@gmail.com

YTHJIN3ALIMUA ®APMALEBTUYECKHX OTXO0B M UX
BJIMSIHUE HA OKPYKATIOLIYIO CPEJY

AHHOTAUMs: Tpo0iieMa YTHIM3AIMA OTXOMOB C KaXKIBIM TOJ0OM
CTaHOBUTCS Bce Oouiee akTyanbHON. TOHHBI Mycopa eXe4acHoO MOMaialT Ha
MYCOpHBIC TIOJMIOHBI U CKIQAUPYIOTCS TaM. B cocTtaBe TBepIBIX OBITOBBIX
OTXOJIOB JIFOJTA BBIOPACHIBAIOT JICKAPCTBA C UCTEKIIUM CPOKOM TOJHOCTH,
JICKapCTBa, KOTOpBIC OONbIIE WM HE MPHUTOISATCS WM YIAKOBKH OT
JICKApCTBCHHBIX IPENapaToB.

OnacHOCTh JAaHHOTO BU/IA OTXOJIOB OYCHB BEIUKA, BEIb OOJIBITUHCTBO
JICKApCTBCHHBIX CPEJCTB COCTOUT W3 CHHTE3UPOBAHHBIX B JabopaTopuu
BEILIECTB, KOTOpbIe, TMOMajgass B OKPYXKAOLY Cpeay, HaHOCST
KOJIOCCAJILHBIN Bp€A TIPYHTOBBIM BOJaM, IIOYBC HW, KaK CJICACTBUC,
npencraBuTessiM (Gyropel u hayHbI.

KaroueBble  cioBa:  yTHIM3alysi, JICKQpPCTBEHHBIE  OTXOJBI,
(hapmareBTHUECKOE TIPOU3BOACTBO, TAOJIETKH, CyCIICH3UH, TNO(IITN3AT.
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dapmarieBTHYECKHE OTXOJIBl — 3TO JICKAPCTBEHHBIE MpEnaparsl,
KOTOpBIE OOJIbIIE HENb3sl HCIONIB30BaTh M3-32 UCTEUEHHsI CPOKA TOJHOCTH,
HEHCIOJIb30BAHUS, Pa3lIuBa, U3BSTHUS, TOBPSKACHHS, 3arPs3HEHUS] WM T10
moboi apyroit npuunne. Crofa Takke BXOAAT BHIOPOLICHHBIE IPEIMETH,
CHUJIBHO  3arpsi3HEHHBbIE IpH  oOpamieHun ¢ (papMareBTHYECKUMU
npenapartamu, Takde Kak (IakoHbI, amImylibl U KOPOOKH C OCTaTKaMu
(bapmarneBTHUeCKHX Tpenaparos [1].

JlesTenbHOCTh MO OOPAIIECHHIO ¢ MEAUIIMHCKUMHU OTXO/IaMH Pa3InIHBIX
KJIACCOB CTPOTO PErjaMeHTUPYeTCst 3aKOHOM. BemyTcst pa3paboTku HOBBIX,
Oonee Oe30MacHBIX METOAOB cOOpa, TPAHCHOPTUPOBKH M yTHIIM3AIUU
(apManeBTUYECKUX OTXOJO0B. IlepBBIM pPOCCHICKUM JOKYMEHTOM, B
KOTOpOM OBlIa TpejcTaBleHa Tabiaula paclpeneNeHus] MEeIULIMHCKUX
OTXO/I0B MO Kiaccam omacHocTtH, ctan CanlluH 2.1.7.728-99 «IlpaBuia
cOopa, XpaHEHHS M YOAJICHHS OTXOJOB JICYCOHO-TIPOPUIAKTHICCKIX
yupexaenuit»y [7]. Ve depe3 Heckombko JieT Bbimen HoBbid CaulluH
2.1.7.2790-10 [5], nmecsiTeiii pasmen KOTOPOTO MOJHOCTHIO TOCBSIICH
MEIMIMHCKUM  OTXOAaM. HoBamuu 3aTpOHYNIM H  KJIACCH(DHUKAIUIO
MEJIUIIMHCKUX OTXOJOB, TAK)KEe ObLIIM OTMEHEHBI TPEOOBAHHS K ILIOMIAISIM
JUIsi OOpaIlleHHsl C OMACHBIM MYCOPOM, MPHUBEICH MOPSAAOK ISHCTBHUN Mpu
aBapUIUHOMN M TIAHOBOI OCTAHOBKE 00OPYIOBaHUS Ui 00e33apasKHBaHHUSL.

[MosTanHo mporecc cO0pa U YTUITU3AINY BBITJISIUT TAK:

1. Co0p MemUIMHCKMX OTXOJOB B Mecrax o0pa3oBaHus B
OJTHOPa30BYIO Tapy, KOTOpasi COOTBETCTBYET KJIACCY OIACHOCTH.

2. Tlomemenne WX B MHOIOpa3oBble  KOHTEHHEpHI  JUIsi
TPAaHCIIOPTHPOBKHU B MECTa BPEMEHHOTO XPaHEHHSI.

3. TlpeObiBaHMe Mycopa B MeCTax HAKOIJICHUS — J0 24 YacoB B
CIICIIMaJIbHbIX WU HOI[CO6HI)IX MOMCIICHUAX, OOJbIIC 3TOro Cpoka — B
XOJIOAWJIBHOW WM MOPO3UIILHOM Kamepe.

4. OGe33apaxuBaHNE MEAUIMHCKUX OTXOJOB KJIacCa ONACHOCTH B u
b.

5. TpaHcropTHpoBKa K MeCTy YTHIM3allMM Ha CHEHHAIBHO
000pYyZOBaHHBIX ABTOMOOWISAX KOMIIAHMH, C KOTOPBIMH YYpeXKICHHE
3aKJIFOYMIIO IOTOBOP.

Jdnst cOopa W BPEMEHHOTO XpaHEHHS Ha TEPPUTOPHU YUPEKICHUS
HCIOJIB3YETCA TCPpMETUYHAA Tapa, KOTOpas IOMHUMO IIBETOBOI'O 0003HaUYEeHUS
AMeEET JOTIOTHUTEIHHYI0 MapKUPOBKY CO ClIeAyrolel nHpopMaIieit: kiacc,
BeC, KOJIMUECTBO, cocTaB. [ MOKast Tapa HEAOIyCTUMA JJIsl [IOMEIICHHS B Hee
OCTPBIX OCTaTKOB (UIMPHUII, OWTOE CTEKJIO), CIIOCOOHBIX HAPYIIUTHh
repMeTHYHOCTS [4].

CwMenrBaHie OTXOA0B Pa3HbIX KJIACCOB HEIOMYCTHMO, & COOpaHHBIE 10
TapaM OCTaTKd pa3MeIlalTcs B O00OpYyAOBaHHBIX MoMemeHusx. Jlis
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NPaBWJIBHOTO XPAaHEHUs B IOMELICHUSX MOJIEP)KUBACTCS CIICIHaIbHBIN
MHKPOKJIMMAT WJIN YCTaHABIMBACTCS XOJIOAMIBHOE 000pyI0BaHHE.

[Ipobnema yTunu3anuyu MEJUIMHCKHX OTXOJOB BCTaeT HE TOJIBKO B
MEIUINHCKUX YUYPEKACHHUAX, HO U B OBITY, TaK Kak OOJBIIMHCTBO JIIOAEH
YTHIN3UPYIOT (hapMalieBTHYECKUE OTXO/bI BMECTE C OBITOBBIMHU.

C menpio W3y4eHHUs NaHHOW IpoOieMbl OBIJIO OLIEHEHO COIepIKaHhe
KareuTabrHa — JeHCTBYIOIEero BellecTBa npenapara «KaneruraGun»
HOCJIe CMBIBA OCTAaTKOB IIpEapaTa ¢ MyCTON YIIaKOBKH.

Jns  mpoBeneHWs — SKCIEpPUMEHTa  yIAaKOBKa OT  IIpenapara
«Karnerutabun» ObU1a IOMEIIEHA B €MKOCTB € 1 JINTPOM BOJIBI U BBIAEPKaHA
TaM B TeueHue Jaca. [locie yero u3 eMKOCTH B3siTa mpoba Boakl o6beMom 10
MIL

KonnyecTBeHHOE copep)kaHue KarenuTaOMHAa B NPOOE OIpeAeiIeHo
METOJIOM  BBICOKO((EKTUBHOI  KHMIKOCTHOW  Xpomarorpaguu  Ha
xpomatorpade Agilent 1260 Infinity 11.

Jlo mnpoBeneHHs uUCHBITaHMs ObUla MOJy4Y€Ha XpOMaTorpaMma
CTaH/JapTHOTO  pacTBOpa, IO KOTOpOW  OLEHMBAIM  NPHUIOAHOCTh
xpomMatorpaduyueckoii cucreMbl. DakTop acHMMETpUM NHKa KarnenurabuHa
JIOJbKeH OBITH He Oolee 2, B TaHHOM ciydae noiayvmin 1,4. DpdekTuBHOCTH
XpoMatorpauyeckoil KOJIOHKH, PACCUUTAHHOM IO MHKY KaleluTaOuHa,
nmomwkHa ObITh He MeHee 1000 TeopeTHdecknX Tapelok, B JaHHOM Cilydae

nosTyqnin 2298 TeopeTHYECKUX TapelloK.
Auto-Scaled Chromatogram

1420

0,010+

citabifi =

i

kapeci

0,005 |

O_CO&‘“"'\-'“—x-—] | l\—_/\f'\_—-ﬂwi;, W
|

-0,005 ||
|

-0,0104

02 04 060 08 100 120 140 180 180 200 220 240 260 280 300
Minutes

Peak Results
Name | RT Area USP Tailing | USP Plate Count | ResFac | Std_Recovery
1 [kapecitabin) 1 420 | 60431,6748601038 14 2298

Puc 1. XpomaTorpamma ctaHgapTHOTO pacTBopa
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IMocne oueHkn Xxpomarorpaduueckoll CHCTEMbI OBLIM ITOJyYEHBI

XpoMaTorpaMMbl UCIIBITYEMOT'O pacTBOpa.
Auto-Scaled Chromatogram
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Peak Results
Name RT Area USP Tailing | USP Plate Count | ResFac | Std_Recovery
1 Fapecitabin) 1,437 | 36760,0465055203 18 2896

Puc 2. Xpomarorpamma HCIIBITYEMOTO pacTBOpa
3areM NpUCTYIUIIN K 00CUETY MOJIY4YEHHBIX JTaHHBIX 110 (hopMyJie:

S*a®*px1 60432%22,24%0,997*1
= = = 0,365 mr/ma = 0,0365 r/n
S°x10 36760100

Ime: S — 1womags mnuka KarmenurabWHa Ha XpOMaToOTpaMMme
UCTIBITYEMOT'0 pacTBOpa

S° - mronmaaps nuka KarenuTabMHA Ha XpoMaTorpaMMe CTaHJapTHOTO
pacTBopa

a® — HaBeCKa CTaHIapPTHOTO 00pa3ia

P — copneprxanue OCHOBHOTO BELIECTBA B CTAaHIAPTHOM 00pasie

[MosydeHHble HaMHU JaHHBIE CBUJIETEJIBCTBYIOT O TOM, YTO C
BEIOpOIIeHHOH 6aHOUKH OT penapata «Kanenurabuny B 10 11 BB OMaAeT
0,0365 r/nm umrTocraTMyeckoro BemiecTBa KamenutaOuH. Takum oOpaszom,
JlaXke CMbIB ¢ OAaHOYKM OT MCIOJIb30BaHHOTO Tpenapara «KamenntaGum»
HaChIIIAeT BOJAHYIO IKOCHCTEMY NMTOCTATHMYECKHUM BEIIECTBOM, KOTOPOE
naryOHo BiuseT Ha (iopy u dayny.

Jlurepartypa
1. Axumkun, B.I'. Ob6pamenne ¢ orxomamu B JIIIY: mocobue mis
MeauuHckux cecrep / B.I. Akumkun. M.: MIIOSP, 2004. - 176 c.
2. HOeymuua JI. E., Xacacea E. M. YTwimsauus JeKapCTBEHHBIX
npenapatos// Hayunwiii ceteBol kypHan «CTONBITHHCKANA BECTHUK»
Neo7/2022
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Kapumoga 3.P., Tam0oBues K.A.
b® YVYHuT, r.bupck, Pb
Tambosyes K. A., k.x.H., doyenm
zulya.karimova.2001@gmail.com

XUMU3M 1 MEXAHHWU3M NPOLIECCA ITUPOJIN3A
BYTAHOBOU ®PAKIIUN

AnHoTanus. B Hactosmee BpeMss THpoNN3 — Hamboliee KECTKHHA U3
TEPMUYECKHUX TMPOIECCOB Tmepepabotku Hedhtu. OH TPOBOTUTCA MpHU
temmneparypax 750-900 °C u mpejgHasHaueH B OCHOBHOM JJIsi MOJTyYeHHMS

BBICOKOIIEHHBIX 0J1e(MHOBBIX YIJIEBOOPOJIHOTO - CBIPbS
HE(PTEXIMMHUIECKOTO CHHTE3a.
Knarouesbie ciaoBa: MTUPOJIN3, 3TUJIEH, MIPONIHJICH,

HU3KOMOJIEKYJIIPHBIE YIJIEBOJIOPO/IbI, apOMAaTHYECKUE YIIIEBOIOPO/bI, IEYb
MUPOITN3a, ra30(ppaKOHNPOBaHUE, KOKCOOOpa30BaHUE.

ITuponu3 siBisIETCSI OJHUM M3 OCHOBHBIX HPOLECCOB NPU MOJYyYEHUH
HU3KOMOJIEKYJIIPHBIX 0JIe(YUHOB, MPEUMYIIICCTBEHHO STHIICHA, SBIISTFOIIUXCS
LEHHBIM CHIPhEM JUISI CHHTE3a BOKHEWIHX HEPTEXHMMUYCCKHX MPOIYKTOB.
CripbeBasi 6a3a MUPOITH3a MOKET MCHSATHCS OT MOIYTHBIX Ta30B JIO Ta30is
n paxe ceipod HedTu. [IpenHasHauaBIIMiiCS BHAYaAle JIUIIb IS
IIPOM3BOJCTBA 3TUJIEHA, 3TOT IPOLECC B HACTOSIIEE BPEMs SIBIISIETCS TAKKE
KPYITHOTOHHA)XHBIM IIOCTaBIIMKOM TIPOIMIIEHa, OyTaaneHa, OeH3oma u
napyrux npoaykro T'OCT P 70708-2023.
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B mpOMBIIUIEHHBIX — YCIOBHAX THMPOJIN3  OCYIIECTBISICTCS —IpH
JaBJICHUAX, ONM3KUM K arMoc(epHOMY WIJIM HECKOJBKO IPEBBIMIAIONINX
atMocdepHoe, W TpH Temmeparypax nopsaka 1000-1150 K. B rakmx
YCIIOBUSIX PEaKIMU Pa3IoKeHHs yIIIeBOJ0POIOB IPOTEKAIOT B Ta30BOi (aze
B (hopMe cBOOOTHBIX paJUKajIOB.

CBoOomHBICE pamuKadbl MOTYT OOpa3oBBIBATHCA B  IpoIeccax
TEPMHUUYECKOTO PA3I0KEHHUS M3 MOJIEKYJ HCXOJHOTO YTJICBOJOPOJA, JaIlle
Bcero 1pH paspbie cBs3u C-C, HarpuMep, IpH IMHPOIH3E ITAHA!

C,H, - 2CH,

[Ipaktnyecku pa3peiBoM cBs3u C-H B KadecTBe MEpBHYHOTO aKTa
MIPOJIN3a MOXHO TpeHeOpeub. DHeprus paspbiBa cBsizedd C-C m C-H B
MOJIEKyJlaX ajKaHOB HE OJMHAaKOBa JUII BCEX OJHOPOTHBIX CBs3CH u
HECKOJIbKO W3MCHSCTCA B 3aBHCHMOCTH OT CTPOCHHUS MOJICKYIBI U
MOJIOXKCHUA B HEW CBsA3W. B MoOJeKyJax amkaHOB, a TaKWe >Ke CBS3U B
MIOJIOKCHUN Yepe3 OJHY OT ABOHHOHN (CONpSDKCHHE CBS3W, WX CBS3HU B [3-
MIOJIOKEHUH) CUJIBHO OCJIa0JIeHBI M0 CPAaBHEHUIO C TaKHUMH XK€ CBS3SIMU B
MOJIEKYJIe allkaHoB [2].

Paaukansi MOTYT 00pa30BBIBATHCS HE TOJIBKO npu
MOHOMOJICKYJISIPHBIX, HO M  [OpU  OUMOJCKYJSPHBIX  PEAKIHSIX
JUCTIPONIOPIIMOHUPOBAHUS JTHOO K3 MOJICKYJ ajlKaHOB M OJICHHUHOB B
peaxIusix, 0OPaTHBIX AUCIPONOPIIHOHUPOBAHUIO, HAIPUMED:

2C,H, - C,H, + C,H,
C,H,+C,H, »2C,H,

UeM HIDKE TeMIlepaTypa M BBIIIE JaBICHHE B PEAKIIMOHHOI cucteme,
TEM BBIIIIE COOTHOIICHHE CKOPOCTEH OM- M1 MOHOMOJIEKYJISIPHOTO MapIIpyTOB
oOpazoBaHust ~ paaukaioB. [Ipm  HEKOTOPBIX  yclOBHAX  (HM3Kas
TemIepaTypa) oOpa3oBaHME paJUKajoB 10 OMMOJICKYJSIDHOM peakiuu
MIPOXOJIUT ¢ OOJIBIIEH CKOPOCTBIO, YEM 10 MOHOMOJIEKYJIIPHOMY ITPOIIECCY.

CooTHomieHue sHepruil paspeiBa pazauunbix cBazed C-C u C-H B
MOJIEKYyJIaX pearupyroliux yrieBoA0pOI0B ONpenenseT CKOPOCTh peaKuil
palvKaoB 10 TeM HJIM MHBIM HallpaBJEeHHsM, KOJIMUYECTBO 00pa3yroNIuXcs
Pa3IMYHBIX PAIUKAIOB U B HTOTE COCTAB MIPOIYKTOB PEAKIIUH.

XuMI3M IyTH KOKCOOOpa3oBaHUS HanOojee parfoHaIBHO MOTYT
OBbITH OOBSACHEHBI HA OCHOBE MPECTABICHHH O PA3TMIHBIX KOKCOOOPa3yIOMIIX
CHCTeMax U JJake B pa3HbIX TOUKaxX OJHOH cuctemsl [3]. Takum obOpa3zom, B
Ipomecce MUPOJHM33a, B KadyecTBE MOOOYHOTO MPOAYKTa, IOIydacTCs
3HAQUUTEIBHOE KOJIMYECTBO apOMAaTUYECKUX YTIIEBOAOPOJOB, KOTOpHIE
COCTABIISIFOT OCHOBY CMOJIBI uposu3a. ClieoBaTeabHO, MPOLECC MUPOSIN3a
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B HACTOALICC BpEMsA  ABJIACTCA BOCTpeGOBaHHLIM MIPOU3BOACTBOM,
066CHe‘H/IBaIOHII/IM CbIpbEM MHOTI'HC He(l)TeXI/IMI/I’{eCKI/Ie TIPONCCCHI.

Jlutepatypa

1. TOCT P 70708-2023 «IIponykTsl muposausHsle xunkue. Cmona
MUPOJIHM3Has Jerkas. TeXHHUecKHue yCIOBUs».

2. Jlebemee H.H. TexHomormss OCHOBHOTO OPTaHHUYECKOTO U
HedTexmMudeckoro cuaTe3a. M.: Xumus, 1988.
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KOHTPOJIb KAYECTBA IMHKA XJIOPUJA JIJIA
MMPOU3BOJACTBA HHCYJIMHA

Luaka X7I0pHI SBISIETCS OJHHAM M3 COCTABISIOMIAX KOMIIOHCHTOB B
MPOM3BOJICTBE  JICKAPCTBCHHBIX MperapaToB uWHcynmHA. g ero
WCTIONB30BaHUS B TMPOM3BOJCTBE WHCYJIHHA, HEOOXOAWMO IPOBOJHTH
KOHTPOJbh KadecTBa. B maHHOW cCTaThe pAcCMOTPEH KAaueCTBEHHBIA U
KOJIMYIECTBEHHBIH aHAITN3 [[MHKa XJIopua [2].

KadecTBeHHBII aHAIN3 [IMHKA XJIOPHAA IIPOBOIMIICS B COOTBETCTBUH C
meronukoi EBpomeiickoit ¢apmakonen [3]. B pesynbrare mnpoBeneHus
KaueCTBEHHOI peakuuud Ha IOJUIMHHOCTh IMHK-HOHA 0Opa3oBacs
XJIOIIbEBUHBIN OCaJOK.

ZnCl; + 2NaOH = Zn(OH).| + 2NaCl
Zn(OH)zi + 2NaOH = 2H,0 + Na,ZnO,
NaxZn0O,+Na>S+2H>0 = ZnS | +4NaOH

IIpu mpoBeaeHUHM KauyeCTBEHHOW peaklLud Ha MOJIMHHOCTb XJIOPUA-
MOHa 00pa3yeTcst TBOPOXKUCTHIN OBl 0ca oK.

ZnCl, + AgNO3 = Zn(N03)2 + AgCl|

PesynbraToM ompeneneHus aMMuaka (aMMOHUS) SIBISCTCS JKENTBHIA
I[BET B HCITBITYEMOM pacTBOpe He 0ojiee MHTEHCUBHBIN, €M B CTAHIAPTHOM
pacTBope.

NH4Cl+ 2K2[Hgl4] +4KOH — [ngONHz]Il +7KI +KCl1 +3H,0

PesynbraToM naHHOW peakiuy SIBISIETCS BBIMAJCHHE OCAIKa WU
MOSBIICHHE JKEITOTO OKPANTHBAHUSA, KOTOPOE HE TOJDKHO OBITH HHTCHCHBHEE
OKpalIMBaHUs CTaHAApTHOTrO pactBopa. PeaktuB Heccnepa B mienodyHoi
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cpene oOpazyeT ¢ MOHAMU aMMOHHS OCJIOK, YTO SIBJISICTCS CHEHU(PUYHOM
peakiueil IMEHHO Ha MOHBI aMMOHus [1].

PesyneraTom onpeneneHuss Cyiab(aToB SBISETCS  ONAIECIECHIMS
HCTBITYEMOTO pacTBOpa HE MHTEHCHBHEE OMNAJIECIEHLIUU 3TaJIOHHOTO
pacTBopa.

S04%+ BaCl, — BaSO4| + 2CI

[Ipu npoBeeHNH Ka4eCTBEHHOH PeakIny Ha OTpeeIeHHue aTFOMHHUS,
KaJbIMsA, >Kelle3a, MarHus oOpasyercs Oenblii ocagok u OecrBeTHas
HA/I0CaI0YHAsT KHUIKOCTb.

ZnCl, + 4NH3K0Hu—> [Zn(NH3)4]CI2
30H+ AlF*— AI(OH)3| 20H+ Mg%— Mg(OH).|
20H+ Fe**— Fe(OH)| 30H+ Fe¥*— Fe(OH)3|
Na;HPO, + Ca?* — CaHPO,| + 2Na*
Fe?* + 2NazS — FeS,| + 4Na*

IIpu B3auMOnEHCTBUM METAUIOB C KOHIIEHTPUPOBAHHBIM PacTBOPOM
aMMHaka o0Opa3ylTCs OCaJKH, MPEACTaBIAIONUEe €000 THUAPOKCHIBI
METaJlIOB.

Jyii  KOJMMYECTBEHHOT'O aHajHW3a WCIONB30BAIA TPSIMOU  METOJ
KOMILIEKCOMETPUIECKOTO TUTPOBAHUS. KommiekcoHomMeTpryeckoe
TUTPOBAaHWE OCHOBAaHO Ha OOpa30BaHWM TPOYHBIX  KOMIDIEKCHBIX
COCMTUHCHUH MEXIy aHaJUTOM W CHCHHANGHBIMA pearecHTaMu -
KOMILUIEKCOHAMH. Huaka XJIOPUJ o0pazyet KOMILIIEKCHI c
STWICHIUAMHUHTETpaykcycHo  kuciororn (BATA), dYTo mO3BOJSIET
OTIPENIEINTE €T0 cojep:kaHue. [y mpoBeneHNs KOJTHYECTBEHHOTO aHalIN3a
Ob11 ipuroToBiieH TUTpaHT — 0,1M pactBop D/ITA.

Ilepen Tem Kak HPOBOAMTH KOJUYECTBEHHBIM aHAIN3, HEOOXOIMMO
MPOBECTH  CTAaHAAPTHU3ALMIO  PAcTBOPa, YCTAaHOBHUTh  IONPABOYHBIN
kod¢pdunment. Jlas 3TOro mpoBenM MPOOONOATOTOBKY TIO METOIHKE
EBporeiickoii papmakomnen [3].

Lens [MaHHOTO WCHBITAHUS - TOATBEPXKACHUE KOPPEKTHOCTHU
KOHLEHTpALlMM MOJIy4YEeHHOTO pacTBOpa W €ro MPUTOAHOCTH s
WCTIOJB30BaHUS B JABHEHITNX UCTIBITAHUSIX.

Jyis  TONMy4YeHHs TOIMPAaBOYHOTO  KOA(GQUIMEHTa WCIIOJB30BAN
pa30aBICHHBIH pacTBop THIIPOKCUIA HATpUS u pacTBop
XJIOPUCTOBOJOPOHOM KHCIOTHL. TUTpOBaHHE IPOBOIIIIOCH A0 TOCTHIKEHUS
TOYKH 3KBUBAJIEHTHOCTH, KOTOPAasi OMPeAEIsIach TP HOMOIITH WHANKATOpA.

Ha ocHOBaHMM MOJIy4eHHBIX TaHHBIX OBUT pacCUMTaH MOMPABOYHBIN
k03 dunment mo Gopmyite (tabi. 1):

K m(Zn)
TV

M — Macca HaBECKH LIMHKa, T
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T - 0,006538 — xonM4ecTBO LMHKA, COOTBETCTBYIONIEE | MII pacTBOpa
0,1 M Hatpus suerara, r/mi;

V — o0wvem TuTpoBanHoro 0,1 M pactBopa HaTpusl >xaerara, IO
KOTOPOMY yCTaHaBIIUBAETCS THTP, MJL.

1 M1 0,1 M pacTBOpa HaTpus 37eTaTa SKBUBajeHTeH 6,538 mr Zn.

W3 monydeHHBIX 3Ha4YeHHWH paccuutamm cpemaee. KoadoummeHnt
JIOJDKEH HaXOOHUThCs B mpenenax ot 0,98 no 1,02.

Jarnee paccuntany npakTHIeCKAH TUTP 1O (hopMmyIie:

Typ = Trgop * Kep

Tabmnuna 1. Pe3ynbraThl 0 ycTaHOBKE MOMPAaBOYHOTO K03 hULMeHTa

0,1 MBATA
T
Hagecka Obren Koadpunmenr P .
Ne TUTpPAHTA, 0 MIPaKTUICCKUN
IIMHKA, T nonpasku, %
M (Tmp), Mmonp/n
1 0,1206 18,31 1,0074
2 0,1200 18,20 1,0090
! ! ! 0,0137
3 0,1205 18,30 1,0071
Cp.3Hay - 1,0078

ITo pe3ynbraTaM HCHBITAHHS OBUIO MOMYYEHO 3HAUYEHHE ITOTIPABOYHOTO
ko3¢ ¢unuenrta pasHoe 1,0078, uto coorBeTcTBYeT HOpMaM EBpormeiickoii
tapmakonien.  JlaHHOe  3HayeHHe  TMOMNpaBoyHOro  Ko3dduimenra
YUUTBIBAETCS IIPH PacyeTe NPAKTHYECKOro THTPA.

KonmdecTBeHHOE omnpezaesieHne IPOBOAMIOCh METOIOM TUTPOBAHUS C
HCTIONB30BaHUEM  pa30aBICHHOW  yKCYCHOW  KHCIOTBI M CMECH
KCHJICHOJIOBOTO OPaHXXEBOTO M IeKcaMeTWIeHTeTpaMnHa B xoxe aHammsa
ObUTM TOJyYeHB! pe3yJibTaThl 0 TPEM IOBTOPHOCTSIM M PAacCUMTAHO
coJiepkaHue IMHKA XJIOpUAa B MPOLEHTax 1o ¢popmyiie (Tadi. 2):

x =220 100
m

V- ob0veM pacTBOpa HaTpus 3JeTaTa, HW3PACXOJOBAaHHBIM Ha
TUTPOBAHUE, MIT;

M - Macca HaBECKU IIUHKA XJIOpKJa, T,

Trp - Macca TiuHKA XJopuaa, coorBercTBytomas 1 ma 0,1 M pactBopa
HaTpus 3JeTaTa ¢ y4eToM Ko PHUIMEeHTa ONPABKH, I'/MJL.

1 mn 0,1 M pacTBOpa HaTpus 3AeTaTa COOTBETCTBYET 13,63 MI IIUHKA
xsopuaa ZnCly.

Tabmuua 2. Pe3ynbTaThl KOJIMYECTBEHHOTO ONpPEIEICHUS COAEpKaHUs
IIMHKa XJIOpUIa
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No Hasecka O0bem 0,1M | KosmuecTBeHHOE Cpennee
- ZnCl,, T OATA, M ompezesnenue, % | 3HadeHue, %
1 0,2530 18,40 99,90
2 0,2526 18,35 99,79 99,84
3 0,2511 18,25 99,84

Takum o00pazoM, IMOJy4EHHBIH pe3yJbTaT MacCOBOH JOJNW IMHKa
xsopuaa (99,84%) cooTBeTCTBYET yCTaHOBICHHBIM HopMmaM EBpomneiickoi
¢dapmakonien [3]. Mccnenyemblii LMHKAa XJIOPHI SIBISETCS YHCTHIM
BEIIECTBOM C BBICOKMM HPOLEHTHBIM cojepxaHueM. KoiaudecTBeHHbII
aHANM3 IMHKA XJIOPHAAa METOJOM THTPOBAHUS OOCCIICUYHBACT BBICOKYIO
TOYHOCTb M HAJEKHOCTH PE3YNIbTAaTOB, YTO JEJaeT ero He3aMEHHMBIM
HHCTPYMEHTOM KOHTPOJIS Ka4yeCTBa 3TOr0 COSIUHCHUSL.
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HNCCIEJOBAHUE MUHEPAJIBHOI'O HCTOYHUKA KYPT'A3AK
HA TEPPUTOPUU 3AKA3SHUKA SSHI'AH-TAY
B CATABATCKOM PAHOHE BAIIIKOPTOCTAHA

MuHepanbHble UICTOYHUKH SIBJISAIOTCS LIEHHBIM TIPHUPOIHBIM PECYPCOM,
KOTOPBIH MOXKET OBbITh NCIIOJIL30BaH /IS JICUCHHS PA3IIMYHBIX 3a00JIeBaHNI
WIN YKpeIUIeHHsl 370poBbs. lcciienoBaHne MHHEPAIBHOTO HCTOYHUKA
Kyprasak Ha Tepputopuu 3akasHuka SlHran-Tay uMeer Ooiblioe 3HaUCHHE
JUISL MEAMIIMHCKOW ¥ HAy4YHOW IPAKTHKH, TOCKOJIbKY HO3BOJIMT OLIEHUTD €T0
MIOTEHLMAJ U ONPEJICIIUTh BO3MOXKHBIE CIIOCOOBI €ro MCIoib30BaHus. Takke
JAHHOE HCCIEIOBAaHWE BAXXHO C TOYKM 3PEHHS COXPAHCHUS NPHUPOABI U
pecypcoB 3akasHuKa SHraH-Tay, MOCKOIbKY IO3BOJIHT pa3paboTaTh
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PEKOMEHAAIMN 1O 3KOJOIMYECKOMY MHCIOJb30BAHUIO MHUHEPAIbHOIO
UCTOYHUKA B TaHHOM PETHOHE.

OTt0o0p mpo6 Bomsl mpoBommwinck B cootBercTBUuM ¢ [[OCT P 59024-
2020. Boga. O6mue TpeboBanus k 0TOOpY Mpoo.

YrtoObl B35TH 00pa3lbl BOJBL, IOJTOTABIUBAIOT YHCTYI EMKOCTBH
00BéMoM 1 muTp, KOTOpas comeprkaja MUTHEBYIO HETa3HPOBAHHYIO BOAY.
Ilepen 3amonHeHMEM EMKOCTH BOJOM B MCCIEAYEMOM TOUKE €€ IPOMBIBAIOT
TOH XK€ BOZIOH, KOoTOpas OyneT aHaTM3UpOBaThCA. BYTBIIKY HOTpYKaroT B
BOAy IMOJIHOCThIO, Ha 10-15 caHTuMeTpoB HuUXe mOBepxHOCTH. [lanee,
HAJIMBAIOT BOAY B EMKOCTH JO CaMOTO TOPIBIIIKA, YTOOBI HCKIIOYUTH
MOMAJaHNue BO3IyXa, W IUIOTHO 3aKpy4HMBAIOT MPOOKy. 3areM EMKOCTh
OTIIPABIISIOT C COOTBETCTBYIOIICH MapKHUPOBKOW B JabopaTopuro bupckoro
¢unmuana YYHuT «JlabopaTopus 3KOJIOTMYECKOr0 MOHHTOPUHra (PU3HMKO-
XMMHMYECKUX  3arpsi3HEHUR  OKpyXKalolled cpeisl» Uil aHanu3a
TMUIPOXUMHUYECKHUX U OPTaHOJICNTUYECKUX IIOKA3aTENICH.

OpFaHOHeHTH‘IeCKI/Iﬁ AaHaJIU3 BOABI ITIO3BOJIICT OLICHUTH €€ Ka4€CTBO U
YUCTOTY Ha OCHOBE YYBCTBCHHBIX BOCHpHHTI/Iﬁ yenoBeka. OH BKIIOYAET B
ce0s OLIeHKY LBETHOCTH, MPO3PAaYHOCTH, MyTHOCTH, 3allaxa M BKyca BOJEIL.
[IpoBeneHNEe OPraHOJNETTHUYESCKOTO aHATH3a TO3BOJISIECT BBHISBHTH HAIMYHE
MEXaHWYECKUX TpHMecei, OpraHWMYecKHMX 3arps3HEHUH, a Takke
XUMHYECKHX BEIIECTB, KOTOPBIE MOTYT BIUATH HA BKYC, 3allaX U IIBET BOJBL.
B pesynpraTe aHamm3za MOXHO CIENATh BBIBOJ O MPHUTOJHOCTH BOJBI JUIS
MUTHS, UCTIOJIB30BaHUS B OBITY HIIM IPOMBIIUIEHHOCTH [1].

PesynbTaThl  OpPraHOJENTHYECKHUX  TIOKa3aTeNell  HMcCiIeqoBaHUsS
IpejcTaBIeHbI B Tabmwme 1.

Tabnuna 1 — Pe3ynpTaThl OpraHoNeNnTHYECKUX UCCIIEeI0BAHUI BOIBI
MUHEpanbHOro ucrounuka Kyprasak Ha Teppuropuu 3akasHuka SJHran-Tay
B CanaBaTckoM paiioHe

OKa3aTellb Bkycn My
Temneparypa,
3amax | npuBk | LIBeTHOCTH | THO o
C
OObekT yc CTb
Merounink 0 0 | Becuserna | 05 0,6
Kyprazaxk
HopmaTussl He
IAK (6asmmsr) 2 23 20 15 HOpMHpYETCS

Amnanu3 Ha60paT0pHLIX I/ICCJ'IC,HOBaHI/Iﬁ CBUACTCIILCTBYCT, YTO Ka4€CTBO
BOJAbl B POJAHHMKC IO OPTaHOJCHTHYCCKHUM IIOKa3aTCIsAM CTa0UIBHO U

185



COOTBETCTBYET HOpMaM. [ HHJIOCTHBIC MPOIIECCHI, «3aIIBETAHUE)», 3aTYXaHUE
BOJILI HE HAOIIOMAETCH.

T'uapoxuMuUecKuil aHATU3 TTO3BOJIACT OIICHUTHh Ka4eCTBO BOJBI U €&
MIPUTOTHOCTB JIJIsl pa3HBIX 1enel [2]. Jlanee mpuBeIcHbI pe3yIbTaThl aHATN3a
uctounuka Kyprazak, emuHHIEI H3MEpeHHs TMoOkasaTeneit B mr/am®. B
cko0Okax orMmedeHo 3Hauenue IIJIK. Conepsanue Mn < 0,001 (0,1), Pb?* <
0,001 (0,01), Cd <0,0002 (0,001), Zn?** < 0,001 (5), Fe 0,68 (0,3), NH*
0,4 (2,0), K*< 1.2, Na* 13,3 (200), Ca®** 152,2, Mg?* 25 (50). Pe3ybTarsl
M3MEpPEeHHH MAacCOBBIX KOHIICHTpPAIii KaTHOHOB METAJUIOB B BOJE
MMOKA3BIBAIOT, YTO H3YYCHHBIE OO0pa3lsl HMMEIOT 3HAYUTEIHHO HH3KOE
CoIepKAHUE TKENBIX METAJUIOB, He Jocturaromue 3Hadenuin 1K mo
nopmam CanlluH.

Takum 00pa3oM, W3 HCCICIOBaHUS CIEAYeT, YTO BCE IOKA3aTeln
cootBeTcTBYIOT HOpMaM [1/IK, ogHako 11 oOecrieueHuss 0€30MaCHOCTH U
KayecTBa BOJBl PEKOMEHIYETCS MPOAOJDKATH MOHHUTOPHHI COCTOSIHHUS
BOJIHBIX PECYPCOB U CBOCBPEMCHHO IMPUHUMATh MEPHI 110 YCTPAHCHUIO
BO3MOJKHBIX ITPOOJIEM.
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BJIMAHUE TIOMEHCKOI'O HE®@TEIIEPEPABATBIBAIOIIEI'O
3ABOJIA HA 9KOJIOI'HYECKOE COCTOSHHUE
OKPYKAIOIIEM CPEJIbI

OYHKIIMOHUPOBAHKUE TPOMBIIUICHHOCTH KaK HEOOXOJMMOE YCIIOBHE
CYIICCTBOBAaHHE COBPEMCHHON NHMBIIIM3AalN HEW30€KHO HAHOCHT YyIIEpO
OKpYJKaromiei cpese. 3arps3HeHne MPUPOTHON Cpeabl HEBO3MOXKHO CBECTH K
HYJII0, HO MOXHO MUHHUMAJIN3UPOBATH, 3TO ABJIACTCA O}]HOﬁ U3 OCHOBHBIX U
Hambosiee aKTyaJbHBIX 3a/ad4 COBPEMEHHOW JKOJOTHH. BaXHBIM IyTeM
MPEOyNpeXACHUST  HETaTHBHOTO  BIUSHHUS  NPOMBINUICHHOCTH  HA
OKpPY)KaIOIIyI0 CpEedy SBIETCS TIIOCTOSHHBIA KOHTPOJb COOTBETCTBHUS
9KOJIOTHYECKOTO COCTOSIHUS OKPYIKAIOIIeH cpelbl HOpMaTHBaM KadecTBa.
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HedrenepepabarpiBatomasi ~ NPOMBIIUIEHHOCTh — BBIOpachiBaeT B
OKpYXKalomIyro cpeay a0 250 xumudeckux Bemiects, B ToM uwmcie | u |l
kiaccoB onacHoctH. HedrenepepabarriBatomuii 3aBox otHocutes K | kitacey
ONAaCHOCTH, CaHWTapHO-3amuTHas 30Ha (nanee C33) cocraBimser 1000 m
BOKpYT oObekTa [2].

OOBEKTOM HAIIEr0 HCCICIOBAHUS SBIACTCS NPHPOIHAS cpega B
OKPECTHOCTSAX TEOMEHCKOTO HedTrernepepadaThIBaroIero 3aBoa, MPEAMETOM
HCCIIEZIOBAaHMSA - OKOJOTHYECKOE COCTOSHHE HpPHUPOAHON cpexabl. lLlens
paboThl: HM3y4YCHHE BIHSHHAC TIOMEHCKOTO HedTenepepadaThIBAOIIECTO
3aB0JIa Ha HKOJIOTHYECKOE COCTOSTHHUE OKpPY Karomen cpeasl. B coorBeTcTBHN
C menplo OBIIM TIOCTABIEHBI 3ajadd: 1) MCCIEAOBaHUE HATMYMS
HeTenpoayKToOB; 2) HMCClieOBaHHE HAIWYMS ONACHBIX BPEIHBIX BEIICCTB
(denon, OeHzom, STHIOEH30)); 3) HCCICAOBAHHE HAIUYHMS TKCIBIX
MeTaJyIoB (KaJIMUU, CBUHEI], ME/Ib).

Hccnenyemble Mokas3aTeqd BbIOMpAIMCh KaK IPUOPUTETHBIC IS
HedTenepepabdaThBarOIUX npennpuatuii cormacHo Caunllun 1.2.3684-21
[3]. [ns ycTtaHOBIEHHUS HaJIM4Hs BPEIHBIX BEIIECTB B BHIOpOCAX 3aBOJA B
(deBpane 2024 roga HaMu OBUTH OTOOPAHBI POOBI CHETA METOJIOM KOHBEPTA
Ha paccrostuud 500 M, 100 m u 1500 M ot mpennpusarus. 3areM Bojaa
uccieoBaach B JIAOOPaTOPUM 3KOJIOTMYECKOTO MOHHUTOPHHra (DU3UKO-
XMUMHYECKUX 3arpsi3HEHWI OKpyskaromed cpensl bupckoro ¢uimana
YVYHuT. IlonydyeHHble AaHHBIE CpPaBHUBAIM C NPEIEIBHO JOIMYCTUMBIMU
koHuenTparusamu (nanee I1JIK) mo Canllun 1.2.3685-21 [1]. ITomydeHnHsle
JIaHHBIC TIPEJICTaBJICHBI B Ta0MIe 1.

Tabmuma 1
Pe3ynbratsl ucciaegoBaHui
Ne IToxa3aTemnn, ell. K Pe3ynbTarel uccienoBaHuit
H3MeEp. [poba 1 IIpo6a | IIpobGa
(500 m) 2 3
(2000 (1500
M) M)
1 | HedrenpoaykTsl mr/am3 0,3 3,02 1,15 >0,1
2 | ®enon mr/am3 0,001 >0,001
3 | Benson Mr/mom3 0,001 >0,001
4 | Drunbenson mr/mv® | 0,002 3922 [ 3381 | o041
5 | Kagmuit mr/mv3 | 0,001 >0,0001
6 | Ceunen mr/am® 0,01 0,017 >0,002 | >0,002
7 | Menp mr/am3 0,1 0,0330 0, 19 0,004

Kak Buano u3 tabmumel 1, comepxanue (eHoya, OeH30Ma U KaaMHs
Haxomutcst B pamkax I1JIK, xoHmeHtparus He(TENpOayKTOB M CBHHIIA
MPEeBBIIIIACT HOPMATUB TOJNBKO B mpenemax C33, a BOT ToOKazaTesd
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COJIepyKaHUsl ITHIOEH301a ¥ MEJIU MPEBBINIAIOT HOPMY JIaKe HA TPAHMIIE
C33, uTO SBJSETCS HAPYIIEHHEM YCTAHOBJECHHBIX HOPMATHBOB Ka4yeCTBa
OKpY’Karomiei cpe/ibl.

Jlutepartypa

1. Canllun 1.2.3685-21 «I'urnennyeckne TpeOOBaHUs 1 HOPMATUBBI K
obecnieueHn0o W (Wiam) OE3BPETHOCTH ISl 4YeloBeKa (PaKTOpOB Cpensl
0OUTAHHSD. - https://ds278-krasnoyarsk-r04.gosweb.gosuslugi.ru/
netcat_files/19/8/SP123685_21_0.pdf ([ara obpamierust 14.04.2024).

2. Canllun 2.2.1/2.1.11200-03 «CaHuTapHO-3aIllIUTHBIC 30HBI |
CaHWTapHas KiIacCHQUKAIMsA NPENNPHUSITHH, COOPYXKEHHH W  HHBIX

00wvekTOB», -  https://docs.cntd.ru/document/902065388/titles/65401N?
ysclid=lv1zpa7564735606037 (ara obpamienus 14.04.2024).
3. Caullun 2.1.3684-21 «CaHUTapHO-AMUIEMHOIOTHIECKUE

TpeOOBaHHUS K COJICPIKAHUIO TEPPUTOPHIA TOPOJCKUX U CEIBCKUX MOCEICHHUH,
K BOJHBIM OOBEKTaM, MHUTHCBOW BOAE M MHTHEBOMY BOJOCHAOKCHHIO,
aTMOC(epHOMY BO3IYXY, MOYBAM, KUIBIM MMOMEIICHHAM, SKCILTyaTaAI[MN
MPOU3BOACTBEHHBIX,  OOMIECTBEHHBIX  MOMCUICHHH, OpraHMU3aldd U
[POBEICHUIO CaHUTAPHO-IIPOTUBOIIIHAEMUOIOT HIECKHX
(npodunakrtuueckux) — Mepompustuii».  https://docs.cntd.ru/document/
573536177?ysclid=lv1zafkslw252907924 (lata oopamenust 14.04.2024).

Jloii JI.C., Onuna C.A.
b® YVYHuT, r. bupck, Pb

Onuna C. A., K.X.H., doyeHm
k_luda_s19071993@mail.ru

XUMHWYECKHA COCTAB STHJIAIETATHOT'O DKCTPAKTA
BASSIA HYSSOPIFOLIA (PALL.) KUNTZE

BrmmonHeHne paboTel 0asupyercs, Kak Ha KIACCHYCCKHX, TaK U Ha
COBPEMCHHBIX METO/JaX OHOOPTraHWYECKOH XUMHH, 3aKIIOYAIONINXCSI B
9KCIPECC-aHAIN3Ee PACTHTENBHBIX 00BEKTOB Ha cojiepxkanne bAB meTomamu
XpoMmarorpaduu, SKCTPAKIUH TEPCIEKTHBHBIX PACTUTEIBHBIX OOBEKTOB,
pa3pa60TKe CXeM BBIJICIICHUS WHAUBUIYAJIbHBIX KOMIIOHCHTOB C
HCIIOJIb30BAHUEM METOIOB KOJOHOYHON XpOMaTOrpaduH.

MeToasb! cciieioBaHusI

PactutenbHoe ChIpbe ObUTO coOpano cormacao I'OCT 24027.0-80
«CrIpbe nekapcTBeHHOE pacTuTesbHoe» [3]. [IpaBuina nmpueMKd U METOIbI
oT6opa pod». Coop criphs mpoBoamics B KocraHaiickoit obmactu BOIM3H
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o3epa KymmypyH B centsope 2021 r. B cyxyto noroay. Cylky ocyIecTBHUIN
BO3JIyLIIHO-TEHEBBIM CIIOCOOOM 10 BO3JIYLIHO-CYXOT'O COCTOSIHHS CBIpbsi. B
KauecTBe O0ObEKTa M3Y4eHHsI MCIOJIb30BaHA OSTWAleTaTaHas (pakuus
ceiporo skctpakTa Bassia hyssopifolia (Pall.).

Hccneayemoe chipbe OBLTO U3METBUCHO C MMOMOIIBI0 MEBHUIIBI 10 1-2
MM. | Kr W3MEIBUCHHOTO CBIPbs OJKcTparupoBamn 70%-HbBIM BOJIHO-
alleTOHOBBIM pacTBopoM 1:3 npu Temneparype okono 20-25° C B Teuenue 24
4acoB. OKCTPAKLHUIO MOCTOPSUIM TPWXKIBL. 3aTeM BOAHO-AIlCTOHOBBIC
9KCTPAKTHI 00bEANHIUIN ¥ KOHIEHTPUPOBAJIH JI0 TIOJIHOTO yAJICHHS CITUPTA.
[Tomy4eHHBIH T'yCTOW SKCTpakT MOABEPIIM (PPaKIMOHHOMY pa3IeICHHIO
6eH30710M, XJIOpOGOPMOM, 3THIALNETaTOM M OyTaHonoMm. M3 mosrydeHHBIX
9KCTPAKTOB YJAJMIM PACTBOPUTEIb B MSTKHUX YCJIOBHAX C MPUMEHEHHEM
POTAIIMOHHOTO HCHAPUTENS.

Pe3yabTaThl COOCTBEHHBIX HCCTeT0BAHMIA

KoumnvecTBenHnlii ananu3z BAB

VYcraHOBIEHO , YTO ITHIAlCTAaTHBIH 3kcTpakT Bassia hyssopifolia
conepxut 4021+0,019 mr/100 r nyomnbHbIX BemecTs, 319,340,003 mr/100 ¢
VTIICBOIOB B IiepecueTe Ha TIToKo3y, 4150+0,0048 mr/100 r monmcaxapuaos,
4,473+0,003 mr/100 T xkymapuroB, 21524+0,0027 mr/100 r ¢raBoHOHIOB B
nepecdere Ha pyTHH, 6822+0,695 Mr/100 r cBOOOAHBIX OPTaHHMYECKUX
kucinoT, 7321+£0,0002 mr/100 T (heHOTBHBIX COCAWHEHWH B TepecueTe Ha
TaJUIOBYIO KHCJIOTY, & TAK)Ke CIIEIbl TPUTEPIIEHOBBIX CAllOHWHOB.

PesyabTaTtel pa3nesnenus u Bbiaesennss BAB meTonamu
KOJIOHOYHOM XpomaTorpaguu

JlaHHBIM METO10M OBLITH BBIZCNIEHBI 3 UUCTHIX BEIECTB U TP (Ppakiuy.
Paznenenue BemecTB KOHTposmpoBasn MerogoM TCX

Dpaxiuro 3 YAaJI0Ch pa3aenuTh MOCTIE Ty FOIIIM
XpomarorpadupoBaHHEM C ITIOEHTaMU OEH30JI-aIleTOH W T'eKCaH-alleTOH U
BBIJICTIUTH B PE3YJIbTAaTE 2 YUCTHIX BEIECTBA.

B pesynprare xpomarorpaduueckoro pasmeneHus >STHIALEeTaTHOMN
BBITSDKKH Bassia hyssopifolia (Pall.) Kuntze O6puti Beinenens! ¢epysoBast
KUCJIOTa, KyMapoBasi KHCIIOTa, TaJUIOBas KHCJIOTA, M-THAPOKCHOEH30MHas
KUCJIOTa, BAaHWIMHOBAs KHCIIOTA, KOTOpbIE OBIIM HACHTH(UIIMPOBAHEI
METOJIOM OJIHOMepHO#l OymaxHoi xpomarorpadun (bX) B cpaBHeHuH c
JIOCTOBEPHBIMH 00pa3IaMu.

Hdns uneHtudukanuu — BBIACICHHBIX — BEIIECTB  ONPEACITHIN
TEMIepaTypbl  IUIABJICHHS;  OCYIIECTBMJIM  KadeCTBEHHBIH  aHAIN3
MUKpOMETOZOM M OymaxkHOW Xpomartorpaduei, mnposemu TCX ¢
JIOCTOBEPHBIMHU 00pa3iaMu CBHIETENEH (T.€. MACHTU(UKAINIO C METIHMKAMH
00pasioB), CHATHI Y D-CIIEKTPHI.

BriBoabl.
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BrnepBeie  Obl1  M3yueH (UTOXMMHYECKHM COCTaB ATHIJIALICTATHOU
¢pakiuu sxcTpakTa Bassia hyssopifolia (Pall.) Kuntze npouspacraromuii B
CeBepHom Kazaxcrane. OmnpenesieHbl KOJWYECTBEHHBIE —IOKa3aTeH
coJiepkaHusl (PEHOJIBHBIX COEITUHEHHH, CBOOOTHBIX OPraHMYECKUX KHCIIOT,
(h1aBOHOMI0B, TyOWIIBHBIX BELIECTB, MOJINCAXapHUJIOB, YIICBOIOB.

Jukopacrymiee pactenue-ranogur Bassia hyssopifolia (Pall.) Kuntze,
npouspacraromuii Ha Teppuropun CeBepHoro Kasaxcrana mpexcraBiser
LIEHHOE ChIpbe i onyueHus: bAB.

Jlutepartypa
1. 10. JI. Tyces, CemeiictBo amapantoBbie (Amaranthaceae).
[DnexTponHEbI pecype] /
URL:http://plantlife.ru/books/item/f00/s00/z0000028/st135
2. FivehookBassiahyssopifolia Poisoning in Horses
.[Dnexrponusliipecypc] 1 URL:

http://www.horsedvm.com/poisonous/bassia/

3. T'OCT 24027.0-80. Cripbe ekapcTBEHHOE pacTuTenbHOE. [IpaBmia
IpUEeMKH M MeToAsl orOopa npoO. JlaTa akTyanu3alUd ONHCAaHUS
01.01.2021r. — 5c.

Munmapanosa A.®@., Xanurtosa J[.®., MaTseeBa A. 10.
b® YVYHuT, r.bupck, Pb

Mameeesa A.1O., k.6.1., doyenm
alevt.matveeva@yandex.ru

®OPMHUPOBAHUE BUOJIOTMYECKHUX ITOHATHUI B
HIKOJIBHOM KYPCE BUOJIOT'UHN

300510THs SBISAETCS COCTABHOM YacThiO OMOJIOTHH, N3YYalOIIeH )KUBYIO
npuposty. JKuBble OpraHu3MBl 110 CBOEH CTPYKType HECPaBHEHHO CIIOKHEE
00BEKTOB HEXXHUBOW MPHUPOJIBI, COOTBETCTBEHHO 3TOMY M OHOJIOTHS TOpa3io
ciokHee GU3MKH 1 XUMHH. Bee JKMBbIe OpraHi3Mbl OTHOCSTCS K HECKOJIBKAM
napcraM. JKMBOTHOE LIApCTBO — 3TO YacTh JKMBOTO MHPA, IPEICTABUTEIN
KOTOpPOH XapaKTepU3yIOTCSI TeTePOTPO(HBIM IUTAHUEM M TIOJIBIKHOCTEIO.
Ha HepBBIﬁ B3I, pasiinyua MEXIY PAaCTCHUAMHA U ) KUBOTHBIMU HACTOJIBKO
OYEBHIHBI, YTO HE TpeOyloT 0o0oCHOBaHMH. B HEHCTBUTENBHOCTH €110
00CTOUT CIIOXKHEE, M IPUBEICHHOE BHIIIE ONIPEIEICHNE JKHBOTHOTO [IapCTBA
HY>KIaeTcsl B JOTIOJTHEHHUAX TTAaBHBIM 00pa3oM W3-3a psfa MCKIIOYEHHH U
morpaHuyYHbIX  cioydaeB. baromkuit  C.B. "3oomormsa": cyxaeHue
3anHTEepecoBaHHOTO // bruomorus B mkone. 2006, Nel.
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3agaun 300JI0TMH BecbMa pa3HooOpa3Hel. C OAHOW CTOPOHBI, 3TO
W3y4YECHUE CTPOCHUs (BHEIIHETO M BHYTPEHHEro) M (YHKIMOHUPOBAHUS
JKUBOTHBIX OPTaHU3MOB, UX MHAMBUIYAIbHOIO PAa3BUTHUS, UX CHCTEMAaTHUKH,
reorpa)Mueckoro  paclnpocTpaHeHus, ¢  JApPyroid  --  u3ydeHHe
B3aMMOOTHOIIEHUH JKUBOTHBIX C APYTHMMH OpPraHHM3MaMH, B TOM YHUCIE C
JIPYTAMH XKUBOTHBIMH, BBIABICHHE 3aBUCHMOCTH J>KUBOTHBIX OT YCIIOBHH
cpensl OOMTaHUS, U3yUeHHE NCTOPUIECKOTO PA3BUTHS PAa3IUYHBIX TPYIIT U
T. A Tak kak cpeaW >KMBOTHBIX HEMajo BHUIOB, IPSAMO WM KOCBEHHO
HCIIONIB3YEMBIX YEIIOBEKOM, a TaK)Ke BpeAWTENeH KyJIbTYPHBIX PACTCHHN U
MEPEHOCYNKOB PA3IMYHBIX 3a00JCBaHWH, 300JIOTHS HHTEpecyercs |
MPaKTHYeCKUM 3HAYCHHWEM JKHUBOTHBIX, a TMOJNYYCHHBIE B pe3yibTare
300JIOTHUECKUX HCCIECIOBAHUIN TaHHbIE IIUPOKO MIPUMEHSIOTCS B CEIBCKOM
U JICCHOM XO3s1iicTBe, ppIO0OBO/ICTBE, MEAUIIMHE U BETEPHHAPUH.

Pa3zHoOOpa3ue >KMBOTHOTO MHpa 3€MHOrO Ilapa, PasHOCTOPOHHOCTH
3aJa4 U MHOrooOpaszue METOJOB HCCIICJOBAHUS NMPUBEIU K BBIICICHUIO
MHOT'HX CaMOCTOSITEIbHBIX 300I0THYECKUX TUCIUILINH.

B HexoTOphIX yueOHBIX TeMax Kypca 300JIOTHH IPEeIyCMOTPEHO
WCTIONB30BaHUE W3 JPYTUX VYYEeOHBIX NPEAMETOB TOIBKO OTHEIbHBIX
ceepenuit! Tak, ¢ KypcoM MaTeMaTHKd V Kllacca CBS3b OCYIIECTBIIACTCS
JUIIE B Tporiecce GOpMUPOBAHHS M PA3BUTHS MOHATHIA O CHMMETPHUH Telle
JKUBOTHBIX (HCIIONB3YIOTCS 3HAHWS yYaIUXCsS O ICHTPAIbHOH W OCeBOU
cummerpun). M3 xypca ¢msukm VI kiacca Ha ypokax 300JIOTHH
UCIIOJNIb3YETCs; B OCHOBHOM Matepuall 0 Auddy3uu B IKHUIKOCTSIX, JaBJICHUH
JKUJIKOCTH M Ta30B, pblyare, Temonepenade. IIperycMOTpeH HEKOTOPHIN
Mmatepuan u u3 Kypca xummun. Hambosiee monHbIe CBS3M IMIKOJBHBIA KypC
300JI0THH UMeeT ¢ Kypcamu IIpuponoBenenus u reorpaduu.

O3HaKOMJIEHHE C MOJUTIOCKaMHM IIeJIeCOO00pa3HO HayaTh C BBIACHEHHS
3HaHWHA ydamuxcst 00 3TOH Tpymme >KUBOTHBIX. Hampumep, Ha ypoke o
M3YYEHUIO NIPE/ICTaBUTENIEH Kilacca OPIOXOHOTMX MOYKHO HAIIOMHHUTD, YTO Ha
ypoKkax npupojoBesieHns B IV kiacce OHM M3ydaiy )KUBOTHBIX - oOuTaTesne
NPECHBIX BOJIOEMOB, CpEIH KOTOPBIX OBUIM M MOJUIIOCKH, a 3aTeM
MPEJIOKUTh HA3BaTh U3BECTHBIX UM MOJUIIOCKOB M PaccKas3aTh BCE, YTO OHU
MOMHAT O HHUX: B KaKMX BOJOEMaX BCTPEUYArOTCs, KAKOBBI OCOOEHHOCTH HX
CTPOEHUS, KAKOBO 3HAYEHUE PAKOBUHBI, KAK MEPEIBUTAIOTCS 9TH MOJUIIOCKH,
KaK pearupyiloT Ha BHEIIHHWE BO3JCHCTBUS, YeM M KaK IHUTAIOTCA, KaK
MIEPEeKUBAIOT HEOIAronpusITHBIE yciaoBus xku3Hu. Kamuuaosa I'.C. YueOHUK
Omostoruu: coctostHUE U pobaemsl // buonorus B mkone. 2006, Nel. B xome
Oecepl yUnTeIh YTOYHACT M PACIIUpPSACT 3HAHHUS YYalIuxcst 00 3Toil rpymme
JKUBOTHBIX. [IpH 3TOM MOXXHO HPEAJIOKHUTH YYAIIUMCS CaMUM OOBSCHUTB,
MoyeMy TNPYIOBUK WM KaTYIIKa JIETKO MOTYT IEepXKaThCs y MOBEPXHOCTH
BOJbI. 113 mpeaniecTByIOmUX Kypcy 300JOTMH HMPEAMETOB U OCOOCHHO M3
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KypcOB HPHUPOJOBEICHHsI 2-3 KJIAacCOB Yy4YallWecs IOJy4aloT IOBOJILHO
HIMPOKYI0 MH(POPMAIHIO O YWICHUCTOHOTHX XXMBOTHBIX. [loaTOMY Ha iepBomM
ypoke 1o teme «Tun Unenucronorue. BHemrHee crpoenue U o0pas jKU3HU
PEYHOTO0 pakay enecoodpa3Ho MIPOBECTH BBOJHYIO Oecey, B X0Jie KOTOpon
NPEATIOKUTh LIKOJIBHUKAM Ha3BaTh HM3BECTHBIX MM HACEKOMBIX, MayKOB,
PaKOB, paccKa3aTh 00 MX CTPOCHHUH. V13 MIICKOTIUTAIOIINX APYTHUX OTPSAIOB B
Kypcax NpHUPOJOBENCHHUA M Treorpaduu KpaTKO XapaKTEePU3YIOTCS WU
TOJNBKO YIOMHHAIOTCSI CYCJIHKH, CypKH, TIOJIEBBIC MBIIIN, HYyTPHH,
muHImUa (oTpsaa ['peI3yHBI), 3alllbl, KpoKu (OTpsn 3aireoOpasHbie),
KabaH, KHCTEyXas CBHHbBS, OEreMOT, aHTHJIONBI, OJIaropomHBIN OJICHB,
ceBepHBII oJieHb kapuOy (otpsnm IlapHOKOmWBITHBIC), 3eOpa (OTPsA
HenapHoKonbITHBIE), LIIaKal, TIECELl, Jeonap/, Tenap, Aryap, cod0oiib, AuKas
cobaka AMHTO U Jp. (OTpsiA XUIHBIE), MOPCKHUE KOTUKU, MOPCKHE CIIOHBI,
MOpCKHUeE Jieonapibl, KUTHI (0Tpsiabl JlactoHOrHe n KuroobpasHsle), ropuiuia,
mMMIan3e, MapTeIuky (oTpsn [Ipumater). 3amada yunuTens BOCCTaHOBUTH B
MaMATH Y4Yalluxcsl IOJyYeHHble paHee 3HaHHMsA 00 OSTHX J>KUBOTHBIX,
CHUCTEeMaTH3UPOBaTh MX M O0OTATHTh HOBBIMHU CBeAeHHAMU» CrenaTb 3TO
MOXKHO CJICAYIOIIMM 00pa3oM: pacCMOTPETh OAHOTO M3 TPEICTAaBUTENECH
N3y4aeMoro OTpsja, a 3aTeM IPeAJIOKUTh Ha3BaTh CXOAHBIX C HAM H
3HAKOMBIX 13 KypCOB IIPUPOAOBENCHUS M Teorpaguu >KUBOTHBIX,
BCIIOMHHUTB/ B CBSI3U C YEM STH )KMBOTHBIC B HUX YHOMHHAINCH, YCTAHOBUTD
MIPU3HAKH CXOJICTBA C YK€ U3YUCHHBIM MPEACTABUTEIIEM.

Jlurepartypa

1. Bapanos, C.I1. CymHocTh mpoiecca o0y4eHus: yueOHoe mocobue
s cryaentos / C.I1. bapanos. - M.: IIpoceemenue, 2006. - 143 c.

2. buonorus XusotHsle: YueOHUK U1 7 - 8 KJIACCOB CPEHEN IIKOJIBI
/ nox pen. M.A. Kosnogsa. - M.: IIpocsemienue, 2007.-256 c.

3. buonorus: boybIoii CpaBOYHUK IS IKOJIHHUKOB U MIOCTYTIAIONINX
B BY3m1 / A.C. Baryes, M.A. I'yiienkoBa, A.I'. EneneBckuit u np. - M.:
Hpoda, 2009. - 668 c.

4. baromkuit C.B. "3oonorus": cyxJcHHE 3aWHTEPECOBAHHOTO //
buonorus B mkoie. 2006, Nel.

5. MarBeeBa A.JO. TexHOJIOTMH CUTYallMOHHOTO MOJAEIUPOBAHUS U
TEXHOJIOTUH OOpabOTKH JUCKYCCHOHHBIX BOIPOCOB Ha ypOKaX OHOJIOTHH
/VIHHOBaIlMOHHBIE TEXHOJIOTHH B MPEMOJAaBAHUY JUCIUILIINH €CTECTBEHHO-
Hay4HOT'O LIMKJIA B 1IKoJe 1 By3e. - V111 Mexa. HITIK-bupck, 2022.-C.62-67
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b® YVYHuT, r. bupck, Pb
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natasha240400@gmail.com

OMNPEJIEJJEHUE KHHEMATHYECKOM BA3KOCTH HE®TH
AYHJIOPCKOI'O MECTOPOXKJIEHUA

AnHotanus. Ompeneneane (QHU3NKO-XUMHUECKUX —XapaKTEPUCTHK
HE(TH WUTpacT OYCHb BAXKHYIO POJb. B 3aBHCHMOCTH OT 3Tama paboTHI C
HE(PTHIO BA3KOCTh MOYKET 3HAYUTEIHHO MEHATHCS, YTO JOIKHO OBITh YUTCHO
NPU JANbHEHIINX Mpolieccax nepepadoTku HeTu. B craThe mpeacTaBieHb
Pe3yNbTaThl ONpeeNieHUs KHHEMAaTHYeCKO# Bs3kocTH HeTH SlyHiIopckoro
MecTopoxaeHusi CypryTckoro paioHa XaHThl-MaHCHUHCKOTO aBTOHOMHOT'O
okpyra TroMeHCKoH 00macTH.

KaioueBbie ciioBa: He(Th, INIOTHOCTD, TEMIIEPATYPa, KHHEMATHIECKasT
BA3KOCTb.

HedTp sBIsieTCS MAaCISHHUCTOH TOPIOYEH IKUIKOCTBIO IPHPOTHOTO
npoucxoxaeHus. OHa COCTOUT W3 CI0KHOM CMECH YTIIEBOIOPOJIOB C pa3HOU
MOJIEKYJISIPHON Maccol U HEKOTOPBIX APYIHX KOMIIOHEHTOB [3].

Bs3kocTe — BaKHeWIIee TEXHOIIOTHYECKOE CBOMCTBO Hedrw,
OTIpeNIeIAoNIee e MOIBUKHOCTD B TIACTOBBIX YCIOBHAX JUIS JOOBIYU WA
NP TPAHCIIOPTUPOBKE 110 MarkMCTPaIbHBIM HEPTEIPOBOIAM.

Bsi3K0CTh — XapakTepu3yeT CHIly TpeHHs (BHYTpPEHHEe COMPOTHUBICHUE
JKUJIKOCTH €€ TBI)KEHUIO ), BOSHUKAIOIIYIO MEX/Ty IBYMsI CMEKHBIMH CIIOSIMU
BHYTPH JKMIKOCTH Ha €IUHMIy [IOBEPXHOCTH IIPH UX B3aUMHOM
MepeMeIeHNH. BS3KOCTh JKHIKOCTH TPOSABISAETCS TOJNBKO TpH €&
nepememnieHun. [1].

BennuuHa BA3KOCTU 3aBUCUT OT HPUPOABI KUAKOCTH, T.€. OT €€
XUMHYECKOTO CTPOEHHUSI U MOJIEKYJIIPHOTO Beca.

Jnst ompenenieHnst BSI3KOCTH HE(PTH M HEPTENPOJYKTOB CYIIECTBYET
Goutbioe YHCIIO pa3HoOOpa3HbIX pudopos, Ha3bIBAIOLIUXCS
BUCKO3uMeTpamMu. 1o CBOMM OCOOEHHOCTSIM BHCKO3MMETPBI JENATCS Ha
CIeMyIONINe  THIBI:  CTEKISHHBIM  KamWUIIPHBIH,  POTAIlIOHHBIH,
MasSTHAKOBBIN, BUCKO3HMETP C B3aUMHO CMETIAIOIINMHUCS IIIHHIPAMH HITU
IUTACTHHKAMH (OCHOBAaHHBIM Ha TPHHIMUIE CAYBAaHUSI TOHKOTO CJOS
XKHUJIKOCTH ), BACKO3UMETP C MaIAIONTUM IapuKoMm [4].

HawnbGonee pacnpocTpaH€HHBIN Croco0 oOmnpeneNieHus] BSI3KOCTH — C
MOMOIIBI0 CTEKIITHHOTO KaNWUIIPHOTO BHUCKO3MMETpa. [laHHBIA MeTon
ompeneneHuss TpedyeT Majoro KOJIMYEeCTBA JKUAKOCTH, OTJINYAETCS
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IIPOCTOTOM U JAEUICBU3HOM. JIaHHBIM TUI BUCKO3MMETpa OIPEACIACT
KHHEMaTHYECKYIO BA3KOCTh He(TH 1 HEPTENPOLYKTOB.

Ha Bsi3koCcTh HEe()TH BIMSIOT: TEMIIEpaTypa, JaBJCHUE, KOJIMYECTBO
pPacTBOPEHHOTO ras3a, COJIEp)KaHHWE M COCTOSHHE ac(albTO-CMOJIUCTBIX
BEIECTB, CTPYKTYpPHO-TPYNIOBOW COCTaB, IOJSIPHOCTh KOMIIOHEHTOB,
MOJIEKYJISIPHAsI Macca YIIeBOI0pPOIOB.

Temneparypa BaxXHBIN (aKTOp, OT KOTOPOTO 3aBUCHUT BA3KOCTh HE(PTH.
3HaveHne BA3KOCTH 0€3 yKa3aHUs TEMIEpaTyphl HE HMEET CMBICTA, TaK KaK
B Pa3HBIX TOYKAaX TEMIEPATypHBIX 3HAYCHUI BA3KOCTH COBEPIICHHO
pasznmyHa. YeM Hipke TeMIiepatypa, TeM BBILIE BA3KOCTb, U Hao0opoT [3].

OmnpeneneHue BS3KOCTH TPOBOAWTCS C MOMOIIBIO KaNMUIIPHOTO
BUCKO3UMETpa, 3aKJIOYaeTcsi B  HM3MEPEHHHM BPEMEHHM  HCTEUCHUS
OIIPEETICHHOT0 00beMa UCTIBITYeMOro HeTH M3 Kanuuisapa MoJ| BIUSHUEM
CHJIBI TSKECTH.

OObekTOM  HcclenoBaHus — ciyxkuia — HepTh  SlyHIopckoro
MecTopoxkaeHus: CypryTckoro paiioHa XaHThl-MaHCHHCKOTO aBTOHOMHOTO
okpyra TromeHnckodl oGmactu. Jlis anamu3a Oblia B3siTa mpoda HE(TH C
CKBaXMHBI. DKCIepUMEHT mnpoBommwin B cootBerctBuu ['OCT 33-2016
«Hedtp m HedrenmpomykThl. Ilpo3pauHble M HENPO3pavyHBIC KHUIKOCTH.
OmnpeneneHre KHHEMaTHYeCKOW M JAMHAMHYECKOH  Bs3KocTH»  [2].
Pe3ynbraThl Hccnei0BaHus IPUBEICHBI B TabIHLE 1.

Tabmuna 1 - Pe3ynbTaThl onpesieieHns KHHEMaTHYeCKON BA3KOCTH
Hedru Synnopckoro MectopoxxaeHust CypryTckoro paiona
Kunemarnudeckas BA3KOCTh
HedyTu, Mm%/c
SlyHIOpCKOE MECTOPOKIICHHE 51

Ha3Banue MecTOpoxaeHUS

3KCHepI/IMeHT IokasaJj, 4YTO wucciaeayemas HC(l)TB OTHOCHUTCA K
MaJIOBA3KHUM.

Jlurepartypa

1. Bypuwmb T.A., 3akc 10.b. Xumus HedTH, ra3a u IacToBBIX BOI:
yueOHHK 17151 HeTSHBIX TEXHUKYMOB. — M.: Henpa, 1975.

2. TOCT 33-2016 «Hedts u nedrenpomykrsl. Ilpo3paunbie u
HEeTpOo3pavHble )KUAKOCTH. OTpeneneHne KHHEMaTHIeCKON i THHAMHYIECKON
BSI3KOCTH.

3. Ps6os B.JI. Xumus Hedtr u raza. — M.: Hayka, 2004

4, ®ykc I'\. Bsa3zkocTh W IIACTHYHOCTH HE(PTEMPOIYKTOB. — M.;
WxeBck: MHCTUTYT KOMIIBIOTEPHBIX HcciaenoBanuii, 2003.
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CPABHUMTEJIbHBIN AHAJIN3 XJIOTNILEB
MOJMITUJNEHTEPE®TAJIATA POCCUMCKHUX .
MMPOU3BOJIUTEJEN HA COJAEP)KAHUE NPUMECEN

Hommtunentepedpranar (IIOTD)sBngercs omamMm w3 Hamboiee
pacnpoCTpaHEHHbBIX M HCIOIb3YEMbIX YITAKOBOUYHBIX MAaTEpHalOB B MHPE U
COCTaB/IET 3HAYUTENbHYI0 YacTh OTXOJOB B okeaHax. OjHaxo,
ucnonb3oBaHHbIe [IDTD-0yThIIKY HENb3d CUUTATh OTXOJAMH, TaK KaK OHU
MOJIeXKAT BTOPUUHOM mepepadoTke. [lomuaTuneHtepedTasaT MOKET OBITh
Harper W npeoOpa3oBaH B pasiW4Hble (OPMBI, YTO JENAET €ro YUCTHIM,
0e30MacHbIM ¥ yIOOHBIM JJIsl yIAKOBKH. B oTiiMuMe OT CTeKia U altOMUHHS,
[I9T® umeer HU3KHH TeMIEpaTypHBI PEKUM IUIABJICHHS, YTO O0Jier4aeT
€ero mepepaboTKy H JeiacT ee 0oiree SKOJIOruaHOM[ 3].

B paGore npoBesieH cpaBHUTEIBHBIA aHAIN3 CO/IEPKaHUs IIpUMeEcei B
obpasmax [I9T® maru Poccuiickux mMpou3BOIUTEICH.

K Bo3moxxHBIM IprMecsM [13T® oTHOCAT cremyromue: NoaHoIehuHbI,
nomuBuHIWIXOpuA ([IBX), kimel, opeBecwHa, MeTall, TKaHb, PE3UHA,
cTexsio, Oymara u kaMmeHb.lloaTOMy BakKHOW SIBIIETCS OYMCTKA XJIOTBEB
I[I3T® ot mocTopoHHHX NpHuMece M IBeTHbIX XjombeB [IOTD [1]. B
Tabmumax 1 wm 2 mpenacraBieHsl pe3ynabTarTel aHanmu3a [IOTD matm
Poccuiickux nmpou3BoaUTENIEiHA COEPIKAHUE PA3INYHBIX IPUMECEH.

Tabmuna -1. PesympraTtel anamm3a o6pasnoB xsombeB [I9T® Ha
conepkanne nonuonedpuHos, [IBX, kies, HakIeek, MeTaia.

O6pazen Honnggﬁbm{m, TBX, ppm Kei, ppm HaI;J";%ZKH, Me;;:[;[bl,
Hopma 50,0 130,0 1000,0 OtcyTcTBHE 25,0
Ob6pasers 1 menee 3,0 77,0 1241,3 menee 1,5 menee 1,5
Obpaszer 2 menee 3,0 15,0 1820,0 menee 1,5 7.8
Obpaszer 3 menee 3,0 423 3135 menee 1,5 menee 1,5
Ob6pazen 4 menee 3,0 10,3 672,0 menee 1,5 menee 1,5
Oobpasern 5 menee 3,0 34,8 1106,5 menee 1,5 menee 1,5
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Tabmuua -2. Pesynprarel aHamuza o0Opas3uoB xionbeB [1DTO nHa
cojepxaHne OyMmard, JepeBa, IIOKEJITEBIIMX YaCTHL, HEOPraHUKH U
MEXaHUYECKUX TPUMECEH.

CopnepxaHue
Bymara, HEOPraHUYeCKUX Hanuune mex
[MoxenreBune o o
Oopasen JIepeBo, npumecei npumecei
YACTHIIBI, pPpm
ppm (KaMHU,BOJIOKHO), ppm | (IUIEHKA), ppm
2*2MM
Hopma 300,0 2500,0 10,0 OtcyTtcTBUE
Oo6paser 1 menee 1,5 75,3 6,0 menee 1,5
Oo6paser 2 3,0 175,8 menee 1,5 menee 1,5
Oo6paszern 3 menee 1,5 1097,5 9,8 menee 1,5
O6pazen 4 | wmenee 1,5 menee 1,5 18,0 menee 1,5
O6pazen 5 | wmenee 1,5 menee 1,5 9,5 menee 1,5

[lo pe3ynpraTam aHAIM3aBUIHO, YTO B KaXKJJOM 00pa3Iie MPUCYTCTBYIOT
[BX u kneit. Coaep:kaHre HEOPTaHMYESCKHUX MIPUMecei 00HapyKEHO BO BCEX
oOpasuax, kpome Broporo. OcCTanbHble HPUMECH OTCYTCTBYIOT WIIU
00OHapy KeHbI B HEKOTOPBIX 00pa3nax.

Vcxona w3 aHanm3a TEKyNIETO COCTOSHHS pPBIHKA IepepaboTaHHBIX
[IOT®-xnonbeB U coxpaHeHHsI CTAOMIBHOTO PACTYIIETO CIpoca Ha 3TOT
TOBap, a TaKKe YYHUTHIBAasg YIy4IlIeHHEe KadecTBa MNPOIYKLIHH, MOXKHO
MIPEIOI0KNATE TPOJOJDKEHHE pocTa O0beMa pHIHKA B JIOJITOCPOYHON
nepcriekTiBe. Poccuiickoe BHyTpeHHEe NPOW3BOJCTBO IEpepabOTaHHBIX
[IOTd-xs0nbEB MOKAa3bIBAET MOJOXKUTENBHYI0 IWHAMUKY, YTO CBSI3aHO C
YBEIMYHBAIOIIMMCS IOTpeOIeHHEM B 3Toil cdepe[2].

Jlurepartypa

1. Omur M.H. CoBepIIeHCTBOBaHHE TEXHOJOTHYECKOTO IIPOIecca
MexaHndeckod nepepadotku 19T ¢ruekchl Ui yMEeHbIIEHUS NPUMECH B
TOTOBOW MPOAYKIMH: AWC. ... KaHI. XuM. Hayk: 18.04.01. TonpsarTa., 2021.
79 c.

2. CuraukoBa H. A.Pemox BropuuHbix IIDT-xnonbes// TBO:
Teepasie ObiToBBIE 0TXO0BI. MockBa. 2023. C. 58-62.

3. Recyclingofpetbottles [DaekTponHsIii pecypc]. — Pexum gocryma:
https://www.compactor-runi.com/recycling-guides/recycling-pet-bottles,
cBOOOIHBIN. — (maTa obparienus: 29.01.2024).
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BUIOBOI COCTAB 3EMHOBO/IHBIX PECITYBJIMKA
BAIIKOPTOCTAH

Pecny6nmka bamkoprocran pacnonoxena Ha FOxxnom Ypane. JlaHHBIN
peruoH o0agaeT YHUKAIbHBIM penbedoM, CHenuprIecKnM KINMAaTOM U
YHUKaJIbHBIMH TPUPOJHBIMH oOBekTamu. Ha Tepputopun bamknpnu
3aperucTpupoBaHo 11 BHUIOB 3eMHOBOJHBIX, 3 W3 KOTOPBIX 3aHECEHBI B
Kpacuyto kuury PB [1].

O.B. MypaznoB nan xapakTepucTHKy ampuOuil moiimbl pekn Cum.
Hawnbonee pacnpocTpaHEHHBIMH BHAaMH OKa3ajHCh JIATYIIKA O3epHas
(Pelophylax ridibundus) u nsrymka octpomopzaas (Rana arvalis). Ongnako
JSTYIIKa OCTPOMOpJAas MeHee BCTpedaeMblid obutarens. Taroke Obuia
3aperectpupoBaHa cepast xabda (Bufo bufo).

B skcnepnmuax BamyeBa B.A. u 3aropckoit B.B. Obuti oTMEueHBI
NYHKTBl HaXOXKICHHs TpaBsiHOM Jsrywky (Rana temporaria) B lyBaHckoM
paifioHe W cepoil xabel B MumkuHCOM paiione. Ilo3xke ObUIO
3aperecTpMpOBaHO CEMb TOYEK OOMTaHMs MEpPEYNCICHHBIX BBINIE BHIOB
3€MHOBOJIHBIX B OKPECTHOCTSIX ropoaa Y ¢da.

Tabauna 1. Pactipoctpanenne ampubuii 3uaHaypckoro paiioHa
Pecny6sinku bamkoprocran

Bun amdubwmii BerpedaemMocTh

Jlarymika o3zepHas ITo Bceit TeppuTOopuU (OKPECTHOCTH CEIl
(Pelophylax Ucsiarynoso, TpyumHo, HukHsist AxGepaa,
ridibundus) A63aHOBO)
Jlsarymka OxpectHocTH cen A63aHoBo, FOnasi6aeso
ocTpomopaast (mofimeHHBIN JTyT BOMM3M p. Cariask)

(Rana arvalis)
Jlsrymka TpaBsiHast OxpectHocTH cen A63aHoBo, FOnapi0aeBo
(Rana temporaria) (Bonb Gepera p. Acenb, Carurasik)
XKaba 3enenas ITo Bce TeppuTopuu (OKPECTHOCTH Cell
(Pseudepidalea HUcsurynoso, KOnasi6aeso, TpymuHo,
viridis) A0351HOBO)

l'abutoBa wu IOmarynoBa jganu ommcaHue OHOpa3sHOOOpa3us
36MHOBOJHBIX Ha TeppUTOpHM 3HaHUypckoro paiiona Pb, xoropsie
npuBeAcHbI B Tabnuie 1 [2].
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Ha teppuropun Pb omHuM M3 yacto BcTpedaeMbIX BHIOB SIBISETCS
obbikHOBeHHas yecHouHunIa (Pelobates fuscus L), kotopas pacnpoctpaHeHa
no Bceil pecrmybiamke. Ha Teppuropum cena ACKHHO Oblla HMCCiIElOBaHA
TIOMYJIALMS YECHOYHUIBI OOBIKHOBEHHOW. OOIIas IUIOTHOCTH MOIYJISIIIAN
YECHOYHHUII, HAXO/SIIUXCS HA OBEPXHOCTH SKCIEPHUMEHTAIBHBIX YUaCTKOB
cocrasuia 0,00025 B pacuere Ha 1 M2,

B xpacuyro kxuury PecmyOnmkm bamkoprocTtaH 3aHeceHO TpH BHIA
3eMHOBOIHBIX. ['pebenuarsiii Tpuron (Triturus cristatus) Bcrpeaercs B
Baiimakckom, benoperkom, bupckom, bnarosemenckom, VYdumckom
paiionax. Tpassuas Jmsarymka (Rana temporaria) Obuta  oTMedeHa
3anoBenHuke «lllymeran-Tam», B HamumonansHoM mapke «bamkupus»; B
ApxanrenbckoM, baiimakckom, benmopernkom, bupckom, J{ropTroauHCKOM,
Sunaupckom, HWraunckoMm, KpacHoxkamckom, Y@uUMCKOM, Y4YalHHCKOM,
YekmaryneBckoM, YHIIMUHCKOM palioHax. Takyke B OKPECTHOCTSIX TOPOJOB
Yba, Bupck, benopenk, Crepauramak, Hedrekamck. [Ipynosas nsaryiika
(Rana esculenta) 8 Pb usy4yeHa HeIOCTATOYHO, BHI B pPasHble TOIBI OBLT
BCTPEUYEH B AJBIIIEeBCKOM, Bbenopenxom, JIFOPTIOIMHCKOM,
Kpacnokamckom, KytoprasunckoMm, HypumanoBckom paiionax. Ilo
TEPPUTOPUH PECITYOIMKH NPOXOJUT BOCTOYHASI TPAHUNA PACTIPOCTPAHEHHUS
storo Buma [3]. XKaba cepas (Bufo bufo) peaxo BcTpeuaemsiii Bum. B
Bupckom paiione ocobu 3TOr0 BHAAa OBUIM 3aMEUYEHBI HAMH B aBryCTE U
cenrsope 2023 rona.

Takum 00pa3oM, BHJIOBOW COCTaB M Y4YeT UUCICHHOCTH JXHBOTHBIX,
MIO3BOJISIET KOHTPOJIMPOBATh COCTOSHUE arpoIieHO30B U pa3pabaThIBaTh
9KOJIOTHYECKUE PEKOMEHIAIINH.

Jlutepartypa

1. I'pubanoB C.A. JlatunoB [[.W., l{udpoBuzanus u nomynspuzanus
9KOJIOTMYECKOro Typu3ma B PecryOimke bamrkoprocran myteM CoO3JaHust
Beb-caiita « 9KOBAIIKOPTOCTAHy//3konorus v npupo1onoib30BaHue:
NIPUKJIJHBIE ACTIEKTBHI: MaTE€pPHANIbl HAYYHO-TIPAKTHUECKON KOH(EPEHIUH.
Ya: U3nat-Bo BI'TIY, 2023. C. 76-77.

2. 3apunoBa O,0, Dazymun AWM., Ikonoro-dayHucTHIECKas
xapakrepuctuka ampuouii Peciybnmkn bamkoprocran// Camapcekas Jlyka:
POOJIEMBI pETHOHATBHOM 1 TTI00anbHOM 3kooruu. 2015, Ned. C 171-172.

3. Kpacuas kaura PecmyGiinku Bamkoprocran / Anexcees B.H [u ap.].
Wznar-Bo Uudopekiama. Ya. 2014. C. 76-80.
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HOPMATHUBHO-TPABOBOE PETYJIMPOBAHHUE
JAEATEJIBHOCTH B OBJIACTH OBECHHEYEHUSI KAYECTBA
U BE3OITACHOCTH NUIIEBBIX ITPOAYKTOB

AXTyallbHOCTH PETYJIMPOBAHMUS ITUIIEBOTO MPEANPUATHS HEOCIOpUMa,
TaK KaK Ka4Y€CTBO IMUIIEBBIX MPOAYKTOB B MNEPBYIO OYCPCAb BJIMACT Ha
3/I0pOBbE yesioBeKa. PerynupoBanue B 3Toi cdepe Ha NPSMYIO HO3BOJISIET
KOHTPOJIMPOBATh MPOLECC MPOU3BOACTBA, U 00ECIEYUTh KaYECTBEHHYIO U
6e3omacHyto JUId HOTpeOJIeHHsT MPOAYKIHIO, KOTOpasi B CBOIO Ouepeqh He
OyneT yrpo30ii st 310pOBbs MOTPEOUTENEH.

IInmeBoe NpOU3BOACTBO PEryJUPYETCsl Pa3iIMYHBIMU HOPMAaTUBAMHU,
®enepanpapiMu 3akoHaMu 1 ['OCTamu.

3akoH P® ot 07.02.1992 Ne 2300-1 (pex. ot 04.08.2023) «O 3amture
npaB morpebuteneit». B Hacrosmem 3akone PO ot 07.02.1992 Ne 2300-1
(pen. ot 04.08.2023) «O 3ammuTe MpaB MOTPEOUTENCH» OIMUCHIBACTCS
pEryJIMpOBaHNE OTHOIICHHH, BO3HHMKAIOIIMX MEXIy HOTPEOUTEIsIMH W
HU3IrOTOBHUTCIISIMU, UCIIOJIHUTCIIAMU, HUMIIOPTEpaAMU, poJaBiamu,
BJIajieJIbLIaMH arperaTopos HHGOpMaLuK 0 TOBapax M yclyrax npH npojiaxe
TOBapoB (WM OKa3aHWM YCIYT), YCTaHABIMBaeT MpaBa HoTpeduTeneil Ha
nproOpeTeHre TOBApOB HAAJIEKAIero KadecTBa U 0e30MacHBIX AT JKU3HH,
3/I0pOBBSI, UMYIIECTBA MOTPEOUTENICH M OKPY’KAIOIIEeH Cpeipl, MOIydYeHHe
Hajaexamed wHbopMamuu o ToBapax (ycmyrax wid paboT) m o0 ux
M3TOTOBHTENSX (MCIIOTHUTEISIX WM NPOJIAaBLAX ), O BIaJIEIIbIIaX arperaTopos
nH(OpMaLMK O TOBapax WM YCIyrax, IPOCBEIIECHHE, FOCYAapPCTBEHHYIO U
OOIIECTBEHHYIO 3alUTy WX HHTEPECOB, TaK € OIpeJeNsieT MEXaHH3M
peanu3alnyu 3TUX mpas([2].

®enepanbublil 3ak0H 0T 02.01.2000 Ne 29-03 (pen. ot 13.07.2020) «O
KauecTBeé M  0E30MacHOCTH  MUIIEBBIX  MPOAYKTOB».  Hacrosmmii
®denepanbHbIl 3aKOH PETYJIUPYET OTHOIIEHUS B 0OJIAacTH OpraHu3aliu
IIUTaHUA, oOecrieueHns KauecTBa MMAIIEBBIX MPOAYKTOB U UX 0€30I1aCHOCTH
JUTSL 3JI0POBBS YEJIOBEKA M OYIyILIEro TIOKOJIEHHS B 11eIoM [6].

T'OCT P 50646-2012 - «HammoHanpHbIH cTaHmapT Poccuiickoi
®Denepanuu. Yciayru HaceleHuI0. TepMUHBI U OTIPEACIICHUS» yCTaHABINBAET
TEPMHHBI ¥ ONpPENCICHUS MOHATHH B OOJACTH  CTaHIAPTU3ALMNY,
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MEHEDKMEHTa YCIYT W TOJATBEP)KAEHHS COOTBETCTBHS B Cdepe YCIyr,
OKa3bIBAEMBIX HACEJICHHIO.

Hacrosimuii craHmapT TIJacuT, 4YTO HOTPEOUTENb YyCIyr 35T0 —
¢u3nyeckoe IO, KOTOpOE IMOJydYaeT, 3aKa3blBacT WIIM HaMepeBaeTcCs
TIOJTYYUTh YCIIYTy JUISl INUHBIX, OBITOBBIX MJIM UHBIX LIEJEH, He CBS3aHHBIX C
MIPEIIPUHIMATEIECKON JESTeNbHOCTBIO, a HWCIONHUTENh YCIYT B CBOIO
odepens — 3TO TMPEeNNpHATHE, OPTaHW3alus JHO0O0 >Ke WHIWBUAYaIbHBIN
MIPEeaIPUHIMATENb, KOTOPBIA OKa3bIBAeT, NpeaaracT WIH HamMepeBaeTCs
0KazaTh yCIyTy motpeduteinto [3].

«'OCT 30389-2013. MexrocynapCTBEHHbI CTaHAapT. YCIyTH
oOmecTBeHHOTO THUTaHUA. [lpeAampusaTus oOMIECTBEHHOTO IUTAHUS.
Knaccudukanms u obumme TpeGoBaHus» (BMecte ¢ «MUHHMaIbHBIMU
TpeOOBaHUAMU K TpeanpusaTusM (00beKTam) OOLIECTBEHHOTO MHUTAHUS
Pa3JIMYHBIX THIIOBY») YCTAHABIHMBAEeT 00IIMe TPeOOBAHUS U KITacCU(UKAINIO
npeanpusiTHid  (00BEKTOB) OOIIECTBEHHOTO MMHUTAHHUS PA3JIMYHBIX THIIOB.
Hacrosmuit cranmapt [1] pacnpocTpaHseTcss Ha HpeanpusaTus (0OBEKTHI)
OOIIECTBEHHOTO0 MHUTAaHHUSA IOPUAMYECKUX JIMI U  HHIUBUAYaJIbHBIX
TIpeaIpUHIMATEIICH.

B mannom 'OCTe 30389-2013 mnpuMeHEHBI TEPMUHBI U OTIPEICICHUS
no 'OCT 31985, a takxke cieyroliue TEPMUHBI C COOTBETCTBYIOIIMMHU
OTpeNeeHUsIMHI:  mpeanpuiartue (0OBEKT) OOIIECTBEHHOTO  MUTAHUS
(mpemmpustue  (00bekT) mHTaHUS):  MMyIIecTBEHHBIH  KOMILICKC,
NpeiHa3HAYCHHbBIN Uil TPEIOCTAaBICHUS YCIYyTr OOIIECTBEHHOTO MHUTaHMS,
BKIIOYass TPOW3BOJACTBO TNPOAYKIMH, OOecledeHne yciaoBUM  ams
NOTpeOJIeHUs ¥ NPOJaXH TNPOAYKIHMH, a TaKKe NpeloCTaBICHUE
JIOTIOJIHUTENBHBIX YCIyT IOPUIMYECKHM JIMIAM MM WHAWBUIYaJbHBIM
NpennpUHIMATESIM Kak Ha MECTe, Tak 1o 3akazam[1].

CanurapHo-3nuieMuoiornyeckine mnpasmna u  HopMmbel  CanlluH
2.3/2.4.3590-20  «CaHHMTAapHO-3IIMICMHONIOTHYECKAE  TpeOOBaHHSA K
OpraHu3aly OOIIECTBEHHOTO NMUTAaHUs HaceneHus». Jlanueie CaHuTapHO-
SMHAEMHUOJIOTHYECKHE TIPaBHIIa M HOPMATHUBBI MPEACTABISIIOT cO00i Habop
TpeOOBaHMI, HampaBJEHHBIX Ha o0ecreyeHne 0O€30MacHOCTH U
0€3BpeJHOCTH AJIs YEIOBEKA IIPH BO3MOXKHOM BO31€HCTBUH OMOJIOTHYECKHX,
XMUMHUUYECKHX, (PU3NUECKUX M UHBIX (haKTOpOB OKpyxkatomei cpensl. Ocoboe
BHUMaHHE yJENseTCsl yCJIOBUSIM, CBS3aHHBIM C OKa3aHHWEM YCIYyT B cdepe
0O0IIIECTBEHHOTO MUTAHUS, MOCKOJIbKY HApYyUICHHE STHX TPEOOBAaHUN MOXKET
MPUBECTH K CEPbhE3HBIM IOCIECACTBUSM JJISI 3J0POBbSl M KH3HHU JIIO/IEH, a
TaKxKe CITIOCOOCTBOBATH pacipoCTpaHEHHUIO HH(EKITMOHHBIX u
HeMH(pEKIIMOHHBIX 3a00eBanuii [5].

3akoH Pecrybnmku bamkoproctan ot 1 HOsiOpst 2011 roma Ne 458-3 «O
Mepax HOo 00ecHedeHUI0 KayecTBa O€30IAaCHOCTH IHIIEBLIX NPOAYKTOB B
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Pecriy6iuke Bamkoprocran». IIporpamma PecryGnuku mo obecriedeHuro
KauyecTBa U OE30IIaCHOCTH IMUILEBBIX [TPOIYKTOB HalleJIeHa Ha 3allUTy IpaB
noTpeduTenel u croco0CTBYeT KOHKYPEHTOCIIOCOOHOCTH, WHHOBALIMOHHOM
AKTUBHOCTH M yCTOMUMBOMY Pa3BUTHUIO OpraHU3alUi U NpeanpuHUMaTeneit
B 00JIaCTH NHUILEBBIX NPOJIYKTOB. Ee Iebi0 sBISETCS BHEIPEHHE HOBBIX
TEXHOJIOTHHA YHpaBieHUs BO Bce c(epbl AEATEIBHOCTH, COOTBETCTBHE
MEKAYHApPOIHBIM W HAlWOHAIPHBIM CTAaHAApTaM II0 KadecTBY W
6€301acHOCTH MUIIEBBIX IPOIYKTOB, @ TAKXKE 3aIUTA OKPYKAIOMIEH CPebl
¥ IpOMBIIIICHHass O0e3omacHocTh. OHA Tak)kKe HalpaBleHA HAa yIydIICHHE
YCIIOBUH AJISI TIOBBIMICHUS] KadecTBa W O€30MaCHOCTH ITUIIEBBIX MPOIYKTOB
[4].

PerynupoBaHue nuineBoi IPOMBIIUIEHHOCTH B COBPEMEHHOM MUPE HE
MPOCTO BaXXHO, OHO >XH3HEHHO HeoOxomumo. OT KayecTBa NPOIYKTOB,
KOTOpbIe MBI YIOTpeOiseM, 3aBUCHUT Halle 3J0pOBbe M OJarornoiydue.
KoHTposb 3a MPOM3BOACTBOM IHIMH OOECleUnBacT O€30MacHOCTh U
KauyecTBO MpPOJAYKTOB, 3allIMINACT MNOTpeOUTeNeld OT HeOJaronpUsTHBIX
MOCJIECTBUHA HEJOOPOCOBECTHOM neATeNbHOCTH KommaHuil. Kpome Toro,
PEryJIMpOBaHNE CIOCOOCTBYET CIPaBEIMBON KOHKYpPCHLMHM Ha PBIHKE H
CTHUMYJIMpYeT HWHHOBallMM B cdepe MNpOM3BOACTBA IPOAYKTOB, HUTO B
KOHEYHOM HMTOT€ OJIaronpHsITHO CKa3bIBAETCS HA OOIIECTBEHHOM 3/I0POBBE U
9KOHOMUKE CTpPaHBI.
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MAJIOOTXOJHBIE 1 BE3OTXOJHBIE NPEJANIPUATHUA

OnHOM M3 aKTyaJdbHBIX MPOOJIIEM B COBPEMEHHOM MHpE SIBIISICTCS
MaJIOOTXOAHOE M 0E30TXOJHOE MPOM3BOJICTBO, KOTOPOE MHHHMU3UPYET
3arpsisHEHUsT  OKpyXaromel cpensl. ManmoorxonHoe # - 0€30TX0HOE
IIPOU3BOJICTBO, B KOTOPOM IIOJHOCTBIO HCHOJIB3YIOTCS HE TOJIBKO OCHOBHBIE
CBIPbEBBIE PECYPCHl, HO W TOJIydYaeMbleé OTXOABl.  MaJlOOTXOAHBIM
NpeanpusATHEeM CJIeAyeT CYHMTaTh TaKoe MpeAnpHusTHe, KOTOpoe mpu
NIPOM3BOJICTBE HE TIPEBBHIMIACT YPOBHSA HETaTHMBHOTO BO3ICHCTBHS Ha
OKpYXKAIOLIyl0  Cpely, JOIyCTUMOIOo  JAeHCTBYIOIIMMHU  CAHUTApHO-
TMTHEeHHYecKnMH ~ HopMmamu. [lepepaboTka OTXOJOB NHIIEBOTO U
CENIbCKOXO3SIICTBEHHOTO TPOU3BOJCTBA PAacCMaTPHBAIOTCSI B KadeCTBE
OCHOBHBIX OHOTEXHOJIOTHIA [1].

OTX0oApl TPeIUpUATHI KJIACCH(UIUPYIOTCS KaK HCIOJIb3yeMble H
HEWCTIONIb3yeMble. BylyT i OTXOBI BTOPUYHO HCIOJB30BAHBI, 3aBUCUT OT
MHOTUX (pakTOpoB: 00OpYyINOBaHMS, CBIPBS, KIMMaTHYECKOH 30HBI
MIPOU3BOJICTBA, OPTaHU3AINH [TPOU3BOCTBA, HATMYNS ITOTPEOHUTEIEH.

IIpumep wmanoorxoanoro mnpeampusatus - OO0 «OneokeMUKC»,
OCHOBHOH BHJ JAEATENHHOCTH KOTOPOTO, 3aKIIOYAaeTCs B IPOM3BOICTBE
pancoBoro macina. Panc — neHHas Macnu4yHas M KOpMOBas KyJbTypa, OHa
CITY’KAT UCTOYHHKOM IIHIIEBOTO Maclia ¥ OJHOBPEMEHHO KOPMOBOTO OeIka,
Onarojapst 3TOMY SIBJISICTCS OTJIMYHBIM O€30TXOIHBIM ChIpbeM. IloaTomy
OCTaBIIMECS OTXOABI IPHM MONYyYEHHH PalcoBOrO Macia UAyT Ha
IIPOM3BOJICTBO PAICOBOTO )XMbIXa, KOPMOBOM JOOABKH JUI KPYITHOPOTaTOro
ckota. B cocraB KMbIXa BXOIST BUTAMHHBI M MaKpO3JIEMEHTBI, a TAaKKe
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HUMEETCsI XOPOIIMH COCTaB aMUHOKHCIOT [2]. PamcoBblif KMBIX SBIISIETCS
OTIMYHON TPOTEHMHOBOM IOAKOPMKOM [UI BCEX BO3PACTHBIX TIPYII
KPYIHOPOTaTOro CKOTA.

IlepBBIii 3Tam NpoOU3BOACTBA: pa3rpy3ka 3epHa, oT0op mnpoo,
ouMIleHHe OT mpuMeceil. V3HauambHO pancoBOe 3E€pPHO 3aKyMaeTcss U
MPUHUMAETCs Ha IUIOLIAJKy HACBIIIBIO caMoOcBajlaMM-3epHOBo3aMu. [lanee
MPOBOIUTCS OTOOP MPOO CHIPBS, MIPOBEACHUE aHAIM30B, YTOOBI yCTAHOBUTH
CJIe/TyoLIHe MoKazaTe: MacIuaHocTh (%), BaaxHocTs (%), nporeun (%),
copHocTh (%). Pamc BeITpykaeTcsi Ha HamoJBHBIM CcKian nexa. Jlamee
nepeMeIaeTes TPAaHCIIOPTEPOM B OOJIBINION HAKOMUTEIbHBIN OyHKEp. UTOOBI
MOJTyYUTh Ka4eCTBEHHOE Maciio Oe3 mpuMecel M COXpaHUTh 000py/I0BaHME,
3epHO TIIATENBHO O4YHMIaercsi. byHkep o0OpymOBaH ceTKaMHu-TIPOCEYKaMU
JUI  yIaBIMBAaHUS KPYHMHOTO Mycopa (kKamHeH, apyrux 3epeH). [lms
yJaBIMBAHUS METAJJIOB UMEETCS BCTPOCHHBIN MarHUT.

Temmeparypa Ha ckiaje nexa JomkHa ObITh +15-20 rpagycos C, mpu
HOpMaJIbHOH BiakHOCTH. [Tociie HakomuTeNbHOT0 OyHKepa paric ¢ HTOMOIIBI0
TPaHCIIOPTHPOBOYHOW HOPUH TIEpEeMenIaeTcs B MaJblii HAKOMHUTEIbHBINA
OyHKep, U3 KOTOPOT0 ITHEKOBBIM JIO3UPYIOLIIM TPAHCIIOPTEPOM NOIaeTCs Ha
OYHCTHTENBHYIO MamuHy. OYHCTUTENbHAsT MalllHA B COCTABE yCTaHOBKH
nMeeT BUOpAIIMOHHBIE YCTaHOBKH, CUTA, a TAKXKE CUCTEMY IbUICYJIOBUTENEH
«uxmnon». Kontponupyercs: ppaxumst 6MToro 3epHa (eciu 110 MmokazaTessiM
MacCIIMYHOCTH, COJIEp)KaHWE TPOTEMHa M BIAKHOCTH COOTBETCTBYET
HCXOJHOMY CBHIPBIO, TO OMTOE 3€pHO TaKKe IOAAeTCsS Ha IIPECCOBAHUE B
TEXHOJIOTHUECKH Tpoliecc). Mamnblii HaKOMUTENbHBIH OyHKEp 000py10BaH
CHCTEMOW HarpeBa CeMsH, OH HCHOJB3YyeTCS 3MMOH, T.K. TeMIeparypa
BXOJIALIETO 3epHa MOXKET ObITh HUke 15 rpagycoB C. B cucremy Harpesa
BXO/AT BOASHBIC DAaAMATOpPBl, KOTOPBIE KOHTPOJIMPYIOT TEMIIEpaTypy
OyHkepa B nuamnaszone +15-20 rpamycoB C, 1Jist 3TOT0 UMEETCS] BCTPOSHHBIN
JaT4uK. JTO HEOOXOAMMO JUIS TOTO, YTOOBI MOJYYHTh MAacjio XOPOIIEro
KadyecTBa.

IlepBasi ctyneHb npeccoBaHusi. 3epHO MOCJIE KOHTPOJIBHON OUUCTKH
MOCTYNAaeT Ha MEpBYI0 CTYNEHb IpeccoBaHMsA. BrlnaBneHHoe Macio
OTKaYMBAETCS HACOCOM B TOMOTCHM3AIMOHHYI0 &MKOCTh Nel mms
nocetyronie GuiIbTpanuy. VMcnons3yercs Ipi 3TOM J03UPYOLIHE ITHEKH,
HACOCHI JJIS1 OTKAYKH Macja B COCTaBe €IMHON YCTAaHOBKH. MOMEHT Ha Bay
npecca 55-75%. O6opotsl Bana npecca 45-90%. Ilpu aToMm mporecce He
JIOIYCKAIOTCsl IIPEBBIIEHUE IOKa3aTeseld. KOHTpoJIb NpOXOXKIAEHUS H
MOJIa4M CHIPBS 10 TpaHcropTepam. Jlanee nmpoBoaMTCS 0TOOpP MPOO CHIPHS,
MIPOBE/ICHUS aHAIN30B ¥ KOHTPOJIb POTYKIINH.

OOpazoBaHHBIIl KMBIX IIOCIE INEPBOTO Mpecca C OcTaTKaMu Macia
MOCTYyMaeT B 3KCTPYIOpP, TAE IPH BBICOKOM TeMmepaType W IaBICHUU
MPOUCXOIUT XUMHYECKUH pacmaj CTPYKTYp OeJIKOB /10 GoJiee yCBaBaEMBbIX.
IIpu 3TOM TIpoILIECCE BEETCS MOCTOSHHBIM KOHTPOJIb TAPaMETPOB B PEKUME
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peabHOrO BpEMEHHU uepe3 KoMIbloTephl. KoHTpodb BeneTcs 3a mopaden
KMBIXa TIOCJIE€ TEepBOH CTYyNEHH TIPECCOBAHUS, COOTBETCTBYIOILETO
MOKa3aTeIsIM MacIMIHOCTH 16-28% 1 BIIa)KHOCTH, a TAK)Ke 38 COOII0IEHUEM
TeMIIepaTypbl SKCTpyAepa. He nomyckaercs noseienue temmeparyp ti 120
rpaxycoB C, to 130 rpagycos C, t3 150 rpamycos C.

Brtopas crynens npeccoBanusi. JKMbIX ¢ 0CTaTOYHBIM MaciiOM, I1OCIIE
SKCTPYAMPOBAHUS, TPAHCHOPTEPOM TMepemaeTcs Ha mpecce Ne2 juis
IIPOXOXKJACHUS BTOPOM CTymeHH IpeccoBaHUsA. BBenercs KOHTpOIb
MIPOXOX/ICHUS U MOAAYM CBHIPhA MO TpaHcmopTepaM. st BTOpoH CTymeHH
MIPECCOBAHUS HCIIOB3YETCs TAKKe Mpecc. MOMEHT Ha Baity mpecca 65-75%,
o0opoTs! Bana npecca 60-98%. He momyckaercst mpeBbIleHNE MTOKa3aTeNeH.
BrinaBieHHOE Macio OTKauMBaeTCsl HAcOCOM B TOMOTEHH3AIIMOHHYIO
émrocte No2 it mocnenyromer ¢punbrpanuu. anee Begercs oToop mpobd
CBIPBSI, IPOBE/ICHUE aHAIN30B.

3aK/II04UTeNbHbIH 3Tall NPU NPOM3BOJACTBE PAINCOBOr0 Macja:
cemapanusi U GuabTpamus Macjaa. Y3en QuUIbTpaluu 3amycKaercs |
paboraeT B  aBTOMAaTWYECKOM pexuMe, 10 (aKTy HANOJIHCHUS
TOMOTEHU3ALMOHHBIX EMKOCTEH. Macro, HaKOIUUJICHHOE B
TOMOTEHH3aMOHHBIX EMKOCTAX Nel n Ne2, dunpTpyercs mo pasmensHOCTH.
COopHUK Maclia MocJie MepBoOro OTKUMA — TOMOTE€HU3aMOHHAst EMKOCTH Nel
(V=16M°%), cOopHHK Macia Tocie BTOPOTO OT)KMMA- TOMOTEHM3aIHOHHAS
émxocts  Ne2  (V=9m®). ToMOreHM3aLOHHbIE EMKOCTH CHAGKEHbI
MeIlaJKkaMd W CHCTEeMOHM TIoJorpeBa Maciia. YCTaHOBKa (HIbTpanuu
o0opyzoBaHa aTYMKAMHU YPOBHS U BKJIIOYAETCS aBTOMATHYECKU: EMKOCTh
Nel npu 50% 3anonnenus, a émxoctb Ne2 ipu 70% 3anonnenus. B nponecce
¢GuIbTpalMK 4YacTh OT(UIBTPOBAHHOIO Macja aBTOMATHYECKH HAcOCOM
OTKa4MBaeTcs B EMKOCTH ckiaaa. [Ipu 3ToM, HaeT KOHTPOIIb 3a AaBICHHEM 1
MepeKIII0YeHNEeM II0JJauy Macyia B éeMKOCTH CKJIaaa Ajsl XpaHeHHud. OunbTpar
OTJENsIeTCs HA YCTAHOBKE U TPAHCIOPTEPaMH IepeMelaeTcsl B OMEIEHUE
3IaHMS HA CKJIA] XpaHEHUs KMbIxa. [lamee sKMBIX HaImpaBisieTcs Ha GepMBl,
I'JIe MCTIONIB3YeTCs B Ka4eCTBE KOPMa IS CKOTA.

Takum 00pa3oM, TEXHOJOTMYECKHH Tpolecc INPH HPOU3BOJACTBE
pamcoBoro Macia MOXXHO CYHTaThb MAaJIOOTXOJHBIM, TaK KakK J>KMBIX,
OCTaBIIMHCS TOCJe MOJyYeHHs Macia, HCHoib3yercss QepMepamu U
YBEJIWYHMBAET MPOJYKTUBHOCTh CEITLCKOX03SHCTBEHHBIX )KHBOTHBIX.
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BJIMSHUE YYT'YHOIIJIABUWJIBHOI'O 3ABOJIA HA
3KOJIOTMYECKOE COCTOSTHUE OKPYKAIOIIEN CPE/IBI
I'.CATKA YEJSAABUHCKOW OBJIACTH

AHHOTAIUSA: B cTaTbe paccMaTtpuBaeTcs BO3ZCHCTBHE
YYTYHOIDIABHJIHLHOTO 33aBOJa Ha SKOJOTHYECKOE COCTOSHHE OKpY’Kalommen
cpenspl r.Catka.

KiroueBble c10Ba: UyryHOIUIaBUIBHEIN 3aBOJI, OKpY’Kalollas cpena,
3arpssHenue, [TJIK.

AKTYyallbHOCTb: YYT'YHOIUIABUJIbHBIE 3aBOJBI SBIIIOTCS CEPhE3HBIMHU
UCTOYHHUKAMHU 3arpsA3HEHUS OKpYy)Karoled cpeapl. BBIOPOCH BpemHBIX
BEIIIECTB, COJEpIKAIlUe TsKEIble METaJlIbl, OKCHIbI a30Ta U CEpbl, MOTYT
HETaTHBHO BJIMATH Ha KAa4eCTBO BO3IyXa, IOYBHI M BOJHBIX PECYpCOB H,
COOTBETCTBCHHO, Ha JKUBBIC OPTraHU3MBl M 3[0POBBE  UEJIOBEKA.
HccrnenoBanme BIMSHUS YYTYHOIDIABHJIBHOTO 3aBOJIa Ha COCTOSHHE
OKpykaromierd cpensl T.CaTka SBICTCS aKTyalbHBIM U Ba)XHBIM IIarOM B
HaIpaBJICHUN OOECIICYCHUST YCTOHYMBOTO PAa3BUTUS PETHOHA W 3aIlUTHI
OKpYXKaromiei cpeabl s OyayIux MOKOJSHHH.

Llensto Hamel paboTel sBISETCS ONpeIeNeHHe BO3ICHCTBUS
YyT'yHOIUTAaBWJIBHOTO 3aBOJIa HA JKOJIOTHUECKOE COCTOSHHE OKpYXKaromei
CpenBl.

O}IHI/IM U3 CEPHBE3HBIX HOCHC}ICTBI/Iﬁ pa60T1>1 YYT'YHOIIJIABUJIBHOTO
3aBOIa SIBIISETCS 3arpsi3HEHNE BOAHBIX pecypcoB. COPOCH MPOMBIIIICHHBIX
CTOKOB, COJICPKAIlMX TSDKEIble METAUIbl M JIPYTHe BpPEIHBIC BEMICCTBA,
MOTYT MPUBECTH K 3aTrPSA3HEHUIO PEK U BOJOEMOB, UYTO HETATUBHO OTPA3UTCS
Ha SKOCHCTEME BOJIHBIX OOBEKTOB U 3I0POBBE JIFOJICH, HCIOIB3YIOIIUX 3TO
BOY.

Ot0op mpoO® Bomel u3 peku bonbmias Carka HIDKE 10 TCYCHHIO
npoBommuch B coorBercTBiuH ¢ ['OCT 59024-2020 Bopma. OOmme
TpeboBanus k oT6opy mpob [1]. B mapte 2024 roga, ONEHKY MOJyYEHHBIX
nokasareneii mpousBoamu B cootBerctBuu ¢ Canllun 1.2.36.85-21 [2].

AHanmu3 BOABI TPOBOIWIM B  JaOOpaTOPHHM  JKOIOTHIECKOTO
MOHHUTOPHHTA (U3UKO-XUMHUECKHUX 3arps3HeHHUI OKpyskaromieil cpenst bd
YVYHuT. Beimu ucnonbs30BaHBl METOMBI aHAM3a: aTOMHO-a0COpPOIMOHHAS
cniekrpockonust (AAC), THTpUMETPUYECKUNA aHATH3.
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FI/IHpOXI/IMI/I‘leCKI/Iﬁ aHaJiu3 JacT BO3MOKHOCTH OIIPCACIIUTL Ka4€CTBO
BOJbl, a TaKXC YCTAHOBUTH €€ MNPUIOAHOCTb JId pa3JIMYHbIX Henei.
FI/IZIpOXI/IMI/I‘-IeCKI/Ie noKa3aTeJii NMMPEeACTAaBJICHLI B Ta6nnue 1.

Tabmuna 1

T'uppoxumuueckuii ananu3 Boabl peku bonbinas Catka HibKe 1mo
teueHuto ropona Carka YensOnHCKO# obactu

TTokazarenn ®daxrnueckoe | [lorpemHocts CanlInn E nunuis:
3Ha4YCHUE HU3MEpEeHHs 1.2.36.85-21, | wu3mepeHus
He Ooee
BomopoaHbIit 8,1 1,1 6,5-8,5 pH
[OKa3aTellb
O6utas 724 10 1000 Mmr/am3
MUHEpaTH3ail
ns
O6mas 8,9 1,1 7,0 KO
JKECTKOCTh
Mapranern 0,03 0,002 0,1 mr/am®
Menp 0,15 0,007 1,0 Mmr/om3
HuTtpaTts! 20 - 45,0 Mr/am3
PTyTh 0,0005 - 0,0005 mr/am3
CauHeIlL 0,003 0,003 0,01 Mr/am3
Xopup! 1,64 0,18 350,0 mr/am®
DTOpUIEI 0,1 - 1,5 Mr/om3
Cynbdartsl 201 15,1 500 mr/am®

3HauuTeNbHAs YaCTh MCCIIEAYEMBIX IIOKa3areneil HaxoJsiTcs B
npezienax HOPMbI, HO HaOJIIOaloCh W MPEBBILICHHE YCTaHOBJIECHHBIX
HOpPMAaTHUBOB IO TIOKa3aTelsM: o0Ias >XECTKOCTh cocTamiser 8,9, 4To
npesbiuaer Hopmatussl IIJIK na 1,9 mr/mm8, comepikanue pTyTH B BOJE
cebie [1JK - 0,0003 mr/am®. [IprurHO#l 3TOTO SBISETCS BHIOPOCH PTYTH B
OKpY>Kalollylo cpeay co cTopoHsl 3aBoja. IIpessimenue ITJIK mo prytu
MOJKET BO3HUKHYTH HM3-3a HECOOJIOJEHUS 3KOJIIOTMYECKHX CTAaHAApPTOB M
HOPMAaTHBOB Ha IPEANPHATHH, a TaKXKe U3-3a CTapeHus o0OpyHOBaHUS U
HEJIOCTaTOYHOH KOHTPOJISI 32 BBIOpOCaMHU.

J1st CHIOKEHUsI HETaTUBHOTO BIIMSIHUS YyT'yHOIIABHIIBHOTO 3aBOJa Ha
OKPYIKAIOLIYI0 Cpely HEOOXOAMMO MPUMEHSTh COBPEMEHHbIE TEXHOJIOTMU
OYUCTKH BBIOPOCOB, KOHTPOJHMPOBATH COPOCHI B BOJOEMBI, a TaKXkKe
YTWIN3UPOBATh  OTXOJBl MPOHM3BOJACTBA. Ba)KHO TakXke MPOBOJIUTH
PETYIApHBIE MOHMTOPHHI KadecTBa BO3[yXa, BOABI M TOYBHI B pPaiOHE
3aBoja [3].

UyryHOIUIaBUIIBHBIE 3aBOABI WIPAIOT BAXXKHYIO POIb B JKOHOMHUKE,
OJIHAKO UX JICSITEIFHOCTh MOJKET HEIaTHBHO CKa3bIBAThCS Ha OKpYIKaromien
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cpeac. ﬂJ’IH MUHUMU3AOUU BPCIAHOT'O BO3JICHCTBUS HeO6XOHI/IMO BHEAPATH
COBPEMCHHBIC SKOJIOTUYCCKU YUCTBIC TCXHOJIOT'UU U CTPOT'O KOHTPOJIUPOBATH
COGJ’HOHGHI/IG OKOJIOTMYECKUX CTaHAapTOB. Tonbpko Takum 06pa30M MOXHO
obecneunTh COXpaHCHHUEC TMpUpPOAbl U 3O0POBbLA Imojaeit B ropogax, ruac
ﬂeﬁCTByIOT MPOMBINUICHHBIC MPECATTPUATUSA.

Jlutepatypa

1. TOCT 59024-2020 «Boma. O6urie TpeboBaHUs K 0TOOPY TIPOO».

2. Canllun 1.2.36.85-21 «['urneHndeckne HOPMATHUBEI U TPEOOBAHUS
K oOecrmeueHHnio Oe30macHOCTH W (W) OE3BpEAHOCTH IS YeIOBEeKa
(hakTOpOB Cpeasl OOUTAHUSY.

3. Tapacosa  H.IL OueHka  BO3JIEHCTBUSL  IPOMBIIIJICHHBIX
IpeanpusTuil Ha okpyxaronryto cpexy. M.: BMUHOM. JlabopaTopus 3HaHHUHA,
2015. -233 c.

Cammena E.D., I'azeraunos P.P.
B® YYHuT, r. bupck, Pb
T'azsemounos P.P., k.x.H., Ooyenm
aldrich@mail.ru

OINPEJIEJIEHUE AHAJIUTUYECKUX IMOKA3ATEJIEHM ITOYB
I'. AIIIUMBAM PECITYBJIMKA BAIIIKOPTOCTAH

HccnenoBanusi, HampaBieHHbIE HAa BBISBICHHE YPOBHS 3arps3HEHHs
MOYBEHHOTO MOKPOBa MPOMBIIUICHHBIX TEPPUTOPHH, a Takke pa3padoTKa
MyTel peneHus npoOIieM 3arpsi3HeHHs TI04B, UMEIOT 0CO0YI0 aKTyaJIbHOCTb,
TaK Kak UIMEHHO I10YBa SIBIISIETCS CPEJIOM, aKKYMYJIMPYIOILEH 3arpsi3HsoIne
COE/IMHEHUsI U TOKCHKAHTHI. [Ipu OllEHKE COCTOSIHMS TIOYBEHHOIO TTOKPOBa
Ba)XHO OIPEIEIUTH €€ KHCIOTHO-OCHOBHBIE XapaKTEPUCTUKHU U COEpIKaHUE
3arpsisHATENICH, TAKUX Kak, TSDKeble METaJUIbl M HEKOTOphIe OpraHnYecKne
coenuHenust. [5-7]

Hannass  paboTa  TOCBSMIEHA  KCCIIEAOBAHUIO  SKOJOTHYECKUX
nokaszateneid mouse r. Mmmmbaii  Pecnybnmkm  Bamxoprocras,
WCIIBITHIBAIOIIECH TEXHOTEHHOE BO3/IeHICTBUE IIPOMBIIIIEHHBIX MTPEATPUSTHH.

[Ipo60ooT6Op ¥ MPOGOOATOTOBKA MPON3BOAMINCE B HIoHEe-Mione 2023
rofia COTMJIaCHO TPEeOOBaHMSAM COOTBETCTBYIOIIUX PErJIaMEHTUPYHOLIUX
JOKyMEHTOB. KHCIIOTHO-OCHOBHBIE CBOIICTBA MOYBBI, BAJIOBOE COJACPIKAHHE
TSDKEJIBIX METAJIOB M KOHIEHTPAIMU UX HOABIKHBIX ()OPM ONPEACISINCH
CorjlacHO MeToauKaM, yreepxaeaasiM IIMHAO. [1-4].
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I[Ipy  W3yYeHMM  KHCIIOTHO-OCHOBHBIX  XapaKTEPHCTHK  IOYBEI
OIIpeJieJICHUE BOJOPOJHOTO II0KA3aTelsl IO3BOJISIET YCTAHOBUTH CTEINEHb
Jerpajaliid  1oYB. MOXHO OTMETHTb, 4YTO BOJOPOJHBIN IOKa3aTelb
aHAIM3UPYEMBIX O00pa3loB TOYB HMEET TEHACHIMIO K CMELICHHIO B
HeWTpanbHyl0 H ciabolienouHylo cpeny. Pacnpenenenue 00pasios,
OTOOPaHHBIX Ha Pa3IMYHBIX YACTIX HCCICAYEMOW TEPPUTOPHUH, MMEFOLIHX
IuanasoH 3HadeHnid pH B mHTEepBane ot 6,62 no 7,71, cBHOETEIBCTBYET O
MOBBIIIIEHHON TEXHOTGHHOM HAarpy3ke Ha MOYBY, TaK Kak IS 30HBI
pacmionoxxenus r. Ummmbait xapaktepHo poHOBoe 3HaueHue pH ot 4,12 no
6,72 npu cpeanem 3Hauenu pH = 5.5.

Ilo pesympTaTaMm ompeneneHUs KUCIOTHOH OydepHOil emKocTH
HCO6XO[[I/IMO OTMETUTH, YTO B MMOYBECHHOM IOKPOBEC HpOMLIIlIJ'IeHHOﬁ 30HBI
HaOrOMaeTCsl BBICOKAas Oy(epHas eMKOCTh, T€ KOJUYECTBO COJITHOU
KHUCIIOTHI, yIIeAuiee Ha u3MeHeHue pH mMmouBeHHOW cycmeH3uu a0 3,5,
COCTaBIISLI0O HE MeHee 85,5 MMOJL/KI M JOXOAMI0 A0 3HadeHus 150
MMOJIB/KT.

IIpoMbllIICHHBIE ~ TEPPUTOPUM  IIPETEPIIEBAIOT  CYILIECTBEHHBIE
N3MEHEHMS KOHIIEHTPALMH HOHOB TSKEJBIX METAJIOB B IOYBEHHOM CIIOE U
BOJaX 3a CYET MAEATEIbHOCTH IPOW3BOJCTBEHHBIX NPEANPUSITHH U
TpaHCIIOPTA.

Hammu  ompenmeneHsl  mokasaTend  BaJOBOTO  COAEPXKaHUS |
KOHILIEHTPAIIMH MOABMXHBIX (popM HambOoJiee ONMacHBIX TSKENIBIX METa/IOB
(Pb, Cd, Zn, Cu, Ni, Cr), npeneinbHble YpPOBHH COAEPKaHHS KOTOPBIX
Hopmupytotcs CanlluH 1.2.3685-21 n xonTponupyercs Pocrugpomerom B
Poccwuiickoit @eneparum, B ToM uncie U Pecnybmivke bamkoprocran.

[Ipoananu3upoBaB U 00OOIIMB Pe3yIbTAThl UCCIEIOBAHUN COCTOSIHUS
TIOYBBI HAa NPEAMET 3arpA3HCHUSA TAXKEIbIMHU META/ULIaMHU MOXHO OTMETHUTD,
YTO YPOBEHb HAKOIUICHUA OTACIBHBIX TAXKCIBIX METAJIOB B ITOYBCHHOM
TIOKpOBE 110 ciios riryOuHoi 20 cM yObIBaeT B psay: Zn > Pb > Cu > Ni> Cd
>Cr.

Kak u npenmosnaranocs, HanOOJBIIYI0O MHTEHCHUBHOCTb 3arpsi3HEHHS
OOHapyXWim B I0YBAaX, MWCHBITHIBAIOIINX BIMSHAE HPOMBIIIJICHHON
TEPPUTOPUH, a B TIIOYBE ECTECTBEHHOrO JaHAMmApTa COJECpIKaHHE
paccMaTpUBaeMbIX 3JIEMEHTOB HIDKE B HECKOJIIBKO pa3 (B OCHOBHOM HeE
mpesbrmaet Hopmsl ITJIK u O/1K).

3a mpejenaMu IPOMBIIUICHHOW 30HBI BajOBOE COJCpKAHHE U
KOHIICHTpaluX MOABUXHBIX (bOpM JaHHBIX DJIEMCHTOB CYIIECTBEHHO MAaAacT,
YTO TO3BOJSIET YTBEPXKAaTh, YTO a’3paibHBIH pa3dpoOC METAIUTHYECKHUX
3arpsi3HUTENCH HE3HAYNTEIbHOE, W OOYCIOBIEHO HX MPUCYTCTBHEM B
MBUIEBUAHON (pakiuu, OceAaromell Ha HEOOJBIIOM pAacCTOSHUU OT
WCTOYHMKA 3arps3HEHMS.
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VYpoBeHb COMCPKAHUS MOABIKHBIX (DOPM TSKENBIX METAIIOB B
MOYBEHHOM MOKpoBe TIJIyOMHOH 10 20 cM 3aBHCHT OT WX (GH3HUKO-
XMMHYECKHX CBOWCTB, BAIOBOTO COJCPYKAHUS M XUMHUUYCCKOH PEaKIIMOHHOM
CIIOCOOHOCTH MX COCMHEHHH.

AmMoHnnitHo-anetaTHas Oydepnas cucrema ¢ pH 4,8, cranmaptHO
UCIIONIB3yeMast JUTS U3BJICUCHHS OABIKHBIX ()OPM METAILIOB, U3BICKACT U3
HCCIIeyeMbIX 00pa3LoB IMOYBHI TSDKENBIE METaUIbl ¢ yOBIBAHMEM HX
conepxaHus B ciuexyromeM psaay: Cd >>Pb =7Zn > Cu=Ni> Cr.

[TpomblnuIeHHBIE BBIOPOCHI, OTXO/BI IIPOM3BOJCTBA U CTPOUTENBCTBA —
9TO OCHOBHBIC HCTOYHHKM MOCTYIUICHHS TSDKENBIX METalIOB  Kak
3arpsi3HUTENCH OKPYIKAIOIIEH cpelbl Ha MCCIIeIOBAaHHBIX TePPUTOPHSIX.

JlutepaTtypa

1.TOCT 17.4.4.02-2017 TlouBbl. MeToabI OTOOpa U TOATOTOBKH MPOO
JUTS XAMHYECKOT0, 0aKTEPUOTIOTHYCSCKOT0, TeIbMHUHTOIOTHUECKOTO aHAIH3A.
M.: Cranpaptundopm, 2017. - 9 c.

2. TOCT 26483-85. IlouBbl. IlpurotoBneHue COJICBOH BBITSKKH U
onpenenenust ee pH mo merony LIMHAO. M.: I'ocynapcTBeHHbIIT KOMHUTET
CCCP no crangapram, 1985. -6 c.

3. M-MBH-80-2008. MeToanka BEITIONHEHUs H3MEPEHHUIA MacCOBOM
JIOJIA 3JIECMEHTOB B MPO0ax MOYB, TPYHTOB U JIOHHBIX OTJIOXCHUH METOIaMH
ATOMHO-3MHCCHOHHON M aTOMHO-abcopOunonHOM cnekrpomerpuun. C-I16.,
OOO MonuropuHr, 2008. — 27 c.

4. CanlluH 1.2.3685-21. I'nruenndeckrie HOpMaTHBHI U TPEOOBAHUS K
obecreyeHno 0€30MaCHOCTH U (WIK) OE3BPEIHOCTH ISl YeI0BeKa (PakTOpoB
cpensl oouranus: yreepxkacHsl 28.01.21: Beenens! B neiicteue 01.03.21. M.:
HEHTPMALT, 2023. — 736 c.

5. JlabaxoB M.B. IIpoGnemsl ycTaHoBneHus (akTa M CTEHCHH
HETaTUBHOTO BO3JICHCTBHUS HA COCTOSIHME MMOYBEHHOTO MOKpoBa // BecTHHK
Huxeropoackoil rocyniapCTBEHHON CEIbCKOXO3SMCTBEHHON akaJeMuu. —
2021, Ne 52(30).—C. 51-58.

6. Esxerommuk. 3arpssHenue mouB Poccuiickoit ®Deneparuu
TOKCHKaHTaMH ITPOMBIIUICHHOTO Npoucxoxaenus B 2022 roxy. OOHUHCK:
OI'BY «HIIO «Taiidyn», 2023. — 139 c.

7. Cxpunko T.B., Mameruaa M.JI. DKOJIIOTHYECKHE IOCIECACTBUSL
3arps3HEHUS] TI0YB TSKEIBIMH MeTaulaMu // YcCmexu COBPEMEHHOIO
ecrectBo3Hanus. — 2019, Ne 6. — C. 105-110.
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MMEPBUYHAS NIOATI'OTOBKA HE®THU. JETA3ALIUSL

Hed s — 3T0 MpupoaHOE HCKOTIAaEMOE TOILTMBO, KOTOPOE MPEACTABIISAET
co00 TEMHYIO, BSI3KYIO JKHIKOCTb, COCTOSIIYIO IJIaBHBIM 0OpazoM u3
CIIOKHOM CcMecH YIJIEBOJOPOJOB pA3IMYHBIX KJIAcCOB: mapaduHOB,
Ha(TEHOB, APOMAaTHIECKUX YTIIEBOAOPOJOB, CMOJ U ac(haIbTECHOB.
B coBpeMeHHOM MUpe ChIpYI0 He(Th HE HCIOJB3YIOT B KauecTBE
TOIUIMBA, 3TO 3KOJIOTMYECKH M IKOHOMHYECKH HeIelecoo0pa3Ho, MOTOMY
4TO ChIpasi He()Th MOMUMO CMECH YIJIEBOJIOPOAOB COJEPKUT CBOOOIHBIE U
pacTBOpEHHBIE T'a3bl, MEXaHHUECKHE IPpUMecH (IIECOK, IMIMHA) U IIIaCTOBYIO
BOJly C PAacTBOPEHHBIMU B Hell coisiMu. [loaTomy mocie noObruu He(BTH
MO/IBEPraeTesi IpeIBapuTeIbHON moaroToBke [3].
I'maBHas 1esb MOATOTOBKH HE(PTH — 3TO yAAICHHUE IPUMECEH U3 CHIPOH
HeTH AN MHMHUMH3AIMM WX~ [AryOHOTO — BO3JCHCTBHS — Ha
HedrenepepadaThIBAIONLYI0 alllapaTypy M 3arps3HeHHe OKpy’Karomieh
cpenpl. OT KauecTBa MpEIBAPUTENBHON IOJATOTOBKM HE(TH 3aBUCHT
3¢ PEKTUBHOCTH JaTbHEHIINX MIPOLIECCOB eé nepepaboTKH.
HedtenoaroroBka OCyIIECTBISETCS Ha  YCTaHOBKAaX  KOMIUIEKCHOM
noarotoBku HedTu (YKIIH), oHa BKIIOYAET CIETYIOIINE IPOIIECCHI:
— yJaleHHe MEXaHWYeCKHX NpuMeced n3 HeTH (Tecka, TIIMHBI U
JIpYTUX TBEPIBIX MOPON);

— perazaums HedtH - oraereHue HepTH OT CBOOOOHBIX U
PacTBOPEHHBIX (IO THHIX ) Ta30B,;

— obe3BoxuBaHHE HEPTH - OT/ENICHNE HE(PTH OT IIACTOBOM BOABI B
OTCTOMHUKAX;

— obecconuBanne He()TH - OTJeNICHNE HE(YTH OT MUHEPAJIbHBIX COJIEi
Ha aJiekTpoobecconuBatoleit ycranoske (3JI0Y).

Herazanus HedTH — 3TO IpoLecC yJIaleHus] U3 HePTH paCTBOPEHHBIX
JIETKUX YTJIEBOJOPOJIOB (METaHa, dTaHa, NPOMNaHa) M HEYIJICBOAOPOIHBIX
ra3oB (YIJIEKHCIIOTO Tra3a, a3oTa, cepoBomopona). JlauHas oreparus
ABJISIETCS  HEOTHEMJIEMOM YacThi0 TEPBHYHON TMOATOTOBKM HedTH,
obecrieunBaronieil CTaOWIM3aIMi0 €€ CcocTaBa MU (PU3UKO-XHUMHUYECKUX
CBOKCTB Tiepe/] NadbHEeHIeH TpaHCIOPTHPOBKON U TIepepabOTKOM.

Beigenenne ra3a u3 ceIpoil HE(TH OCYIIECTBISIETCSI B CIIEIMAIBHBIX
ammaparax, Ha3bIBa€MbIX cemapaTopamMu. B BuAe cXxembl KJIaCCH(HUKALUIO
CernapaTopoB MOKHO MPEACTaBUTh CIEAYIOIUM 00pa3oM:
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rropuacmanbuue ][ BepTtukanoHbie ] [ Uununapuieckue ][ Cdepuueckue ]

[ Mo pacnonoxeHuio ][ Mo chopme Kopnyca ]

AsyxdasHoie

Cenapartopb!

MpoMexyToHHbIe

Mo mecry 8

TEXHONOMHYECKOR CXeme
Mo konuuecrsy

cenapaumnoHHbIX a3

[ Mo OCHOBHOM cCenapupyiowen cune ]

! i

[ paBUTaLMOHHbIE ] [ VHEpPUMOHHbIE ]

Pucynox 1 — Knaccuduxaiys cenapaTtopoB 1o OCHOBHBIM
(YHKIIMOHAJIBHBIM M KOHCTPYKTHBHBIM TIPH3HAKAM

IIpomecc nerasanmu MPOXOAUT B HECKOJBKO IIOCIIEOBATEIIBHBIX
ctyneHed. OHUM U3 IIHUPOKO HCIONB3YEMBIX METOJOB yJIaJeHHUs ra3oB U3
HeTh sBiIiETCS TepMMYecKas Jerasalys, OCHOBaHHAs Ha MPUHIUIE
TIOBEIICHHUST TEMIIEPaTypel He(TH, YTO CIIOCOOCTBYET MAaKCHMAIEHOMY
BBICBOOOXKJICHHUIO PACTBOPEHHBIX Ta30B.

B cenapatopax | cTynmeHH MeTOIOM TEPMHYECKOTO HATPEBaHHS NpPHU
JTABJICHUH 2 aT™ U Temrieparype okoio 20 °C ot HedTH OT/IeNnsIeTcs] OCHOBHAS
4acTh ra3oB. BeicoTa ypoBHS He(TH MOANEPKUBACTCS POBHO IMOCEPEIIHE
ammapara, 9To0bl 00eCTIeYHTh MaKCHMAaIbHYIO IUIOMIANb «3epKaiay HePTH U
c/ienaTh mpolecc aerasanuu Hanbonee sddexTuBHbIM. Jlerazaus HedT —
ABTOMATH3MPOBAHHBIA TpOIECC, KOHTPOJIUpyeMbli omepaTtopamu Y KITH.
CenapupoBaHHBIH ra3 KOHCOIHIUPYETCS U3 CENapaToOpoB U IO Ta30IPOBOAY
HampaBiAeTCs. B COOTBETCTBYIOUIMHA IEPBOMl CTyNEeHH cemaparuu
ra3ooCylIdTeNb [Js YyJajJeHus NPUCYTCTBYIOIIEH B Tra3e KarelbHOU
xuakocTy. Jlamee Ta3 HammpaBisieTcs HA Ta30KOMIIPECCOPHYIO CTAHITHIO IS
paspsbkenus nasineHus. Oxono 20% pa3pspkeHHOTO ras3a HampaBsisieTcs Ha
COOCTBEHHBIE HYXXZIBI: obecrieyeHue paboThl Iedeil, AeXypHOEe TOpeHHe
(bakenoB. [lpyras uyacTe raza HampaBiseTcs IO Ta30NPOBOJY Ha ITyHKT
pekTudukanuu razos u TOLI.

ITocne razoocymmuresneil OTAeNeHHBIH ra3 moj AaBieHueM 1,5 atm
3aronseTcs Ha |l cTyneHs cemapanuy B KOJIOHHY BBICOTOW MPUMEPHO 14 M.
JlaBieHne Tra3a KOMICHCHPYETCA €ro IOJBEeMOM B BEPXHIOIO YacTh
cenaparopa. Peskoe cHmwkenue nasienus ¢ 1,5 mo 0,05 atM mpuBoauT K
JOTIONTHUTEIBHON cemapanuy ra3a. [a3 Cc MEHBIIUM JaBICHUEM
HaIpaBJIIETCS. B  COOTBETCTBYIOIUMK  BTOPOM  CTYyHEHHM Jerasaluu
razoocymuresb. OpakUOHHBIN COCTaB ra3a B 3aBUCHUMOCTU OT CTyIEHEH
cernapanuu cieayromuii: | crynens — meran, stan; |l crynens — nponas,
OyTaH, EHTaH, TeKCaH | T.1. [4].
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[MoarorosnenHas HepTh MO Ka4yeCTBY JOJDKHA YAOBIICTBOPSTH
tpeboBanusm 'OCT P 51858-2002 «Hedte. OOmmune TeXHUYECKHE YCIOBUS
n I'OCT 9965-76 «HedTtp mn1s mnepepadaThIBAIOIIUX —IPEIIPHATHIH.
Texuuueckue ycnosus» [1,2]. Cremenp aeraszanuu He(TH 3aBUCHT OT
koHcTpykuuu YIIH, konuuecTBa CTyNEHEH cemapalyy, TeMIIepaTypsl
Harpesa, AaBJICHHS U JPYTHX TEXHOJOTHYecKHX mapamerpos. ConeprkaHue
OCHOBHBIX Ta30BBIX KOMIIOHEHTOB B CBIPOM M IOATOTOBIEHHON HedTH
npencrasieHo B tabuume 1 [4].

Tabmuma 1
CopneprkaHue Ta30B B CHIPOH U MIOATOTOBICHHON HEPTH
T"a30BrIil cocTaB Conepxanue, % 00.
HeTH Cripas He(Th IToarorosieHHas HeYTh
CH4 60-90 0,003-0,03
CoHe 3-19 0,0002-0,001
CsHs 1-6 CJIeTbI
CsH1o 0,5-3 cleibl
CO; 0,01-8 CIIeIbl
N2 0,1-20 CIIeIbI
H.S 0,01-5 CIIeIbI

Takum 06pazom, cyMMapHOE CoJiepKaHNue PACTBOPEHHOTO Ta3a B HepTu
MocyIe Jera3aliu CHIDKaeTcs nmpuMepHo Ha 95-98% oT mepBoHAYaILHOTO
3HAYeHHs B ChIpOW HeTH. MaKCUMaJIbHO BO3ZMOYKHOE M3BJICUECHHE I'a30BOM
(a3el U3 ChIpoit HeHTH HEOOXOAUMO ISl TIOTYUEHHS CTa0MILHONH TOBAPHOI
He(pTH, TPUTOMHOW UL TPAHCIIOPTUPOBKH M JNANbHEHIIEH TepMHUYECKON
nepepaboTKH.
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YCIIOBUSI».
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OMNPEJIEJIJEHUE ®U3NYECKUX CBOMCTB HE®THU
OPBEBAILICKOI'O MECTOPOKIEHUS PECITYBJINKHU
BAIIKOPTOCTAH

Hed1s — 310 mpupogHOEe HCKOMaeMoe, KOTOpOe MPEACTABISIET COO0H
TEMHYIO, BSI3KYIO KHIKOCTH, COCTOAIIYIO IVIABHBIM OOpa3oM M3 CIIOKHOM
CMECH YIJIEBOJOPOJIOB pPAa3IMYHBIX KIaccoB: mapaduHOB, Ha(TEHOB,
apOMaTHYECKUX YTJIEBOJIOPOIOB, CMOJ U ac(ajbTEeHOB.

IlBer He(hTH 3aBHCUT OT €€ XHMHYECKOTO COCTaBa, OCOOEHHO OT
KOJIMYECTBA YIJICBOJOPOOB, KOTOPbIE OHa COAEPXKHUT. Paznmuyaror Tpu
OCHOBHBIX TPYIITbI HE(PTH O NBETY:

CaeTiible WM OKeNThie» HedTH. DTH He(TH OOBIYHO BCTPEHUAIOTCS B
ra3oBbIX MecTOpoXxaeHUAX. OHM UMEIOT HH3KYIO MIoTHOCTH (780,0—790,0
Kr/M%) M CoflepKaT B OCHOBHOM JIETKHE yIJIEBOJOPOJIbI, TAKHE KAK aJKaHBI,
HadreHs! u apensl [2].

SIHTapHBIE WM «KpacHbIe» He(TH. DTH HePTH UMEIOT OoJIee BEICOKYIO
wiotHocTs  (790,0-820,0 kr/mM®) U comepxkar Oomblle  TAKEIbIX
YIII€BOAOPOAOB, YEM CBETJIbIE HEPTH.

TemHble uaH «4epHBIe» HEPTH. OTH HEDTH MMEIOT CaMyIO BBICOKYIO
IUIOTHOCTb M COJIEPKaT OOJIBIIOE KOJIWYECTBO TSDKEINBIX YIJIEBOJOPOIOB.
OHM UMEIOT TEMHO-KOPHUYHEBBIN MIIM YSPHBIN IIBET.

Hedts — 3TO cilokHasi cMech YIJIEBOJOPOAOB, KOTOpas HMeEET
XapaKTepHBIH 3aI1ax, KOTOPhI MOYKET BapbUPOBATHCS B 3aBUCUMOCTH OT €¢
THna M cocraBa. OCHOBHBIMM THIIAMH 3aIIaXOB SIBIISIOTCS: T'a3000pa3HBINA
(yrerkuit), KEpOCHMHOBBIH M Ma3yTHBIM.

Hedtp 5ierko BocruiameHsieTcss Ha BO3JyXe, TaK Kak IPEJCTaBIIsieT
cO00M IETYUyFO )KUIKOCTh, COCTOSIIYIO U3 TOPIOYUX YIiIeBoaopoaos [3].

OOBEKTOM HCCIIE/IOBaHMS SBISUIACh ChIpas W MOATOTOBJIEHHAs HE(ThH
Opsebatckoro MecropoxaeHust Pecrryonuku bamkoprocras.

[InoTHOCTS HEGTH OIpEeaensan apeoOMEeTPUIECKMM METOIOM B
cootBercTBUH ¢ ['OCT 3900-2022 «HedTp m HedTenpoaykTsl. MeTomp
omnpezeieHus WIoTHOCTHY [1]. BeicoTy miaMmeHu ompeaessii BHECEHHEM
CMOYEHHOW B HE(TH MOJOCKM OyMmMaru B IUIaMs CHHPTOBKH. Pe3ynpTaTsl
SKCIIEPUMEHTA NIPUBEICHBI B Tabmax 1 u 2.
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Tabnuna 1. ITmoTHOCTE HEPTH

Tun nedru Opbebaickoro Mectopoxaenus | ps?t, r/em® | pa?, r/em®
IMoarorosnenHas 0,874 0,8767
Cripast 0,903 0,9055
Tabmiua 2. Xapakrepuctuka HeTH
Tun HedTH Iper ITnoTHOCTS, Bricora
Opbebarickoro 3amax 3 IUIAHEHH,
HeTH r/cm
MECTOPOXKICHUS cM
IIpeobmamaer 17
IToarotroBnennast | Bypsiii OEH3UHOBBIN 0,8767 !
KOITSIEe
3amax
Tento- IIpeobmamaer 16,
Chipast . 3armax 0,9055 CHJIBHO
Oypsrit
cepoBogoposa KOMNTsIIIee

DKCIIepUMEHT IOKa3all, 9TO ChIpast He(pTh UMeeT OONBIIYIO TUIOTHOCTh
B CpaBHEHHE C ITOATOTOBICHHON HE(PTHIO. DTO CBA3aHO C HAIMIHUEM BOJBI H
TpuMeceii B ChIpoit He(hTH 110 e€ moaAroToBKu. HedTh roput kontsammm
IUTaMEHEM U3-3a OOJIBIIOTO COACPIKAHUS TSHKEIBIX apOMATHYSCKIX
COEIMHEHU I

Jlurepartypa
1. TOCT 3900-2022. TocymapcTBeHHBIH cTaHmapt Poccuiickoit
@enepaunu.  «Hedpts wu  HedrempomykThl. Meronsl  omnpeneneHus
IUIOTHOCTH.

2. Coxkoos, B. A. Xumuueckuii coctaB HehTeid U MPUPOIHBIX Ta30B B
cBs3u ¢ ux npoucxoxaeHneM [Teker] / B. A. Cokonos, M. A. bectyxes, T.
B. Tuxomonosa. — M.: Henpa, 1972. — 276 c.

3. Tynukun, E. M. Obmas nHedrexumus: yueOHOe mocobOue 1J1s By30B
/ E. N. Tynukun. — 3-¢ w3n. — CI10.: Jlans, 2021. — 320 c.
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OINPEJEJIEHUE MACCOBOW J10JIA BOJbl B HEGTH
OPBEBAIIICKOI'O ¥ HAIEXKJUHCKOI'O MECTOPOXIEHUI
Pb 11O METOAY JUHA-CTAPKA

Hed1s — 3TO mpupogHOe HCKOMaeMoe, KOTOPOE MpeAcTaBisieT co0oit
TEMHYIO, BSI3KYIO KHIKOCTH, COCTOAIIYIO IVIABHBIM OOpa3oM M3 CIIOKHOM
CMECH YIJIEBOJOPOJIOB pAa3IMYHBIX KlaccoB: napaduHOB, Ha(TEHOB,
apOMaTHYECKUX YTJIEBOJIOPOIOB, CMOJ U ac(ajbTEeHOB.

Bona siBisieTcss 0OBIYHBIM CIIyTHUKOM CBIpOH He()TH, 10OBIBACMON 13
Heap 3eMId, KOTopasl 4allle BCero COAEPXKHUTCS B HeTH B BUAE dIMYIbCUU
[4].

OMyJIBCHH NPEACTaBIAIOT COOO0M TUCTIEPCHBIE CUCTEMBI, COCTOSIINE U3
JBYX >KHJKOCTEH, HEpPAaCTBOPHUMBIX WM MAJIOPACTBOPUMBIX APYT B ApYTeE,
OJlHa W3 KOTOPBIX JWCIIEPIMpPOBaHa B JAPYroil B BHAE MEJNKHX Kameib
(rnoOy). XKunkocTb, B KOTOPOH pacmpeiesieHbl 3TH TII00YJIbI, Ha3bIBACTCS
JUCIIEPCHOHHON  cpelof, a KHUAKOCTh, HaxoJsmiascsi B  BHUIE
JMCTIEPTUPOBAHHBIX YACTHUI] - TUCTIEPCHOI (ha3oi.

dopmupoBaHue HETIHBIX OMYJIBCHH MOXET INPOUCXOAUTH Ha
pa3NUuHbIX  CTaguax JoObuM HedTH B pe3yibTare  B3aUMHOIO
NepeMeIIMBaHusl U AuUcIepriupoBanus HeTu U Boxbl. Tak, B PecnyOmnke
bamkoprocran 00BOAHEHHOCTh ChIpoi HedTH mocturaer a0 95%, uro
CBSI3aHO C 3aKauKOW BOJABI JUI TOJJAEPXKAHUS IUIACTOBOTO JIABJICHHS B
npouecce Heprenoouun [1, 3].

B 3aBHCHMOCTH OT MOJAPHOCTH JUCHEPCHOM (ha3bl U TUCTIEPCHOHHOM
cpenbl He(TSHBIE SMYJIbCHUM IIOPA3EISAIOTCS Ha JBa OCHOBHBIX THIIA.
Omynbcun Trmna "HedTh B Boge" (H/B), B KOTOPBIX HEHONSpHAS KHIKOCTbH
(HedTp) MUCTIEprUpOBaHa B TOJISIPHOHU cpejie (BOJIe), Ha3bIBAIOTCS MPSMBIMH
WM SMYJILCUSAMH TIepBOro poja. OOpaTHbIe WM 3MYJIbCHH BTOPOTO poja —
9T0 3MyJbcuu Tuna "Boxa B Hedptu" (B/H), B KOTOPBIX HOJISIpHAs! KHIKOCTh
(Boma) aucrieprupoBana B HeMoOJsApHOH cpene (Hedtn). Tum obpazyromerics
OMYJICHH B OCHOBHOM OIIPEAENSETCS COOTHOUICHHEM 00beMOB HedTH H
BOJIbI, JIMCIIEPCHOHHOM Cpeqol OOBIYHO SIBJSIETCS Ta KHUIKOCTb, 00bEM
kotopoi npeobianaer [3]. Ha pucynke 1 m3o0pakeHbl THUIBI HEQTSIHBIX
SMYJIbCHUH.
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O6patHas MNpamas MHoKecTBeHHan
aMynbeua 3MyNbCUA 3IMyNbCUA

[lucnepcran cpena (Hedry) Aucnepcran cpena (sona)

. - Kanns oAbl B HebTH ' - Kanna Hed™ B BoAe

Pucynox 1 — Tumbl HeTIHBIX SMYIbCHI

MaccoByro A0 BOIBI B MOATOTOBICHHON HedTH Opbebamckoro u
HanexxnuHckoro mectopoxkaenuit onpenenunn Merogom Juna-Crtapka B
cootBerctBun ¢ ['OCT 2477-2014 «Hedtp m HedrempomykTsl. Metox
ONpeJeNeHus] colepKaHus BoabD». [2]. PesymbraThl 3KCHepHUMeEHTa
NpUBEJICHBI B TaduLe 1.

Tabmuna 1. MaccoBast 107151 BOJibI B IPOOaxX MOATOTOBJICHHOM HedTH

Hazpanue MecTOpOXICHUS MaccoBast 107151 BOJbI, %
Opbebaluckoe
P 6,5
HapexxanHckoe
AeKA 6,0

OO0s3aTeNbHBIM ~ 3TANlOM  [IPEJBAPUTENILHON  IOATOTOBKH  HEQTH
sBisiercst  obe3BoxuBaHue. Hedtp Opbebamckoro u Hanexnunckoro
MECTOPOXKICHUNA OTHOCHUTCS K MaloOOBOAHEHHOW. Tak Kak OCHOBHBIC
TEXHOJIOTUYECKHE MPOLECChl MOATOTOBKA HE(TH aHAJOTMYHBI IO BCEH
PecniyOnnke, TO MaccoBas oy BOJBI B IIOATOTOBJICHHOW HedTH
HCCIIEyEMbIX MECTOPOKACHUN OTIMYACTCS HE3HAYUTEIBHO.

Jluteparypa

1. Bruacoe, B. I'. IloaroroBka u mepepaborka HedTeil: ydeOHOE
nocobue / B. I'. Biacos. - Bonorna: Uudpa-Umxkenepus, 2021. - 328 c.

2. TOCT 2477-2014. TocymapctBeHHBIH cTanmapt Poccuiickoit
®enepanyu. «Hed1s 1 HedTenpoaykThl. MeTos onpeaeneHus coaep KaHus
BOJIBD»

3. Menseaesa, Y. Bb. IlpukiamgHas XAMHUS: XUMHS W TEXHOJOTHS
moaroToBKH HepTH: yuebrnoe nocobue / U. b. Mensenesa, T. H. Kauaioga,
P.T. Taramesna. - Kazans: KHUTY, 2012. - 81 c.

4. CoxoinoB, B. A. Xumudeckwii coctaB He()TeH 1 MPUPOIHBIX T'a30B B
cBs3u ¢ ux npoucxoxaenneM [Teker] / B. A. Cokonos, M. A. bectyxes, T.
B. Tuxomomnosa. — M.: Henpa, 1972. - 276 c.
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MN3YYEHUE METOJ0B JOBbIYY HE®THU HA
MECTOPOXJAEHUAX PECITYBJINKHN BAIIKOPTOCTAH

Hedts — 3T0 mpupomHoe HCKomaemoe, IpeacTaBisioniee coboit
TEMHYIO, BS3KYIO JKUIKOCTh, TJIABHBIM 00pa30M COCTOSINAs W3 CIIOKHOU
CMECH YTJICBOIOPOIOB PA3IMYHBIX KIIACCOB, TAKUX Kak mapaduHbl, HAhTEHBI,
apoOMaTHYECKHE YIIIEBOIOPO/IbI, CMOJIBI U achanbTeHsl [2].

Jo6bua HedTH OpencTaBisieT COOON KOMIUIEKC B3aWMOCBSI3aHHBIX
MPOIIECCOB, HAMPABJICHHBIX HAa U3BJICUCHHUE HE(DTH U3 MO3EMHBIX 3aJICKEH U
JIOCTaBKy €€ Ha MOBEpXHOCTh 3eMiii. CKBaKHHA — TO MIAXTHOE OTBEPCTHE
WIMHAPUYECKOH (opMBI, COOpykaeMoe C TOMOLIbIO CIEHUATBLHOTO
000pyIOBaHUA. XapakTepHu3yeTcss OOJBINON JUIMHOHN (TIyOUHON) W MabIM
nquaMeTpoM. CXeMbI THIIOBBIX HE(TAHBIX CKBAXKHH N300PaXKCHBI HAa PUCYHKE
1.

BeptukanbHas HaknonHo- lopusoHTanbHas MHorocTBonbHas
CKBaXXuHa Hang C CKBaXuHa
CKBaXXvHa

i i
A X

|

25

Pucynok 1 — CXxeMbI THTIOBBIX HE(DTSHBIX CKBAYKHH

CyIIecTBYIOT JIBa OCHOBHBEIX cHoco0a 3KCIUTyaTanud He(TIHBIX
CKBaXXHMH: (POHTAHHBIA M MEXaHW3UPOBAaHHBIN. MeXaHU3UPOBAHHBIN CIIOCOO
MOJIPa3IeIIICTCsI HA KOMITPECCOPHBIN U TITyOMHHO-HACOCHBIH.

®DoHTaHHBIA cMOCO0 JOOBMU SBISIETCS Hanboyiee SKOHOMHYHBIM H
HauMeHee Tpyao3arparHbiM. OH TOpHUMEHsETCs Ha HavyallbHOM cTaauu
pa3paboTKi MECTOPOXKIEHUH, KOTJa MOIbeM HE(PTH IO YCThsl CKBAKHHBI
obecrieunBaeTCs MOTEHIMAIBHOU 3Heprueii miacrta [1].

Kommpeccopusiii crioco0 moObam He)TH OCHOBAH Ha TPHUMEHEHUH
JIOTIOTHUTEIBHOTO JaBICHHUS JJIsl TMOIHATUS HedTH W3 Iutacta. B 3ToM
METO/I€ UCIIOJIb3YETCsl KOMIIPECCOP, KOTOPBIH [T0AET CKAThIN MOy THBIH ra3
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WIA BO3JYX B 3aJIC)KU JJIS YBEIMUCHHS NABJICHUS U BHITCCHCHUS HEPTH K
ckBaxkuHe. EciM B CKBaXWHY HAarHeTaeTCsl TOMYTHBIA HEDTIHON win
MIPUPOIHEIN Ta3, TO AaHHBIA METOJ Ha3bIBaeTcd razmudrom, a B ciydae
3aKauKd BO3JyXa — APIUGTOM.

Ha cerognsmanii neHp Hamboyiee pacmpOCTpaHEHHBIM METOJIOM
no0brYM HeTH SIBIAETCS TIIyOMHHO-HACOCHBIN. CyTh METO/Ia 3aKITFOUACTCS B
TOM, 9TO B CKBXHHY OIyCKaeTCs MOPITHEBON MIIN IIEHTPOOEKHBIN HACOC, U
He(Th  TOCTCTICHHO  BBIKAYMBACTCS HA  IMOBEPXHOCTh. [ JIaBHBIM
MIPEUMYIIECTBOM TIIyOMHHO-HACOCHOTO METO/Ia SIBIISIETCSI €T0 CIIOCOOHOCTH
obOecrieunBaTh CTaOWIbHYIO M 3()()EKTUBHYIO M0OBIUY Aa)Ke NP HU3KOM
JaBlieHnd B TlacTe. B Hacrosmee Bpems okosio 75% nedcTByromux
CKBXHH B MHPE SKCIUYaTHPYIOTCS C IOMOIIBIO IITAHTOBBIX HACOCHBIX
YCTaHOBOK. B cpeHeM Ha OJTHOM MECTOPOXKICHHUU KCILTyaTHPYETCS OKOJIO
600 ckBaxkun [3].

OO0beMbl JT0OBIBaeMO He()TH C TIOMOINBIO TTYOMHHO-HACOCHOTO
METOJla Ha pa3jM4YHBIX MECTOPOXACHHSIX B PecmyOimke Bamkoprocran
MIpeCTaBICHEI B TabmuIe 1.

Ta6muua 1. O6bembl joObiBaeMoi Hedtu Pb

HasBanue MecTopoXKIeHUs O06beM n00bITOM HedTH, T/MEC
Opbebariickoe 538
Hanexauackoe 610
ApraaHckoe 2582
Kymkyneckoe 1246
YekMarymieBckoe 350

Bonee 2,9% poccuiickoit HedTH, BKIIOYas Ta30BbIN KOHJIEHCAT,
nobsiBaeTcs B bamkoprocrane. PecryOinka 3aHUMaeT 8-€ MECTO cpean
perroHoB Poccun ¢ HanbonpmmMu o0beMamu 1006191 | 1-€ MecTo 1Mo
oObemam HedTH, TocTynuBILIEl Ha nepepaboTky. Takum oOpazom,
Pecrry6immka banikoproctan BHOCHT O0JIBIIOH BKIIa/ B pa3BUTHE
HedTenoOsrun n HerenepepadoTku Poccrm. Camoe kpymHOe
MECTOpOX/IeHUE B balkupun ¢ caMbIM OOJIBIINM 00BEMOM J100BIBAEMOM
HepTH — ApIlaHCKOE, HE3HAYUTEIbHO MeHbIIe — KymKybsckoe.

Jlurepartypa

1. MopusuHoB, B. A. MeToasl 1 TEXHONIOTUU JOOBIYHM HE(DTH U rasza:
yuebHoe mocobue / B. A. Mopasunos, 1. P. FOmkos, B. /1. I'pebues. - 2-¢
n3a., crepeorw. - [lepms: ITHUITY, 2021. - C. 42-51.

2. Tynukuw, E. U. O6uas Hedrexumus: yueOHOe nmocoOue 1iisi By30B
/ E. W. Tynukun. - 3-e uzn. - CI16.: Jlans, 2021. - 320 c.

3. Ilypos, B.W. TexHOJOTHsI U TEXHUKA OOBIYM HEPTH: YICOHHK ISt
By30B / B. U. lllypos. - 2-¢ uzx. - M.: Anbsinc, 2005. - 510 c.
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ONPEAEJNEHUME COJEPKAHUS TAPA®NHOB B
OTJIO)KEHUAX CKBA’)KHHHOT'O OBOPYJOBAHMUS
PA3JIMYHBIX MECTOPOKJIEHUI PECITYBJIUKH
BAIIKOPTOCTAH

Hedbts — 5TO mpupomHas MacISHHUCTAas ToOprodas XHIKOCTH CO
Creu(pUIeCKUM 3amaxoM. XUMHUYECKHH COCTaB HE(PTH BKIIOYACT B CeOs
pa3NIMYHBIC KJIACCHl YTICBOJOPOJOB, TaKWe KaK ANKAHBI, IMKIIOATKAHEI,
QJIKEHBI, apPOMaTHYECKUE YTIIEBOJOPO/IbI, CMOJIbI achalibTeHbl U HapaduHbl
[3].

JloObua He(hTH MpeACTaBIseT COOOH KOMIUIEKC B3aHMOCBI3aHHBIX
MIPOIIECCOB, HAMPABICHHBIX Ha W3BJICUCHHUE HE(PTH U3 MTO3EMHBIX 3aJekKeH 1
JIOCTAaBKy €¢ Ha IMOBEpPXHOCTh 3emiyid. OJHON W3 MpoO0seM, BBI3BIBAIOIINX
OCIIO)KHEHHsT B  paboTe  HedTemoObIBalomero  o0OpyAOBaHUA U
TPyOOIPOBOIHBIX KOMMYHUKAITHIA, SIBIISTFOTCSI achasbTo-CMOJIO0-
napaduroBbie oTinoxkenus (ACIIO). Hakoruennme ACIIO B mpoTodHOM
4acTH  HE(PTEMPOMBICIOBOITO  O0OpYJOBaHMSA, a  TaKkKe  BHYTPHU
TPyOONPOBOJOB TPUBOIUT K COKPANICHHIO MEXKPEMOHTHOTO IMeproja
OKCIUTyaTaI[il CKBaXXHH, CHIDKCHUIO MPOU3BOJUTEIBHOCTH CHUCTEMbI WU
3(h(heKTHBHOCTH PabOTHI HACOCHBIX YCTAHOBOK.

ACTIO mnpencTaBisiOT cOO0W CIOXKHYIO YIIEBOJOPOIHYIO CMECh,
BKITIOYAIOIIYIO B CBOH COCTaB mapaduHBI, ac(halbTO-CMOJHCTHIC BEIIeCTBA
(ACB), ciuiinkaresneByro CMOIY, BOAY, Macia M MEXaHH4eCKUe IPIMECH.

IMapadunsl, cocrapistomme ot 20% mo 70% mo macce B ACIIO,
SBJSIFOTCS YTJICBOOPOJAMH METAHOBOTO Psifa, HaXOISIIUMUCS B HEPTH B
pPacTBOPEHHOM COCTOSHHH. B 3aBHCHMOCTH OT cojaepkaHHs NapaduHOB,
HePTH KIACCUPUITPYIOTCS CIEAYIOMNM 00pa3oMm:

e  ManonapaUHHCTHIC - ¢ COAepKkaHueM napaduHoB Meree 1,5%;

e mapaduHUCTEIC - C colepxkanueM napaguHoB oT 1,5% 1o 6%;

e  BrICOKONapaMHUCTHIE - C COAep)kaHIeM napaduHoB 6osee 6%.

IIpakTrka HedTeAOOBIMM Ha TNPOMBICTAX CBUICTEIBCTBYET, YTO
OCHOBHbIMHM ydacTkamu HakoruieHuss ACIIO sBASIOTCS CKBaXMHHbBIE
HACOCHI, [TOIbEMHBIC KOJIOHHBI B CKB)KHHAX, BBHIKHTHBIC JIMHUU OT CKBAXHH,
a TaKk)Ke pe3epByaphl MPOMBICIOBBIX COOPHBIX IYHKTOB.

ACTIO, obOpasyromumecs B pa3IHyHbIX CKBAXKHWHAX, OTIHMYAOTCS IPYT OT
Ipyra 10 XHWMHYECKOMY COCTaBy B 3aBHCHMOCTH OT TpPYNIIOBOTO
YIIEBOIOPOAHOTO COCTaBa JOOBIBACMOM Ha ITHX CKBaXKUHaX He(hTH. Bmecte
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C TeM, A BCEX BHJIOB OTJIOKCHHH yCTAHOBJICHAa oOpaTHas 3aBHCHMOCTH
MEXIy COJepKaHUEeM ac(alibTO-CMOJIKUCTHIX U MapaUHOBBIX KOMITIOHCHTOB!
4YeM BBIIIe A0S achanbTo-cMoaucThIX BemecTB B ACIIO, TeM HIKe B HUX
KOHIIeHTpaIus napaduHoB. JlaHHass 0cOOEHHOCTh 00YCIOBICHA XapaKTepOM
B3aMMHOTO BJIHMSHUS TapauHOB, CMOJI H ac(albTCHOB, W3HAYAJIHHO
PacTBOPEHHBIX B HE)TH, HA MOMEHT HX BBIJICJICHHS B BUJE OTJIONKeHH# [2].

OO0bekTamMm HccienoBaHus cocraBa otrioxeHuit ACIIB  sBrsmuch
mpoObBl  CO  BHYTPHUCKBRXHHHOTO  oOopymoBanus  Opbebalickoro,
Hanexxnunckoro, Apnanckoro, Kymkynsckoro u YekmarymeBcKOro
MecTopoxkaeHuit Pecyonvku bamkopTtocTan.

AHaIN3 MPeCTaBICHHBIX OTIOKEHHUH IIPOU3BOAHIICS B COOTBETCTBUH C
I'OCT 11851-2018 «Hedts. MeToap! onpeneieHus mapaGuHOBY U COCTOST
B TIPEIBAapHUTEIBHOM BBIACICHHH ac(aabTOBO-CMOJMCTHIX BEIISCTB U3
HE(DTH, UX PKCTPAKIIUH, aJCOPOIMK U TOCIEAYIONIeM BhIICICHUH mapaduHa
CMECBIO alleTOHA U TOJIyoua npu Temmeparype mutyc 20°C [1].

Conepxanne mapapuaoB B ACIIO co CKBaXHH HCCIICIYEMBIX
MECTOPOXKICHUN TpeicTaBIeHO B Tabmuie 1.

Tabmuna 1. Conep:xanne mapaduaos B ACIIO co ckBaxuH
MecTopokaeHuit Pecriybnuku bamkoproctan

HasBaHue MecTOpOXKICHHS Conepskanve napahuHoB, % Bec.

Opbeodarickoe 15,58
HapnexauHackoe 17,83
ApraHckoe 30,09
Kymikysbckoe 27,89
YekMarymieBckoe 4,77

Haubomnsmree coJiepKaHue OTJIOKECHHUH acaipTo-CMOJIO-

nmapa@UHUCTEIX ~ BEHIECTB  OOHApYKEHO  Ha  BHYTPUCKBAKHHHOM

obopynoBannu Aprnanckoro u Kymkyiasckoro MectopoxiaeHuid. Ilo
pesynprataM aHanmm3a ACIIO CKBaXWH BBISBICHO, YTO HE(Th TaHHBIX
MECTOPOXKIEHUI OTHOCHUTCS K Tapa@UHOBOMY THITY.

Jlurepartypa

1. TOCT 11851-2018. TocynmapctBeHHblii cTanmapT Poccuiickoii
Oeneparn. «Hedtb. MeToas! onpenenenus napaguHOBY.

2. I'pynHesa,

A. A, Dxcmmyaranus
CKBOXHHHOW TPOIYKIMHA HE(TAHBIX MECTOPOKICHHIA:

YCTaHOBOK  IOJATOTOBKH
KypC JEKUHUH:

yueOHoe nocobue / A. A. I'pynnesa, A. C. Huxonaituenko, 1. O. Jlamok. -

Craspomnonb: CKOVY, 2018. - 113 c.

3. Tynukun, E. U. O6mas nHedrexumus: yueOHOe mocobue 1Jisi By30B
/ E. W. Tynukus. - 3-¢ u3a. - CII6.: Jlans, 2021. - 320 c.
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OINPEJEJIEHHUE COJEPKAHUSA CMOJINCTO-ACPAJTBTOBBIX
BEHIECTB B OTJIOKEHUSIX CKBA’KMHHOI'O
OBOPYJIOBAHMS PA3JIMYHBIX MECTOPOXKJIEHUAM
PECITYBJIMKHU BAIIKOPTOCTAH

Hedts mpencrasnser coboi CIOXKHYI0 MHOTOKOMIIOHEHTHYIO CMECH.
Hapsiny ¢ OCHOBHBIMH YITIEBOJAOPOJHBIMH KOMIIOHEHTaMH, B He(TH B
MEPEMEHHBIX  KOJHMYECTBaX  IPUCYTCTBYIOT  pa3iM4YHBIE  T'PYIIIIBI
reTepOaTOMHBIX COeANHEHHUH, 00bEANHACMBIX OOIIIUM TEPMUHOM CMOJIHUCTO-
acdabpToBbIe BEILECTBA (CAB). ITpn [IEPETOHKE HedTn
BBICOKOMOJICKYJISIDHBIE ~ CMOJBI ~ HE  MEepeXoisIT B JUCTUILUIATHI,
KOHLEHTPUPYSICh B TSDKENBIX HE(TSIHBIX OCTaTKax - I'yAPOHAaX M OUTyMax.
CorylacHO OOWIENTPUHATON KiIaccH(UKAINK, CyIIECTBYET CJIETYIONINE BUIBI
CAB B HedTH: HEHTpaNbHBIE CMOJBI, ac(anbTeHbl; KapOeHBl U KapOOUIbI;
acaybTOreHOBbIE KUCIOTHI M MX aHTUAPHIBL.

Haubonpmiee  comepkaHme  CMOJMCTO-ac(allbTOBBIX  BEIIECTB
XapakTepHO JuIi MoJoAbIX HedrTedl HadTeHO-apOMaTHYECKOTO WIH
apoMaTH4ecKkoro ocHoBaHus. B takoil Hetu noist CAB moxer nocturarh
10 50%. K aroit rpynme otHocstest HedTn Kazaxcrana, Pecriyonuku Komu,
a Takke He(hTh HEKOTOPBIX MECTOPOKICHUH bamkoprocraHa.

B poTHBOIOI0KHOCTD UM, CTapble NapadUHUCTbIE HEPTH METAHOBOTO
THIIA, KaK TIPaBUIIO, COJEPKAT 3HAYUTEIIHHO MEHBIIIee KOJIMYECTBO CMOJI - OT
COTBIX jgoner 1o 2-4% (manpumep, HedTh CypaxaHckoro, J1occopcKoro u
bubu-AnGaTcKOro MeCcTOpOXKAEHHWH), IpH JTOM B JaHHOH HepTH
OTCYTCTBYIOT ac(aJIbTEeHBI.

B memoM, HepTh 1O COAEPKAHUIO CMOJMCTO-ac(anrbTOBBIX
KOMIIOHEHTOB ~MOYXHO YCJIOBHO pa3[eJuTb Ha TPU KaTErOpUH:
Manocmouuctas (¢ moneit CAB mo 5%), cmomucras (comepkanne CAB ot 5
10 15%) u BeicokocMmorucTas (¢ goneit CAB ceiie 15%).

Monekymnsapras macca CAB koneGmercst B IIMPOKHUX Mpenienax, 4To
o0yclaBmuBaeT pazIMYHYI0 WX PACTBOPUMOCTH B  OPTaHWYECKHX
pacTBOpUTENAX. OITO TO3BOJSIET Ppa3AeNATh CMOJNBI Ha TPYIOBl II0
PacTBOPUMOCTH M MOJEKYJsIpHOH Macce. Kpome Toro, o6manast BEICOKMMHU
MONAPHBIMH CBOMCTBAMH, CMOJBI JIETKO COPOMPYIOTCS ITOBEPXHOCTHO-
aKTHBHBIMH BEIIECTBAMH, TaKUMU KaK CHJIHMKArelb, OKCHI AaTIOMUHMS,
AFOMOCHITHKATHI U 1p. [2].
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OObeKkTaMH HCCIIEOBaHUS cocTaBa ac(anbTo-cMOJIO-NapadHHOBBIX
orinoxxenndd  (ACIIO)  sBnsmuch  TpoOBI €O BHYTPUCKBa)KMHHOTO

000py10BaHUS Opsebarickoro, Hanexxnunckoro, ApnaHckoro,
Kymkyiabckoro u  UekMarymeBcKOro MecTopokaeHui PecrmyGnuku
bawmkoprocran.

AHaIN3 MPeICTaBICHHBIX OTJIOKEHUH IIPOU3BOAMIICS B COOTBETCTBUH C
TI'OCT 11858-66 «Hedts. MeTon omnpesneneHuss coaepkaHus achaibToBO-
CMOJIFICTHIX BEHIeCTB». MeTo/ 3aKiIrodaeTcs B BBIACICHNH ac(halbTeHOB H-
TeNITaHOM WIIH ITEeTPOJICHHBIM d(HPOM U3 HE(TH 1 MOCIETYIOIEM OTACTICHUN
ux QuabTpanmei. CMOJIBI, PACTBOPEHHBIC B QIUIBTpATE, aAcOpOUPYIOTCS Ha
CHJTMIKareJie M 3aTeM JIECOPOMPYIOTCS CITUPTO-TOJYyOJBHOM cMechio [1].

Conepxanne achamprenoB U cMoil B ACIIO co CKBaKHHHOTO
000pyOBaHUs UCCIIEYEMBIX MECTOPOKACHHH MPEICTaBIeHO B Tabauue 1.

Tabnuna 1. Cogepxanue achaabTeHOB U CMOJI B OTJIOKEHHUS CKBAKUHHOTO
000pymoBaHusi MecTopoxaeHuil Pecniyonnku barkoprocran

HazBanue ConeprxaHue cMOJI, Conepmxanue
MECTOPOXKICHUS % Bec. acdanbrenos, % Bec.
Opbebarickoe 14,39 1,64
HapexnuHackoe 9,62 3,86
AprnaHckoe 11,53 2,83
Kymkysibckoe 17,15 2,53
YekmMarymeBckoe 8,48 0,42

Hawubomnbmree conepxanue OTIOKEHUH ac(aabTo-CMOJIO-
napa(uHOBOTO THIIA OOHAPYKEHO Ha BHYTPUCKBAXKMHHOM 000pYJOBaHUU
Kymkynbckoro u Opbebanickoro MectoposkaeHuii. CormacHo
oOmenpuHATOH Kiaccudukanun ykazanaoie ACIIB otHOcsTCS K cMOaHCTO-
acanbTeHOBOMY THUITY OTJIOKEHHH.

Jlurepartypa

1. TOCT 11858-66. TocymapcTBeHHBIH CcTaHmapT Poccuiickoi
Oeneparn. «Hedts. Mertox ompeneneHusi coluepikaHus ac(allbTOBO-
CMOJIFICTBIX BEII[ECTBY.

2. Mycaes, I'.A. KomiuiekcHoe uccienoBaHue (U3MKO-XUMUYECKUX
CBOHCTB acdanbTeHOB W3 HedTell W mpupogHoro Outyma KazaxcraHa:
JauccepTauys ... KaHaugarta xumuueckux Hayk: 05.17.07. - I'ypees, 1983. -
168 c.

3. Tynukun, E. U. O6mas nHedrexumus: yueOHOe mocobue 1Jsi By30B
/ E. W. Tynukun. - 3-e uzn. - CI16.: Jlans, 2021. - 320 c.
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OMNPEJIEJTEHUE MACCOBOM KOHIIEHTPAIIUY KATUOHOB B
HE®TEITPOMBICJIOBOM BOJE OPBLEBAIIICKOI'O 1
HAJIEXKIUHCKOI'O MECTOPOJKJIEHUI PECITYBJINKA
BAIIKOPTOCTAH

[TmacToBble BOIBI, CONMPOBOXKAAIOIINE HE(PTIHBIE MECTOPOXKICHUS,
HaxoJATCs TMO0 HETIOCPEACTBEHHO B IIacTaxX, coJepkanx HedTh Win ras,
100 B OTJENBHBIX BOJOHOCHBIX FOPU30HTAX. B IepBOM ciryuae I1acTOBBIE
BOJIbl PAcCIIOJaraloTCcsl HWKE HEPTSHBIX CKOIUICHHH B HHU3MHHBIX YacTsX
KOJIJIEKTOpoB. Bo BTOpOM cilyuyae BOJOHOCHBIC IIACTBI HE CBSI3aHBI C
MPOJYKTUBHBIMH 3aJI)KaMU M HAXOASATCS BBILIE MM HIKE HUX.

B  HedrenoObIBaromieli  NPOMBIIUICHHOCTH  IUIACTOBBIE  BOJIBI
MOApa3eNAIOTCd Ha HANOpHBIE W TexHW4eckue. OcoOyro KaTeropuro
MOA3EMHBIX BOJI COCTaBJIAIOT HEHAIOpHBIE I'PYHTOBBIE BOJIBI, KOTOpPHIE, B
OTIMYMe  OT  IUIACTOBBIX  BOA,  SIBISIIOTCS ~ NPECHBIMH  WIH
c1a00MUHEPaIN30BaHHBIMHI. DTH BOABI BCTPEYAIOTCS TOJIBKO B HETIIyOOKHX
CJIOSIX 3eMHOU KopbI [2].

MuHepanu3aiys MoI3eMHBIX BOJ] Pa3IMYHBIMHU CONSAMHU U 3JIEMEHTaMH
MPOUCXO/IHUT B ITPOIIECCE UX B3aUMOICHCTBUS C TOPHBIMU IIOPOIaMH, HE(ThEO
u TazoM. Bricokue TemIepaTypsl, KaTaJUTHYEeCKHE CBOWCTBA IMOPON U
MHUKPOOHOJIOTHYECKHE MPOIECCHI CIOCOOCTBYIOT ATOMY IIPOIIECCY.

[TiactoBbie BO/bI B HEYTSIHBIX MECTOPOXKICHUSIX COAEPIKAT MHOXKECTBO
XUMHYECKHX JJIEMEHTOB, CPEIN KOTOPHIX MpeoOiafaroT HATpWi, Kaiuii,
MAarHuii, KanbLuii, xKeae30, aTlOMUHHN, KpEMHUH, KUCIIOPOJ, XJIOP, YIIIEPOJ,
cepy, a30T, BOJIOpOJ, OPOM M HoJ. DTH 3J€MEHTHI IPUCYTCTBYIOT B BOJIC B
BUJIE COJIeH, 00pa30BaHHBIX Pa3IMYHBIMU KUCIOTAMU!

—  comstnoii (NaCl, KCl, MgCl,, CaCly);

—  cepnoit (CaSO4, MgSO4, N2 S0s);

- erJILHOﬁ (NaZCOS, NaHC03, KzCOs, KHCOa, Ca003, M9003);
—  cepoBogopoaHnoii (FeS, CaS).

Kpowme comnei, mmacToBbIe BOABI TAKXKE COAEPIKAT PACTBOPECHHBIE T'a3Hl,
B OCHOBHOM a30T, YTJIEKHCIBIH Ta3 M CEepoBOAOPOJ. MuHepaau3anus
IUIACTOBBIX BOZA OOBIYHO BBICOKAs, a HMX COCTaB IPEUMYIIECTBEHHO
XJIOPHIHO-HATPHUEBBIH, XJIOPUAHO-KAIBIMEBBI WM THIPOKapOOHATHO-
Hatpuesslii [3].
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MaccoByo KoHleHTpanuio katnonos Ca2*, Mg?*, Na*, K* onpenensiu
B HehTENpOMBICIOBOH BoAe ABYX MecCTOpoxkaeHuit  PecmyGmuku
Bamkoprocran: Opsebamickoro u  HanesxamHckoro.  AHamu3 — BOJBI
npousBogwics B coorBercTBur ¢ ['OCT 31869-2012 «Boma. Metoast
OTIpE/ICNICHUsI COJICPKAHMS KATHOHOB (aMMOHHS, Oapus, Kamus, KalbIus,
JUTHSA, MarHHs, HATpUs, CTPOHLMSA) C HCIOJIB30BAaHUEM KaIMUIIPHOTO
anekTpodopesay. MeToasl OCHOBAHEI Ha Pa3/IeIeHHN KaTHOHOB BCIICICTBHE
Pa3IMYMHA UX IEKTPOPOPETHIECKOH MOABIKHOCTH B MPOLECCe MHUTPALUH
0  KBAapUeBOMY KaWULIPYy B  DIEKTPOJIHMTE IOA  JACHCTBHEM
ANIEKTPOCTATHYECKOTO TIOJISL € MOCICIYIOWIeH perucTpanyeii pasHUIEL
ONTHYECKOTO  MOTJIOIICHUS  OJJIEKTPOJIUTOM M KaTHOHaMH B
yabpTpaduoIeToBOit 06mactu criektpa [1].

CojnepxaHue KaTHOHOB B HE()TEIPOMBICIOBOH BOJIE HCCIEIYEMbIX
MECTOPOXK/ICHUI Npe/icTaBlIeHo B Tabuuue 1.

Tabnuna 1. Coaepxanne KaTHOHOB B HE(PTEIIPOMBICIIOBOI BOJIE
Opbebaickoro u HanesxxanHckoro Mecropoxaenuii Pb

MaccoBas MaccoBas
MaccoBas
Ha3zBanne KOHIICHTPAlUs | KOHIICHTPAIH
KOHIICHTPAIUS

MECTOPOXKICHUS 3 MarHusi, KaJusl U HaTpws,

KaJbIUs1, MI/IM 3 3

MI/IM MT/IM

Opbebamickoe 8350 2100 58827

Hanexnuackoe 14550 3150 93004

Hawubomnbmree copepxanue KaTHOHOB OOHAPYKEHO B IIPOMBICIIOBOH
Boste Hanexxanuckoro mecropoxaenusi. CoryacHO Kiaccu(UKaIy BOA 10
B.A. CynuHy UOpOMBICIOBBIE BOJbl HCCIEAYEMBIX MECTOPOXKACHUN
OTHOCSATCS K MOATPYMNIE KaJbLUEBBIX BOJ, MOTOMY YTO COOTHOIICHHE
MaccoBoii 1o noHos Ca?* k maccoBoii fone Mg?* B 0601X clydasx MeHbIIe
€IMHUIIBL.
Jlurepartypa

1. TOCT 31869-2012. TocymapcTBeHHBIH cTaHmapT Poccuiickoit
Oenepaunn. «Boma. MeTonpl  ompeneneHuss coAep)kKaHUS  KaTHOHOB
(amMMoHMs, Oapws, Kaius, KajdbLus, JUTHS, MarHus, HaTPUs, CTPOHLUS) C
UCTIONIb30BAHHEM KaITMILUIIPHOTO 3IIEKTPOdope3ar.

2. Mareppamos, A. M. Hedrexumus u HedrenepepaboTka: yueOHUK
JUTS BBICIIMX Y4eOHBIX 3aBeneHuit / A. M. Mareppamos, P. A. Axmenosa, H.
@. AxmenoBa — baky: baksl Yauepcureru, 2009. — 660 c.

3. bypmemb, T.A. Xumust HedTH, rasza u miactoBsix Boj [Teker] :
[Yuebnuk mist HeT. TEXHUKYMOB]. - 2-¢ U3, nepepad. u qom. — M.: Henpa,
1978.-279 c.

224



CuskoBa I'. A., CanbankoBa A.C.
b® YVYHuT, r. bupck, Pb

Cusxosa I. A., k.x.n., doyenm
anastasia.salnikova27@mail.ru

OINIPEJIEJTEHUE MACCOBOM KOHIIEHTPAIITUY AHUOHOB B
HE®TEITPOMBICJIOBOM BOJE OPBEBAIIICKOI'O U
HAJIEXKIUHCKOI'O MECTOPOJKJIEHUI PECITYBJINKA
BAIIKOPTOCTAH

Bona - HeoTbeMIIeMBIH CIyTHHK HeTH M ras3a, B MECTOPOXKICHHU
3aJieraeT B TeX JKe IUIacTax, 4TO U He(TsHas WU ra30Bas 3aJIeXkKb, a TAKKE B
COOCTBEHHBIX BOJIOHOCHBIX IUIacTax (ropu3oHTax). B mpouecce pa3paborku
MECTOPOXKIACHNA BOJa MOXKET BHEAPATHCA B He(bT)IHyIO WJIK Ta30BY1O 3aJICKb,
MPpOABUTAACH T10 Heq)TeFa?,OHOCHOMy IJ1aCTy, WK MOCTYNaTh B CKBAXKUHBI U3
ApYyrux BOJOHOCHBIX T'OPU30OHTOB. B 3aBHUCHMOCTH OT TIOJOXKECHUS
MOJA3CMHBIX BOJ OTHOCHUTCJIIBHO He(bTeHOCHI)IX TOPHU30HTOB ux
HOJPa3ACIAIOT HAa HECKONBKO Pa3HOBUIHOCTEH: IUIACTOBBIC, BEPXHUE H
HIDKHUE, TOrpeOCHHBIE MM PEIMKTOBBIe Boabl [2]. Cxema knaccudukanum
BOJIbI HE()TSIHBIX MECTOPOXKACHHMI NPE/ICTAaBIICHA Ha PUCYHKeE 1.

[ Boas HedTAMBIX (r ) mecT i l

| rextonmueckan | L‘rmmnnn ]

edraHora
rasoBoro) nnacra

HenpogyxTHeHoro
BOQOHOCHOID NNacTa

[Bll)‘TPII iaaemll Ijllh‘uln)’plmn] IKPaenaw Huxmml [Kpaeu- P P I

I_npouexyrmﬂ Iac-ram-mnd I_Temmteunan_]

PucyHok 1 — Cxema kiaccu(uKauy BoIsl HEPTIHBIX MECTOPOKICHHUI

IToa XUMUYECKUM COCTaBOM BOJIBI TOHUMAIOT HATMYHE PACTBOPEHHBIX
B Hell XUMHYeCKHX BenecTB. CyIIeCTBYET Psii XUMHYCCKIX Kiaccupukanuit
nomzemubix Boxa: mo C.A. Illykapey, O.A. Anexuny, Y. Ilamemepy, B.U.
Bepuanckomy u ap. Cpeau He(hTSHUKOB oOOImIee MPH3HAHUE MONYYUIIa
knaccudukanus B.A. Cynuna. OHa OCHOBaHa Ha TEHETHYECKOM MPUHIIHIIE,
COIJIACHO KOTOPOMY (hOpMHUpPOBaHHE XUMHUUYECKOTO COCTaBa BOJI IIPOUCXOAUT
B ONPEACTCHHBIX IPHPOIHBIX YCIOBUSX (KOHTHHEHTANBHBIX, MOPCKHX,
TyOWHHBIX) U BCJICACTBHE MPOIIECCOB B3aUMOICHUCTBHS BOJ] C TOPOAAMU WU
BOJ Pa3IMYHOTO TEHe3nca Mexay coboi. Ilpu 3TOM TPOUCXOAWUT WX
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OGOFaHIeHI/Ie CHGHI/I(i)I/I‘{eCKI/IMI/I KoMnoHeHTamu. Ilo atoit KJ'IaCCI/I(l)I/IKaHI/II/I

BOJABI TONPA3NENIAIOTCA HAa 4YEThIpe TUMA: CYyJIb(haTHO-HATPUCBBIC,
THIPOKAapOOHATHO-HATPHUEBBIC,  XJIOPHIHO-MAarHUEBHIE W XJIOPUIHO-
kanpuueBble.  [IpuHamIeXHOCTH  BOIBI K  ONPEACTICHHOMY  THILY

YCTaHABIMBAETCSl COOTHOLICHUEM KOHIICHTPALUS OTACIbHBIX HOHOB JPYT K
apyry [1].

MaccoByro koHIeHTpanuio annoHoB C1~,S0;~, HC O3 onpenemnsui B
HedTeTpoMBICIOBOM Bose Opredarickoro n HamexanHCKOro
MecTopoxaeHuid PecyOnuku bamkoproctan. AHamu3 BOJIBI POM3BOIIIICS
0 METOIMKE Ha OCHOBaHUH PykoBozsmero mokymenrta 39-23-1055-84
«MHCTpYKIMS 10 METOAaM aHaH3a MUHEPATBHOTO COCTaBa IJIACTOBBIX BOJI
U OTJIOXEHUsI COJIei». MeTo/Ibl OCHOBaHbI HA THTPUMETPHYCCKOM aHAIHN3Ee

mpo0O IPOMBICTIOBOH BOIBI HCCIICIYEMBIX MeCTOpOXaeHuH [3].
ConeprkaHre aHHOHOB B He(pTEIIPOMBICIOBOH Boje Opbedamickoro u
HamexauHCKOro MECTOPOXKICHUHN MPeCTaBIeHO B Tabmuie 1.
Tabmuma 1. CongepikaHne aHHOHOB B HE()TEIIPOMEICIIOBOIT BOZIE
Opbebaiuckoro u HanexxanHackoro Mmecropoxaenuii Pb

MaccoBas MaccoBas Maccosas
Ha3zBanune KOHIIEHTpAIUsl | KOHIEHTpaIus KOHIICHTPAIHSI
MECTOPOXKICHUS XIJIOPHUJIOB, Cynb(aroB, THIPOKapOOHATOB,
mr/am3 mr/am3 mr/am3
Opbebanickoe 106650 1148 503
Hanexnuackoe 171450 1034 156
Haubonpiiee cymmapHoe cojaepKaHHe KAaTHOHOB OOHApyKEHO B
MpoMBICIIOBOM  Boge  HamexmuHckoro — mecropoxaeHus.  CormacHo

kiaccupukanuu Boas! Mo B.A. CynuHy mpOMBICIOBBIE BOABI HCCIIETyEMbIX
MECTOPOXICHUI OTHOCATCA K TpyNIe XJOPHOHBIX BOA, TaK Kak
COOTHOIICHHE MACCOBOH JONH CyIb(aT-aHHOHOB (SOZ™) K MaccoBoit mone
XJ0pua-aHHOHOB (C1™) B 000MX ciTydasx MEHbIIE ¢JHHHILIBI.

Jluteparypa

1. Bypasms, T.A. Xumus HedTH, Ta3a W IIACTOBRIX Box [Tekcr]:
[Yuebnuk it HeT. TEXHUKYMOB]. - 2-€ u311., mepepad. u pom. — M.: Henpa,
1978.-279 c.

2. Tynukun E. U. O6mas Hedrexumus: yueOHOe Tocodue st By30B /
E. U. Tynukus. — 3-¢ uz3a. — CII0.: Jlans, 2021. — 320 c.

3. PO 39-23-1055-84. MUuHcTpykuuss 1O METOJaM  aHaIH3a
MHUHEPaJIBHOIO COCTaBa IUIACTOBBIX BOJ M OTJOXKEHHS COJIel: YTB.
Munnedrenpom CCCP 11.04.1984: nara BBenmenms 15.05.1984//CIIC
«Koncynprantlnroc» (mata oopamenus: 17.04.2024).
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HCCJIEJOBAHUE COPEIIMOHHOM CITIOCOBHOCTH
BEHTOHUTOBOM I''TAHBI, MOAU®UITAPOBAHHOM
NOJUITUIEHTJIMKOJEM IO OTHOLWMEHWIO K MOHAM Zn?
CIIEKTPO®OTOMETPUYECKUM METOJOM

3arps3HEHNE BOJHOM CpeAbl MOHAMH TSDKEIBIX METaJUIOB SBISETCS
aKTyaJbHOM  JKOJIOTMYECKOH  mpobiemoi, TpeOyromed  pa3paboTku
9(Q(EKTUBHBIX METOJOB OYHMCTKM BOjAbl. OIHMM U3 NEPCIEKTHBHBIX
HanpaBjIeHUH B OJTOW 0ONACTH SIBJISETCS MCIOJB30BaHUE IPHPOIHBIX
MaTepHajioB, TaKUX Kak OEHTOHHTOBas TJHHA, B KadeCTBE OCHOBBI IJIs
cozmanusi copOenroB [3]. MuHepanoruueckuii ¥ XHMHYECKHH COCTaB
OCHTOHHMTOB 3aBHCUT OT MECTOPOXKACHHH, M Te TJIMHBI, YTO JOOBIBAIOTCS B
P®, 0061aga0T HEBBICOKOW copOIHoHHON crocobHocthio [1]. Tloatomy
BO)XHOW 3a/iaueil sBISETCS IOWCK METOJOB YIYUIIEHHS 3THX CBOWCTB
MOCPE/ICTBOM HCTIBITAHUS HOBBIX MOJU()UKATOPOB.

UccrenoBanucy o0pa3nel HAaTUBHON OeHTOHMTOBOW TimHBI (BI)
Buknsuckoro Mecropoxnenust (Pecry6nuka Tarapcran), comepikainye B
cBoeM coctase ~ 60% MOHTMOPUIIOHHTOBOTO KOMITOHEHTa [2].

Momudunuposanre BI' mpoBoamiu npu HECKOIbKUX KOHIICHTPAIUSIX
moaudpukaropa: 1%, 2% u 5% pactopsl nonuatineHraukoss (I1900).

HccrnenoBanue mporecca copOIMHM NPOBOAMIOCH B CTATHYECKHX
ycnosusx. Cop6ius noHoB ZN%* BLINONHAIACH CMellBaHueM 1 T copOenTa
¢ 100 cm® BotHOTO pacTBOpa COJM MeTalIa ¢ H3BECTHOMN KOHLIEHTpaluei (2—
10 mMr/nm*) ipu mocToSHHOI TemriepaType. PaBHOBeCcHOE BpeMs cOCTaBIISLIO
20 muHyT. OTO0P NPOO6 NMpou3BOAMICS Kaxkable 30 MUHYT JUIsl ONpe/ieIeHHs
CoJIepKaHusi MeTalyla B pacTBope. MaccoBast KOHIEHTpalus MOHOB Zn2
oTpeziessiIach CreKTpo(OTOMETPHIECKHM METOJIOM.

C 1enpro yCTaHOBJICHUS BIMSHHS KOHLIEHTpauuu Moaudukaropa [191°
Ha cOpOIMOHHBIE XapakTepucThku Bl B mpoleccax u3BieueHns MOHOB Zn2
uccienoBanus ObuM mpoBeensl ¢ bIT, momuduuposannoii 1%, 2% u 5%
pactBopamu moiaumepa. Kak BuaHO U3 prcyHKa 1 (@), cTereHs U3BICUCHUSI
MOHOB ZN?* M3 BOJHBIX PACTBOPOB IIPH IIOBHILEHUH KOHIEHTPALMH
noJiMMepa-MoanQuKaTopa yBenuauBaetcs HesHauntensHo (80-85%). B
CBSI3M C 3TUM [JalbHEHINNE HCCICIOBAaHMS IPOBEAEHBI C OCHTOHHTOBOM
rHOHM, MomuduupoBanHod 1% TIOI, 9TO sABISETCS SKOHOMHYECKH
11e7IeCO00pa3HBIM.
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Pucynox 1 — Baustane xoHnenTpanuu mogudukaropa (I190) (a) u
BpeMeHH (6) Ha CTeleHb U3BIeUeHUs MOHOB ZN%*
CopOuust MoHOB ZN?* MOIM(HUIMPOBAHHOM TIIMHO B 3aBHCUMOCTH OT
BPEeMCHM KOHTaKTa PearcHTOB OblIa HM3y4eHa mpu TemmepaTrype 25°C B
untepsaiie ot 0 1o 180 muH ¢ marom 30 MuH.

U3 pucynka 1 (6) crnemyer, uto agcopOuus HccleayeMbIX HOHOB ZNn%*
CHayasa BO3pacTaeT, a IOTOM OCTAaeTCs MOCTOSTHHOM. DTO OOBSCHAETCS TEM,
YTO TIePBOHAYAIBHO BCE y4acTH aqcopOeHTa ObUIM CBOOOAHBI M IPAJUCHT
KOHIIGHTPAI[MN PacTBOPEHHOTO BemiecTBa ObLT BhICOKHI. C yBeTHYCHHEM
BpeMeHM KOHTaKTa 10 180 MuH HOHEI Zn?* yke He acopOUpYIOTCS, TO eCTh
MIPOMCXOJIUT «HACHIIIEHNE» COpOEHTa.

BoiBoabl. BriepBble cuHTE3MpOBaH cOPOEHT HA OCHOBE OEHTOHHTOBON
rimHbL, MoaudunupoBanHoil [101. [TomydeHHBI KOMIO3HTHBIA MaTepHal
sBIsieTCsT 3(QGEKTUBHBIM COPOCHTOM JUIS M3BJICYEHUS HOHOB TSKEIBIX
METaJJIOB U3 BOJBI.

Jlurepartypa

1. Benoycos ILE., Kpynckas B.B. / benronurossie rimusl Poccun n
cTpaH OnmxHero 3apy0exss // ['eopecypest. 2019 T. 21, Ne 3 C. 79-90.

2. CaburoB, A. A. MecropoxaeHusi OCHTOHHTOB PecmyOsmku
TatapcTtaH: TeosIorus u TeHe3Nc, HAPaBJICHHUS UCTIOIB30BaHMA ChIphs / A. A.
Cabwuros // T'eopecycpenl. — 2015, — Ne4 (63). — C. 38-43.

3. Tapaceruy, 0. 1. (1975). AncopOuus Ha TIIMHUCTHIX MHUHEpAaIaXx.
Kues: HaykoBa [lymka, 351 c.
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CPABHUMTEJIbHBIN AHAJIN3 MOTOPHBIX MACEJI IO
OTAEJBHBIM ®N3NKO-XUMHNYECKHUM ITOKA3ATEJISIM

CpaBHHUTENBHBIA aHAJIH3 MOTOPHBIX Macell IO OTACIBHBIM (DHU3HKO-
XUMHYECKIM TTOKA3aTeIsAM SBILICTCS BaKHBIM MHCTPYMEHTOM ISl OLICHKH
KagecTBa M IPOM3BONUTECIBFHOCTH Macell, a Takke BbeIOOpa Hamboiee
MOJXOAAIIEr0 NPOAYKTA Ul KOHKPETHOTO JIBUTATEs.

B naHHO# paboTe mpuBelNeHbI pe3ybTaThl UCCIIEI0BAHUI MOTOPHBIX
Mace pa3uIHON MPUPOIbI (MUHEPAIbHOE M CHHTETHYECKOE ) 10 OTIEIHHBIM
(DU3MKO-XUMUYECKUM TIOKa3aTesM.

OObeKkTaMHu  UCCJEIOBaHMS BBIOPaHBl MOTOPHBIE Macia Mapok:
OILRIGHT SAE 80W-90 (munepamsroe macno) u Castrol MAGNATEC
5W-40 (cuHTeTHYECKOE MACIIO).

BaxxHpIMH ~ XapaKTepUCTHKAMH  MOTOPHBIX ~ Macel  SBIISIOTCS:
IUIOTHOCTh, KUHEMATHUYEeCKasl U TUHAMUYCHCKAs BA3KOCTh, HOIHOE YHCIIO,
KHCJIOTHOE YHCIIO, COACPIKaHUE BOABI K MEXaHIMUECKUX TIPUMECEH.

PesymbraThl  WCClIeOBAaHWIA  IUIOTHOCTH W BS3KOCTH  Macel
IpezcTaBIeHbI B Tabmwme 1.

Tabmuma 1.
DU3UKO-XMMUYECKHE TI0KA3aTEI MOTOPHBIX Macel
[Tokazarenu Mapka macen
OILRIGHT SAE Castrol MAGNATEC
ITnoTHOCTD, KI/M® 914,7 878,4
KuHemarnyeckast
BS3KOCTB, MM?/C? 148,97 75,88
JvnHnamuueckas

BA3KOCTB, MITaxc 132,5 64,6

TToka3arenu MIOTHOCTH, KHHEMATHYECKOH M JUHAMHYECKON BSI3KOCTH
macia mapku OILRIGHT SAE HeckoybKo BBbIIIE 10 CPAaBHEHHIO C MacioM
Castrol MAGNATEC, 4ro, BEpPOSATHO, MOXHO OOBACHUTH XUMHYECKUM
COCTAaBOM Macell, KOTOPOE OIMPEICIIICTCS Pa3InIHbIM MPOUCXOXKICHHUEM.
MuHepaibHBle Macia [OJy4aroT W3 Ma3yTa, KOTOPBIA IIOABEPTaOT
BaKyyMHOU IIEPETOHKE, B PE3yJIbTATE MMOJIyYAIOTCS MACIITHBIC JUCTHIUIATHI U
nonyryapon. CHHTETHYECKHE Maciia CHHTEC3UPYIOT Pa3IMYHBIMH METOJIaMU
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(mporiecc KaTAJIMTHUYECKOM TMONUMEPHU3AIlMA SKHUIKAX M Tra3000pa3HbIX
YIJIEBOJOPOJOB  HEMTAHOTO  CBHIPbS, CHHTE3 KPEMHHUHOPTraHUYECKHX
COEIMHEHU T MOJIMCUITUKOHOB, MOJyYeHHe PTOPYTIIEPOTHBIX MACe).

3HaueHus HOIHOTO YKCIIAa B UCCIEAYEMbIX MAacjiaX PaBHBI HYJIIO, Y4TO
yKa3bIBAET HA OTCYTCTBHE HEMPEIEIBHBIX YIIIEBOIOPOIOB.

KuciiotHoe 4YMCIIO B MHUHEpalbHOM MAacClie HAaxXOIWTCS B Mpelenax
3ragennit 0,02-0,03 mr KOH Ha 1 r Macna, a B CHHTETHYECKOM Maclie paBHO
0. IMonyueHHbIE PE3yNbTATHl CBHACTEIBCTBYIOT 00 OTCYTCTBUH MPOIYKTOB
OKHCJICHUS B IAHHBIX Macliax.

Bosma U MexaHWuYecKHe MPUMECH B Macie BIMSAIOT HA TEXHHYECKOE
COCTOSIHHE Y3J7I0B TpeHusi. [IpuCyTCTBHE BOABI B MOTOPHBIX Macjiax HE
JOITYCKacTCA CTaHAapTaMUu U HOPMATHBHBIMU JOKYMEHTaMH, a UMCHHO (C
YYETOM TOYHOCTH U3MEPEHHUH) OMYCKAETCs HAJTMYKE CIIEI0B BOJIBI HE OoJtee
0,03%. B uccnenyembix o0pasiiax Maces BJIar 1 MEXaHUYEeCKUX MpUMeceit
HE 00HAPYKEHO.

Takum 00pa3oM, B paboTe yCTaHOBJCHO, YTO OCHOBHBIMH OTIHYUSIMH
M3YYCHHBIX Macell ABIACTCA UX 6330Ba§1 OCHOBA, YTO ABJIACTCA HpH‘-IHHOﬁ
pa3nuuuii B ux QU3NKO-XUMHUYECKUX MOKA3aTENsX.

Jlutepatypa

1. TOCT 2070-82. «Meronmsl ompeneneHUs WONHBIX YHCET W
COJIeprKaHMs HENPEIEIBHBIX YTIIEBOIOPOIOBY

2. TOCT 2477-2014. «Hedts u HedTempoayktel. MeTon
OIIpEEeTICHUS COJICPIKAHHS BOJBD)

3. TOCT 32328-2013. «OmpeneneHue KHUCIOTHOIO U IISIOYHOTO
YHCeJl TATPOBAHUEM C IIBETHBIM HHIIUKATOPOMY

4. TOCT 33-2016. «Hedts wm nedrenponykrsl. Ilpospaunbie u
Henpo3pavHbie KuAKocTH. OnpeesieHne KHHEMAaTHIECKON U IMHAMUYECKO I
BSI3KOCTI

5. TOCT 3900-2022. «Hedts u HedpTenmpomykTsl. MeToasl
OTIpeIeTICHUS] TUIOTHOCTH»

6. T'OCT 6370-83. «Hed1p, HepTEenporyKThl M TpHcaaku Merton
OTIpe/IeTICHUs] MEXaHWYECKUX TPUMeceii
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PA3PABOTKA TEXHOJIOI'MX NOJYYEHUSA KHCJIOPOJHOT O
OTBEJIUBATEJISI HA OCHOBE IIEPKAPBOHATA HATPUS

AHHoTauusi. B maHHO# cTatbe aBTOpamMH ommcaHa paborta 10
pa3paboTKe  TEXHOJIOTHMHM  IOJMY4YeHHS  CTaOWIBHOTO  KHCIIOPOJHOTO
oTOeNMBaTENsI Ha OCHOBE NEepKapOOHATa HATPHA C BBHICOKHM COJEpPKaHHEM
AaKTUBHOTO KHCJIOPOAA W C AJUTEIbHBIM CPOKOM XpaHeHHs. B pesyinbrarte
WCCIIEIOBaHUsI  MPEUIOKEH  OJHOCTAJAMMHBIN  CHHTE3  CTaOWJIBHOTO
KHCJIOPOJHOT'O OTOENMBATEIIS, FOTOBOI'O K KOMMEPUYECKOH peaiu3anuni.

KiroueBble ciaoBa: kapOoHaT HaTpus, MEPOKCHA BOAOPOAA,
cTabmIN3aTOpP-aKTUBATOD, nepkapooHaT HaTpus, KHCIIOPOIHBIN
0TOeNuBaTEb.

Kucnopomuerii  orbemuBarens ['OCT 32478-2013 [1], oH xe
nepkapbornar  Hatpus  (Nap,COz-1.5H»O0;)  mpencraBmsser  coboit
KPHUCTAJUTMYECKOE  TOPOLIKOOOpa3HOE  BEIIECTBO C  OECIBETHBIMH
KpHucTaaMy. Vcrons3yercs A1l MPOU3BOACTBA CTHPAIBHBIX MTOPOIIKOB U
CPEACTB JUIA IIOCYJJOMOEYHBIX MAIlMH, B KadecTBE OTOEIMBAIOIIETO
KOMIIOHEHTa IpU NPOM3BOJCTBE MOIOIIUX CPEICTB M CPEACTB C
aHTUOAKTEpHAJIbHBIM M JE3MHQUUUPYIOUUM 3()(EeKTOM, Al OYUCTKU U
Je3nH(EKIMH MUIIEBOT0, MEAUIIMHCKOTO U TIPoUero obopynoanus [2].

B nmepkapboHate HaTpus MOJEKYJIbl KHCIOpPOJa TIOJABEPraroT
OKHCIIUTEIbHOMN NEeCTPYKIINU 3arPA3HEHUS U IEPEBOIST €ro B PaCTBOPUMEIE
B Bozie popMEl. B pesynbraTe 3arps3HEHUs pacTBOPSIOTCS B BOAE M OTCTAIOT
OoT TKaHu. B pesynprare Oenbe BOCCTaHABIMBACT OENBIH WM Jpyrou
NepBOHAYaNbHbIM 1BeT. M3-3a Takoro mpHHIMIA JEHCTBUS OTOEIMBATEIb
Ha3bIBAIOT aKTHBHBIM KHCJIOPOJIOM.

2 Na,COg3- 1,5H202 =2 Na,COsz+ 3 H,0,
3 H,0,=3H,0 + 1.50; + Q

Hcnone3ytoT mepkapOOHAT HATpUsS B TEKCTHJILHOM M XHUMHYECKOM
MIPOMBIIIIJICHHOCTH NIl OKHCIIEHUSI KpacuTeNel M PaclUTUXTOBKH TKaHEH,
Kak jaesmHUIUpyomee, OaKTepUIIUAHOE ¥ ACKOHTAMHUHHUPYIOIIEe
CPEICTBO.
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Pesynomamet u 06cyscoenue

HccnenoBanue mnpoBeneHo B yaboparopuu bupckoro ¢unmana
YYHuT. Hamu BbIOpaH MOKpBI H3BECTHBIH KJIACCHYECKUI crlocod
MOJy4eHHsl TIepKapOOHaTa HATpUsi CMEIIMBAaHUEM BOAHBIX PAacTBOPOB
KapOoHaTa HaTpusi U IepeKnucH Bopopoda. ONHAKO B HAIEeM IOJXOJE MEI
UCTIONB30BaNN A00aBKy CTaOMIM3aTOpa-aKTHBAaTOpa Cpa3dy HCXOJHBIX B
pactBOop KapOonara Harpus. IlomydeHHYI0O CMEChIO MOXKHO [I03MPOBAaTh
pacyéTHOE KOJIHMYECTBO HEpeKuch Bojopoxaa. IIpm 3TOoM o0bOpasyercs
CTaOMIBHBIH JO3MPOBAaHHBIH MNEpKapOOHAT HATPUS C HPHUEMIHMBIM
MIPAaKTHYECKN IIEJIeCO00pa3HBIM BBIXOJOM, B KOTOPOM IIOCHE ITONYYIEHUS
CyXOro mnepkapOoHaTa KOHIICHTPAIU aKTHBHOTO KHCIIOPOAA COCTABISET 10
13% u cTaOuIbHBIN B Ipoliecce XpaHeH!s 710 OJJHOTO roja.

ITouck crabwimM3aTopa-akKTHBaTOpa MBI MPOBOJWIM Ha OCHOBE
LIETOYHO3eMENbHBIX ~ MeTaioB. CambiM 3G (EeKTHBHOM  OKa3ajoch
LIEJIOYHO3EMENIBHBIH ~ MeTaul Ha OCHOBE MarHus, HO TaK Kak
LIEI0YHO3eMENIbHbIE METaJUIbl B MPUCYTCTBHM KapOOHATa BBINANAIOT B
0caZioKk He00XOJMMO OBLIO MCIIOIB30BaTh KOMILIEKCOOOPA30BaTEH.

Hamm Obim mpeanokeH TpwioH b (3TwiieHIMaMuH TeTpaarerar
JMHATpHEBas coib). B Havyane momxydyaeM KOMIUIEKC MarHuii ¢ TpuiIoHOM b B
Bujie cTabWiaM3aTopa BOJHOTO pacTBOpa, KOTOpask BHOCHTCS B PacTBOP
kapboHara Hatpusi (1o 5%), mpW 3TOM IOJy4aeTcss aKTHBHPOBAHHBIN
pactBop KapOoHara Harpus. Jlamee BHOCHTCS NEpeKHCh BOAOpOJa M
MTOJTy4aeTCs 0CaI0K C CTAOMIN3aTOPOM.

TakuM o0pazoM, HaMu pa3pabOTaH HA OJHOCTATUNHON TEXHOJOTHUH
MOJy4YeHHe CTa0MIBHOTO KHCJIOPOJHOTO OTOEIMBaTeNs Ha OCHOBE
nepkapOoHaTa HaTpUs C BHICOKUM COJIEp)KaHHEeM aKTHMBHOI'O KHUCIOPO/Ia U C
JuTeNnbHBIM cpokoM xpaHenust [OCT 22567.10-93.

Jluteparypa

1. TOCT 22567.10-93 «CpeacrBa, MOIOIME CUHTETHYECKHE. MeTox
ONpEeNEIeHUs] MACCOBOH TOJIM aKTUBHOTO KUCJIOPOa.

2. MakcumoBa, M. I'. Xumudeckas skcnepTusa: yueoHoe nocodue/M.
I'. MakcumoBa, A. C. Murpoxuna. — Psasanb: PI'Y umenu C.A.EceHuHna,
2022. — 148 c.

3. Tosapser ObIToBOM xuMun. OOmme TexHudyeckue ycnoBusi: [OCT
32478-2013. M.: UznarenbcTBO cranmapros, 2021.
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UCCJIEJOBAHHUE CBOVCTB IOJIUMEPHOI'O
CTEKJIOIIJIACTHKOBOI'O KOMIIO3UTA, HAITIOJTHEHHOI'O
INEHOCTEKJIOM

[leHOCTEKIIO SABISIETCS YHUKATBHBIM U MEPCIEKTUBHBIM MaTepHAJIOM,
001aaroIIM BEICOKAMHE TETUTOM30JIAIIHOHHBIMU CBOMCTBaMU, IPOYHOCTBIO,
OTHECTOMKOCTBIO M JOJIFOBEYHOCTHIO. B 3aBUCHMOCTH OT coiepyKaHus
MEHOCTEKJIa B COCTaBE KOMIIO3MTa, MOTYT MEHSTHCA €ro CBOMCTBA, YTO
M03BOJISIET 3IaNITHPOBATh MaTepuall oA KOHKPETHbIE TPEOOBAHUSI M yCIIOBUS
9KCIUTyaTaI1H.

Komrmo3uTHbli MaTtepuan ObUT U3rOTOBJICH HA OCHOBE HEHACBHIIICHHOW
oprodranesoii monuddupHOl cmoibl Mapku Attshield mpoussomcTBO
KoMIaHuu “Attmka”. KoMImo3mmus roMOreHm3ypyeTcs B JIaOOpaTOpHOM
cmecurene npu 4000 06/MuH, He morryckas HarpeBa coctaBa Ooxee 40 °C. B
Ka4eCcTBE YCKOPUTEIS HCITONB3yeTCsl OKToAT KobankTa (6% p-p B TOIyoIe) —
0,17% ot Macc., MHHUUMATOPOM OTBEPXKICHUS SBISIETCA IEPEKUCH
MUKJIOTEKCaHOHA (P-p B TpHXJIOpITIIdOchaTe, ¢ coaepkaHHeM aKTUBHOTO
kucnopona 6,2 %) — 2 % ot macc.. [IepBslii cloii KOMIa3UIMK HAHOCAT Ha
MAaTpHILy KUCTBIO, THOO pacIbIIICHHEM THEBMONHICTOIETOM. CTEKIIOBOJIOKHO
B BHAE pPYOJEHHOTO POBHMHTa W KOMIIO3HMIHSA a3pO30JbHEIM (hakernom
HaHOCSTCA (HANBUIAIOTCS) Ha IIOATOTOBICHHYIO ITOBEPXHOCTH (DOPMBI-
mra6iona u3aenus. PopMyr0T METOAOM BakyyMHOM HHOY3UH. OTBEpKIAIOT
MIPY H.y JI0 TIOJTHOH IOJIMMEPU3aIl KOMIIO3UTA.

HcnblTanus Ha OrHECTOMKOCTb MPOBOJATCS HAa YHHBEPCAIbHOMN
ucnbITaTenpHo# yeranoBke Mapku OTM-KT [3,4]. UcnbiTanus Ha QU3HKO-
MEXaHUYECKUE CBOMCTBA MPOBOAMINUCH HA YHUBEPCAIBHON HCIBITATENIbHON
manmue Gupmsl “SHIMADZU AGS-X” (Shimadzu, Snonus)[1,2].

Ha ocHoBanuu npoBeJeHHBIX UCIIBITAHUN MOXKHO CIENIaTh BBIBOJ, YTO
C YBEIMYCHHMEM COJEpKAaHUS IEHOCTEKIa B COCTaB€ KOMIIO3UTA, €ro
nedopmanus TpU  paspbiBe cHIkaercs. JloGaBmenne 15% or Macc.
MEHOCTeKJIa B COCTaB KOMIIO3WI[MOHHOTO MaTepHaja TPUBOIUT K
CYIIECTBEHHOMY YBEJHMUYCHHUIO €r0 MOAYJS YIPYTOCTH NPH PaCTSIKCHUH.
OnHaxo, Ipy NaTbHEHUINEM YBEITMICHNUHN JA0JH MeHocTekna 10 30% ot macc.,
HaOJroaeTCs CHIDKEHNE JaHHOTO ITapaMeTpa.

[IpouHocTs mpW  pacTHKEHHH  KOMIIO3WTHOTO — MaTepuaia ¢
nobasiieaueM 15% OT Macc. IeHOCTEKIa yMeHbInaercs. TeM He MeHee, pu
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YBEJIMYEHUH J10JH reHocTekna 1o 30% ot macc. HaOmronaercst oOpaTHbIi
spdexr. [lpu yBenMYEeHHWM COJAEpXKAHHUS IEHOCTEKIa B KOMIIO3UTHOM
Marepualie HaOJIoaeTcsi YMEHBLIEHHE ero TBepAocTH no bapkomy.
HamonHenue mnoiauaGuUpHO CMONBI TEHOCTEKIIOM YBEJIWYHBACT BpEMs
reaeo0pa3oBaHue, a TaK)Ke yMEHbIIAeT SK30TepMUYECKUi UK. OCHOBHbIE
XapaKTEPTHKH MOJTyYCHHOTO KOMIIO3UTa MPEICTABICHBI B TAOJIHIIE.

XapaKTepUCTHKH CBA3YIOIIEro
Conep:xanne neHocTexsa,%o 0 15 30
Bpems resieo6pa3oBaHusi cBSI3yl011€ro, MMH 25 32 36
JunamMuveckasi Bsi3KocTh 1o Bpykduibay 347 780 1153
(23°C), cIl3z
JK30TepMHUYeCcKHii MUK, ‘C 186 165 154
Bpems nocTuxeHns1 3K30TePMUYECKOT0 NUKA, 34 42 45
MHH
XapaKTepCTHKH KOMIIO3HTHOIO MaTepHaJia
Moayab ynpyrocTu npu pacrsikennu, mIla 3397 3683 3377
IIpouHocTh NpH pacTsizkeHHuu, mIla 2239 2017 2211
Jedopmanus npu paspsiBe, % 59,59 | 5392 | 47,39
Trepnocts no bapkoJy, e 43 34,6 30
TemmnepaTypa IbIMOBBIX ra3os, ‘C 647 530 424
IMoTepst Mmacchl noce c:kuranus, % 85 74 58
IHoBepxHOCTHAS MJIOTHOCTH TEIJIOBOr0 MOTOKA 19 25 30
KkBT1/M?
Koaxddunuent 1p1Mo06pa3oBanus B pesknme 530 523 500
TJeHus, M>/Kr
Ko>¢pduuueHnt apiMoodpa3oBaHus B pexxume 500 490 486
ropenusi, M%/Kr
I'pynna ropwuectu F'OCT 12.1.044-89 n. 4.3 Topto | Topro | Topro
YUt YUt yuit
I'pynna Bocniiamensiemoctn 'OCT 30402-96 B3 B2 B2
I'pynna asivmoodpazoBanue 'OCT 12.1.044-89 I3 I3 112
n. 4.18
Jlurepartypa
1. TOCT 11262-2017 “Ilnactmaccel. MeTon WCHBITaHUS Ha

pacTsxeHue”.

2. TOCT P 56761-2015 “Kommno3utsl mOJHMEpHBIE. MeToa
onpe/IeNIeHNs] TBEPAOCTH 1Mo bapkoiy”.

3. TOCT 12.1.044-89 “Cucrema craHmapTOB 0€30MIaCHOCTH TPY.a.
[To>xapOB3pPBIBOOTIACHOCTH BEIIECTB M MAaTEPHAIIOB .

4. TOCT 30402-96 “Marepuaibl CTPOUTEIbHBIC. METO HCIIBITAHUS
Ha BOCIUIAMEHIEMOCTSE .

234



®atuxoBa A.A., MaxmyToB A.P.
bOYVYHuT, r.bupck, Pb
Maxmymos A.P. k.x.H.
asyafaa@mail.ru

HNCCJIEJOBAHUE METOAOB JECTPYKIIUU ITUPUTA JJI51
MN3BJIEYEHUS JPATOLEHHBIX METAJIJIOB U3 OTXO/J10B
MEJIbBHUKOBHUTA

B Poccun 3051010 100BIBaeTCS B TpEX BUIAX MECTOPOXKACHHH - 3TO
POCCHINH, KOPEHHBIE MECTOPOKICHHS ¥ KOMILUIEKCHBIE.

CoBpeMeHHbIE METOJbl JOOBIUM 30JI0Ta SIBJISIOTCS HEOTHEMIIEMOMN
YaCThI0O MUPOBOI SKOHOMHKH. OHH BKIIFOYAIOT B Ce€0sl pa3IM4HbIE CIIOCOOBI
M3BJICYEHHS 30J10Ta U3 PYJ ¥ TIOPOJI, & TAK)KE €ro MOCIEAYIOIIyI0 00paboTKy.

PynHb1i MEeTOJ SIBISIETCS CAMBIM PACIIPOCTPAHEHHBIM U 3aKJIIOYASTCs B
J00bIUEe 30J0Ta U3 PYJX C BBICOKUM COJIEp)KaHHEM 3TOro Meramia. Pynbl
HPOXOJST IMpoLecc ApoOJieHHuss W (IIOTaluHU, B PE3ysbTaTe Yero 30JI0TO
oTaenseTcs OT mopoxsl. JlaHHBI Meron sBuseTcd S()(GEKTHBHBIM U
MO3BOJISIET J10OBIBATH 30JI0TO C MHHHUMAIbHBIMH 3aTparamu. OJHAKO OH
TpeOyeT 3HAYUTENILHBIX MHBECTUIIMH HA HAYAIBHBIX 3Talax U MOXET OBITh
OTIaceH JUIsl OKPY’KaIoIei Cpebl.

[{aHuCTBIH METO MCTIONIB3YETCSI ISt TOOBIYN 30J10Ta U3 OCAHBIX PYA.
Pynpl 0OpabaTpiBatoTCsi pacTBOPOM I[MAaHKU/IA HATPHS, KOTOPBIH PacTBOPSET
30J10TO. 3aTeM 30JI0TO OT/AENSAETCS OT PACTBOPA U MOJBEPraeTcs AanbHenen
obpaboTke. DTOT METOJl MeHee 3aTpaTHhIM M Oojiee SKOJOTHUYHBIN, YeM
PYAHBIHA, HO TpeOyeT GONBIIIX 3aTpaT Ha peareHTsl. [ 3]

AmanbramMaiyioHHbIH METOJ] OCHOBAH Ha HCIIOJIb30BAHUM PTYTH JUIS
BBIJICJICHUS] 30JI0TA W3 MOPOJbl. PTyTh 00pasyer amanbramy C 30JI0TOM,
KOTOPYIO 3aT€M OTJIENISIIOT OT HOPOJAbI M IOJBEPralT IEPeroHKe IS
yIQJICHHSI PTYTH. DTOT METOo]] TpeOyeT MEeHBIINX 3aTpaT Ha 000py0BaHME,
HO MOJKET OBITh OTTACHBIM JUISl OKPY>KaroIel cpe/ibl U 30pOBBsI JIIOEH n3-3a
UCIIONB30BaHus PTYTH. [2;3]

BroBblenaynBanue — 3T0 METOJ] JOOBIUHM 30JI0Ta C MCHOJIB30BAHUEM
Oaktepuii. bakTepuum BHeApsIOTCS B TOpOJAYy W pas3jiaraloT ee Ha
COCTABJISIOLINE, BKIOYAst 30JI0TO. DTOT METO/ [I03BOJISIET M3BJIEKATH 30JI0TO
JlaKe U3 04eHb OCIHBIX PYIl, HO ero MPUMEHEHHE MOXET ObITh OTPaHHYCHO
M3-32 9KOJIOTHUECKUX OTrpaHndeHunit. [1]

CymiecTByIOT U Ipyride METOAbI HOOBIYM 30JI0Ta, BKIIIOYAs MOA3EMHOE
BBIIIEIAYNBAaHUE, KOTOPOE 3aKIII0YACTCS B MPOKAYKE PACTBOPHUTEIS UEpes3
MOPOAY AT U3BJICUCHHS 30JI0Ta, ¥ KYYHOE BBINIETAUYNBAHUE, IPH KOTOPOM
pacTBOpPEHHbIE  30JI0TOCOJEpIKAIME MaTepHalbl HAKAIUIMBAIOTCS  HA
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MTOBEPXHOCTH U 3aT€M U3BJICKArOTCsA. KakIIblil U3 3THX METOIOB UMEET CBOU
MPEUMYIIECTBA M OTPAHUYCHUS, U BBIOOP ONTUMAIILHOTO METO/1a 3aBUCHT OT
MHOTHX (D)aKTOPOB, BKJIIOYAs T'COJOTHUI0 MECTOPOXKICHUS, YIKOHOMHUYCCKHE
YCIIOBHS, 3KOJIOTHICCKHE OTPaHUYCHHUS U T.]I.

B pamMkax BBITYCKHOW KBaJdH(PUKAIMOHHOW PabOTHI OBLIHM MPOBEICHBI
HCCIICIOBAHMUS, CIIEIaHBI OIBITHI C MEIhI0 JOOBIYH APAroleHHBIX METAJIOB
U3 XBOCTOB. J[7S TONydeHHs] 3THX METaNIOB HEOOXOAWMO pa3pyLINTh
KPHUCTAITMYECKYIO0 pemeTky. E€ CHUMaim KOHLIEHTPUPOBAHHOW a30THOM
KHUCJIOTOH, YJIBTPa3BYKOM M YIBTPAa3BYKOM C IIPOAYBKOH O30HOM, Y-
U3JIYYCHUEM U Jaliee BHIIENaYHBaId PEaKTHBOM «30JI0Tasl UKana». beumn
MIOJyYeHBI PAacTBOPHI JKENTOBATOTO IIBETA C COICPIKAHUEM ParoIlCHHBIX
MeTauioB. O0Opa3ibl ObUTH OTIpaBIICHBI Ha ucciieaoBanrne ADC-METoI0M.
HpOI/ISBeHI/I PacyeThl CTCIICHU U3BJICUCHHUSA MCTAJIJIOB.

Au, % Ag, %

1+2(HNO3) 100 100
3(Y3+Bogaa) 48,6 1,8
4(¥Y3+NaOH) 44,3 1

5(Y3+03z+Bo11a) 42,9 55
6(Y3+03+NaOH) 443 9,1
7(YD+Boaa) 74,8 7

8(YD+NaOH) 41,4 0,8

HccrnenoBanust OBITM TNPOBENEHBI C LEIbI0 HAXOXAEHHs Ooiee
9KOJIOTMYECKOTO METOoJa TOOBIYM JAPAarolEeHHBIX METaJJIOB, 0CBOOOXKICHHUS
XBOCTOXPaHWJIMIIL.

Jlurepartypa

1. Bouapos, B. A. TexHoorust 30J0TOCOAEPKALIUX PY/I: MOHOTpadus
/ B. A. Bouapos, [I. B. AGptotun; mon pemakuueid B. A. bouapoBa. —
Mocksa: MUCHC, 2011. — 420 c.

2. Ocwunosa, C. }O0. ®unurpans : yaedH0o-MeToanueckoe mnocodue / C.
1O. Ocunosa. — TonpsarTu: TT'Y, 2021. — 133 c.

3. Xumuueckas TEXHOJIOTHS 30j0Ta U cepedpa: yueOHoe mocodue /
coctaurenu P. B. OctBanba [u ap.]. — Tomck: TITY, 2021. — 69 c.

236



Xaiipyannna 3.M., MaxmyToB A.P.
b® YYHuT, r.bupck, Pb

Maxmymos A.P., k.x.H., OoyeHm
ela.xajrullina00@mail.ru

MOHUTOPHHI' ONPEJEJIEHUS XJIOPOPTAHUYECKHUX
COEJIMHEHUI B HE®TH

HedTs cunTaercs oMHIM U3 CAMBIX BXKHBIX U UCTIOIB3YEMBIX PECYPCOB
B Mupe. OHa HAXOIUTCS B 3MHOU KOPE M OTHOCHTCS K TPYIIIIE MPHUPOTHBIX
peCcypcoB, KOTOPBIE TMPEBPATHIINCH B HEOOXOIMUMBIE SHEPTOPECYPCHI LIS
OCYIIECTBIICHNSI Pa3HOOOpa3HO JeATeNbHOCTH B Pa3lH4HbIX cdepax
JIeTeNIbHOCTH YenoBeka. OHaKo HeTh, KaK U JII000H APYroi mpupoaHbIi
pecypc, COAEPIKUT pa3IUIHbIe XUMUIECKHE COSAUHEHUS.

OnHUM U3 KJIACCOB COCNMHEHMH, COJECPIKAILUXCS B HEPTH, SBISIFOTCS
XJIOPOPTaHUUYECKUE COCAMHEHHs, WM COCIMHEHHUS C JJIEeMEHTaMHU XJIopa,
KOTOpBIE UMEIOT BBICOKYIO TOKCHYHOCTh U MOTYT NPHUBECTU K HETaTHBHBIM
MOCTIEICTBHSM U OKPY’KAIOMIeH Cpelbl, BKIIF0Yas 3a00JIeBaHIUS )KHBOTHBIX
U pacTeHHiA, 3arps3HeHne Onocdepsl, a Takxke 3a00eBaHNs YerIoBeka. boree
TOro,  OONBIIMHCTBO  XJIOPOPTAHWYECKUX  COCAWHCHHHA  SIBIISIOTCS
KaHI[EpOTeHAMH, YTO YBEJIHMYMBACT PUCK 3a00JEBaHUI OHKOIOTHYCCKUMHU
3a00JICBaHUSIMI.

B cBs3u ¢ 3THM, HCCIEIOBaHME XJIOPOPTAHHYECKHUX COCTUHEHUIl B
HeTh sBIsIeTCST OCOOEHHO aKTyaJIbHBIM W BOCTPEOOBAaHHBIM Hay4YHBIM
HanpaBneHueM. [lomyueHne HOBBIX 3HaHUH U pa3paboTKa HOBBIX METOIOB
JUst 00paboTKH U TIepepaboTKU He()TEIPOIYKTOB, MO3BOJISIONIAT H30€KATh
HETaTUBHBIX [TOCJIEICTBUI BO3ACHCTBUSA HA OKPYKAIOIIYIO CPEeNy U 310POBbE
YeNoBeKa, OyJeT NMETh BaKHYIO MMPAKTHYECKYIO IEHHOCTh U OJIarOIPHUATHO
OTpa3UTCS HA IKOJIOTHUECKOHN CUTyalluH B MHpE.

Oxcnepumenmanvuas uyacme. CHHTE3 MPOBOJWIN C MOMOIIBIO
kosbonarpesarenss oobemom 1000 mut, xomoawnpHuKa JInOwxa, aoHXKa,
Hacaaku Biropna, cocyna anmst OXJIQXICHUS, NPUEMHOTO IMIIMHIPA,
cekyHoMepa u repmomerpa. CobOpaB 000pymoBaHuUE JUIs IEPETOHKN HETH,
B Kos1Oy 500 M1 HanTMBaK He(Th M JIOBOIMIIM aKKypaTHO 10 kuneHus 204°C.
ITo okoHYaHHWIO TIpoIlecca pEakIMOHHAs Macca Ha(Thl, BBIJCIEHHAS W3
HedTu moaBepranach npomeiBke ¢ momoipio KOH u H20, mist yaanenus or
CEpOBOJOPOJa W HEOPTaHWYECKHX XJIOPHUIOB W3 PEAaKIHOHHOW CMECH.
CurHTE3MpOBAaHHBIC MTPOAYKTHI HCCIIEAOBAIN C TIOMOIIBIO aHAIN3AaTOPa CEPHI
" xJopa PEHTTeHO(ITyOPECIIEHTHOTO BOJTHOJMCTIEPCHOHHOTO
CIIEKTPOCKAHA CLSW. B mpombiTyto (hpakiuio HaQThI, BEIICICHHYIO
n3 Hedth. B crakaHumk ¢ momoiubio nunetkn HaauBanu 10 r HadTH M
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BBOAMM IT BHYTPEHHHU CTaHAAPT — PACTBOP BHCMYTa B HEHOJSPHOM
pactBopuTene ¢ MmaccoBoi noneit BucmyTta 5000 ppm. 3ateM nepemenirBas
MUNETKON HaNMBaiIu po0y B JIBE KIOBETHI, 3aKPHIBATH TUIOTHO IUICHKOMH H,
MOCJICIOBATEIFHO TOMeIas o0pas3lbl B CIEKTPOMETP, IPOBOJUTCS
u3MepeHus. MaccoBasi oIl XJIOPOPraHMYCSCKUX COCTUHCHUMN OTIPEICISIeTCS

TI0 TIPEIBAPUTENBEHO IIOCTPOCHHON TPy HPOBOYHOM XapaKTEPUCTHKE.

Peszyromamer u ob6cyscoenus. CHHTE3 MPOTEKAET BECbMa CEJICKTHBHO.
[pumenenne neptu n3 YIIC Canmap mokasan MaKCHMaJIBHBINA pe3yIbTaT 0
COIIEPYKAHUIO XJIOPOPTaHUIECKUX COeNWHEHHH ¢ 3HadeHueM cepsl 0,395 u

xmopa 0,3 ppm (puc. 2):
Z  ldara 11-04-2024

; Brems : p2:34: 38
| Nrusor : 8537

Onerar. : XATMYNAHHA
|- Nro&a :CH 4121 s
' NroduxT: s 9.1-1.0%

! Cci-e.394 x
ca=a. 385 X
1c2-c1l= @ ee1 %

fava : 11-84-2824
Brems : 82: 44: 47
Nerudor : 8537
Onerart. : XATMYAAHHA

fMroéa :CH 4121
NProdsxkT: Cl1 FOCT P 52247

bi¥é:é'k;§;i ............
C2=8.3 marH-1
1C2-C1l= 8.8 man-1

S=8. 355008
(I>NonPpatka Ha
COJdePRaHUE CePbl
HE B8tedeHa

Puc. 1. [omyuennsrii pesynbrat 3Haueaniin CIIEKTPOCKAHA CLSW.
Takum o00pa3zoMm, OOHapyXeHa MEPCIEeKTUBHOCTh HWCCIIEIOBAHMS
XJIOPOPTaHUYECKUX COCIMHEHUH B HEPTH U 00JIaCTH IKOJIOTHH.
Jluteparypa
1. Augpees B.B., Ypazakos K.P. CnpaBounuk mno poOsrue HepTH. -

Mockaa. - 2002.;
2. JIeicenko B./I. Pa3zpaboTka HEeTSHBIX MeCTOPOXKACHUIL, TOM 1. - M:

Hepnpa. - 20009.
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HOPMATHUBHO-ITPABOBOE PEI'YJINPOBAHME JIECHBIX
PECYPCOB B PECITIYBJIMKE BAIIKOPTOCTAH

BamkopTrocTaH mpuU3HAH OJHUM W3 CaMBIX «3€JCHBIX» M YHCTBIX
pEeruoHoB B eBporneickod uyactu Poccun. Jlec — Hamie HalmoHanbHOE
JOCTOSIHUE, OOBEKT HamekJ Ha JKOHOMHYECKOEe IMPOIBETaHWE, Halla
TOpAOCTh U Kpaca. Tak, TOJIbKO IO 3amacaM JUIMOBBIX HacaxaeHui (6omee 1
MJIH Ta) pecIiy0JInKa 3aHUMaeT IepBoe MecTo B Poccmiickoit deneparuu. Ho,
KaK TOBOPHTCS, KOMY MHOTO IaHO, C TOTO U crpoc Beite. Het neca — mocaau,
Majio Jieca — Oeperu, a MHOTO jieca — He Tyou. B 2023 rony bamkupus 3ans1a
nepoe Mecto B [IpuBomkckoM (demepanbHOM OKpyre 1Mo Jojie
HCKYCCTBEHHOTO JIECOBOCCTAHOBJICHHUS. JTOT TOKaszaTenb B Poccum paBeH
0ko0J10 25%, a B bamkupuu oH BaBoe OoJbiie. [I[pusaTHO 0CO3HABaTh, YTO MBI,
JKUTETH pPecryONIuKy, B TOCICIHHE JABa TOJa CTalld CBHUICTCISIMH U
YY9aCTHUKAMH MAaCHITa0HBIX MPOEKTOB II0 COXPAHEHUIO «HU3yMPYIHOH
KOpPOHBI Ypajia», IPopsIBY B pa3BUTHH JiecoBoacTBa B Pb [1].

JlumoBsIe eca bamkupuu COCTaBISAIOT HOYTH MTOJIOBHHY TIIOMIATH BCEX
POCCHIICKHX JMITHIKOB, KOTOPBIX HACUUTHIBaeTCsA OKojo 2,6 MiuH ra. Ilo
3armacaM JIMIOBBIX HacaxaeHud (Oosxee 1 MuIH ra) pecryOjuka 3aHHMaeT
nepBoe mecto B Poccuiickoii denepannu. [IoMuMo JIMIIBI MEIKOIUCTHOM,
nmeca pecnyOomuku oOpasoBanbsl 20 Bumamu aepeBbeB. OOmias Imiomians
Gamkupckux Jecos - 6270,9 Thic. ra, 4To cocTaBisaeT 38% Bcell TEPPUTOPHUU.
OpmHako pacmpeleNeHBl Jieca OYeHb HepaBHOMEpHO. Ecmm B ropax
Bamxupckoro Ypana 1ecucTocTs B OTACIBHBIX MecTax gocturaet 90%, To B
paiioHax ctemHOro W JecocrenmHoro [Ipemypames u 3aypaibs OHa pe3KO
CHU)KaeTCs, HaOII0 A0 TCs MPaKTUIEeCKH Oe3necHble Tepputopun. Hanbonee
3aJleCeHHBIMU palloHaMu siBJsitoTCs benopeuxuit - 75%. Byp3sHckuit -
78,8%, I'adypwuiickuii - 60%, dyBanckuii - 50,8%, 3uanaypunckwuii - 51%,

Bunaupckuii - 61%, Wrouackuii - 46,5%, WmumbOaiickuii - 68%,
Kapangensckuit - 59%, HypumanoBckuit - 78,7%. bemnsiMu Ha nec
SIBIIAIOTCST  paiioHbl: AJjblieeBckuit - 2,6%, AOsemunoBckuii - 4,8%,

bnarosapckuit - 7,3%, JlaBnekanoBckuii - 12%, EpmekeeBckuii - 12%,
Kapmackamuuacknii - 13%, Kyroprasunckuit - 10%, KymHapeHkoBCKui -
12%, Ctepauramakckuii - 13,9%, XahOymmuckuii - 10%, YekmarymeBckuid
- 11%, Yummunckwii - 11,2%.

VICTOYHUKOB JIECOBOCCTAHOBJICHUSI MOXET OBbITh TpH. IllepBwIii -
BeIpyOKu. Eciu 100% BBIpyOOK 3aca)KMBAETCsl, TO 3TO XOPOIIHN PE3yJIbTaT.
BTopoii HCTOYHHK - 9acTh Jieca MOXKET OBITh YHUUTOKEHA TToxkapamu. Torma
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911 13% mpeBbIIIeHNsI MOTYT OBITh CBA3aHBI C BOCCTAHOBIICHHUEM Jieca I10CIIe
ors. U TpeTuil HCTOYHMK - TO co3JaHue (PAaKTHYECKH HOBBIX JIECOB HJIH
jecornonoc, — JjecopasBegeHue.  [loaToMy — TeopeTMUecKH — IUIOMIANb
JICCOBOCCTAHOBJICHUST MOXeT ObITh Oombiie 100% BeIpYOOK, eciu crona
BKIIFOUAIOTCSl BBICAJIKM TIOCIE TIOKapOB MM  BCHBIEK OOJIE3HEH,
Bpeaureneii. Ho rmmomans, Ha KOTOpPOW MPOBEAECHBI pabOThI 10
JIECOBOCCTaHOBIICHHUIO, - MOKa3aTelb HE O4eHb Xxopommid. OH MOKa3bIBacT
TOJIBKO HAauaso LEMOYKH JIECOBOCCTAHOBJIEHHUS], HO HUYETO HE TOBOPUT HAM O
TOM, YTO CTaJIO C JIEPEBBIMH, IIOCAKEHHBIMHU IO/ 1 Ooree [2].

OnHOM W3 BaXHEHIIMX 3a7a4 B O0JACTH OKOJIOTHMYECKH U
9KOHOMHYECKH OOOCHOBAaHHOTO YINPABICHUS JIECHBIM XO3SHCTBOM B
PecniyOnnke bamikoprocran sBisiercst paspaboTka cTparernu. B aroi
CTpaTerny BHIACISAIOTCS CICIYIOMINE 3aJaum:

- CO3JlaHM€ HOBBIX M YIyUIICHHE CYHIECTBYIOUIUMX OPTaHW3alMOHHBIX
MEXaHHU3MOB JJIsI yIIPABIICHUS JIECHBIM X035SHCTBOM;

- BHEJIpPEHHE DSKOHOMUYECKHX METOJOB M MEXaHHU3MOB JUIA
obecrieueHns: pallHOHAIBHOTO HCIIOJIB30BAHMS PECYPCOB JIECa;

- MOBBIIEHUE 00O0CHOBAaHHOCTH MPUHSTHUS YIPABICHYECKUX PELICHHN
Ha OCHOBE COBPEMEHHBIX 3HAaHMH O TEXHOJOTMYECKUX TIpoIeccax |
9KOJIOTHYECKUX MOCIEACTBUAX UX pealH3aliii B KOMIIJIEKCHOM YIPaBICHUH
JIECHBIMH CHCTEMaMH.

HopmartuBHo-1ipaBoBoe oOeCIieYeHHEe JIECHBIX pecypcoB Poccuiickoit
denepanuu peraaMeHTUPYETCs Ha TPeX YPOBHSIX:

- ®denepalibHbIN (Koncturymus Poccuiickon denepanuu,
®denepanbHbI 3aK0H « O0 oxpaHe okpyskatomiei cpensny ot 10.01.02 1. (pen.
ot 27.12.09 r.), Jlecnoii xonexc Poccuiickoit @eneparu ot 04.08.23 1. Ne
486-®3, TocymapCTBEHHBI JKOJOTHYSCKHMA MOHUTOPHHT (B  peml.
QenepansHoro 3akoHa oT 21.11.2011 Ne331-®3), IlocraHoBieHue
[IpaButensctea PO Ne 307 ot 14 mapra 1997 r. «Ilonoxxenue o BeneHuu
rOCyJTapCTBEHHOTO MOHHTOPHHTA JIECHBIX OOBEKTOB);

- PernonansubIii, xoTopeii BKmIOuaeT: Koncturymmro PecmyOmuku
BamkopTocTan, 3akoH «O peryIupoBaHuu JeCHBIX pecypcoBy» oT 01.03.2007
r. Ne 412-3, ®enepanbueiii 3akoH oT 02.07.2013 Ne 148-®3 (pen. ot
06.02.2019) OO axBakynbType U O BHECCHHWH H3MEHEHHH B OTJ/EJIbHBIC
3aKOHOJATeNbHBIC akThl Poccuiickoit denepanmm» u 1p.; [3]

- MyHuIUDanbHBINA; TOCTAHOBIEHUS aJMUHHCTPALUY, JIOKaJIbHbIE
aKTHI, HHCTPYKIMH, TUIAaHBI MEPOTIPUATHH U JIp.

Jlurepartypa

1. ITocranosnenue IlpaBurensctBa PO ot 10 anpens 2023 r. Ne 578 «
O BHeceHMHM W3MEHEHHMH B CTaBKH IUIATHl 32 CAWHHIYy O0BEMa JIECHBIX
pecypcoB M CTaBKM IUIaThl 3a EIMHUILY IUIOIIAJU JIECHOIO Y4YacTKa,
Haxogsmierocss B ®DexepanbHOl coOCTBeHHOCTH // Pexkum pocryma:
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obpamenus: 28.10.2022).
3. MUHHCTEPCTBO MNPUPOJOIOIB30BAHUS M DKOJOTUH PecmyOnuku
BamkoprocTan. [ OnekTpoHHbI pecypc] — Pexumm  mocryma:
ecology@bashkortostan.ru/ (Jlata obpamenus 27.10. 2022).
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BBIIEJIEHHUE CKJIAPEOJIA U3 IIAJI®ES JIEKAPCTBEHHOTO
(SALVIAE FOLIA OFF.)

PactutenbHOe ChIpbEe JIFOOOTO BHAA SABJSICTCS BO30OHOBIISIEMBIM,
JOCTYIIHBIM ¥ OTHOCHTEJBHO JEUIeBHIM HCTOYHMKOM JUISl TIOJIyYESHUS
OousibIIoro  pa3sHOOOpa3us OpPraHMYECKHX BEMIECTB, IMPEICTABIAIONINX
MHTEpEeC ISl MPOMBIIUICHHOCTH, (apMaKOJOTHH, MEIUIHMHBI M JAPYIHX
oTpaciieil. B cuHTe3e opraHnueckux OMOJIOTHYECKH aKTUBHBIX COCAMHEHUI
IIMPOKOE MPUMEHEHHE HAIIUTH, HallpuMep, MOHOTeprieHOUbI. [1,4]

Jpyrum HanpasJeHHEM IIPOMBIIUIEHHOTO IPUMEHEHUS PACTUTEIHHOTO
CBIPbSl M BBIJEISIEMBIX M3 HETO BEIIECTB SIBJISIETCS MapdromMepHast 0Tpacis.
Jlig mpunaHus yCTOWYMBOCTH M CTOHKOCTH apoMaTa MPUMEHSIOT 0CO0YyIo
IpyIIly BemecTB — (UKCATOPBI 3amaxa, CpeArd KOTOPBIX HEe0O0XOIUMO
BBIJICTIUTh Cepyl0 aMOpy, J0ObIBaeMyl0 U3 IKEIyAKa KallaJoTOB.
EcrectBenHas cepas amOpa — 3TO YHHMKaJIbHBIN MPOAYKT — TOOBIBAaETCS B
MaJoM KoJW4YecTBe WU TpebyeT OONBIIMX BpPEeMEHHBIX 3aTpaT. Pan
COE/IMHEeHUH, CIOCOOHBI 3aMEHHUTH €ro B COocTaBe nap(pomMepHu, Harpumep,
CKJIapeod, BIIeNIsieMblil U3 MyckatHoro mandes (Salviae sclarea). [2]

Hamn wn3yueHa BO3MOXHOCTH BBIJICNICHHS CKJIapeosia W3 maides
nekapctBenHoro (Salviae Folia off.) — gocTynHOro pacTUTEIBHOTO CBHIPBS,
BeIpalieHHOro B bupckom paiione PecmyOmmkm bamkoprocran, wu
BO3MOJKHOCTH €TI0 (PYHKIIMOHAIN3AIMHU B IPAKTHYECKN IIEHHbBIE TIPOYKTHI.

Ckuapeon (1a6a-14-eu-8,13-1101) — OCHOBHOM KOMIIOHEHT 3()HUPHBIX
Macen MycKaTHoOro Imandess — Jo0biBaeTcs B 3(PHUPOMACIUYIHBIX 3aBOJaX
SKCTPAKIHUOHHBEIM MeToZoM. CKiapeon BBIIEISIOT W3 YIVICBOZOPOJHOTO
HKCTPAKTA CBEKEYOPAaHHBIX COLBETHH MIandesi MyCKaTHOTO HIIM BTOPHYHOTO
CBIPbS TI0CJIE IAPOBOM OTTOHKH M3 COLBETUH 2(pupHOTo Macia. [3]
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Cxuapeoin — CoHz60;

MonexymnspHas macca: 308,50

[Ipexncrasnsier coboii Oenblif KPUCTATMYECKUH MTOPOLIOK Oe3 3arnaxa u
BKyca, HE PAacTBOPUM B BOJE, XOPOILIO PacTBOPSAETCS B OPraHUYECKHUX
pactBopurensix. Ckilapeosn, mosrydaeMblil U3 mandesi, MpeAcTaBiseT co0oi
SMHMMEPHYIO CMECh 110 TPHHAALATOMY aTOMy YIJIEPOAA.

we. CHs
CHs
OH
H5C .
CH,
He OH

Beinenenue ckiapeona OCYIIECTBICHO 3KCTPAKIMOHHBIM METOJIOM.
BereratuBHas Macca mandes JE€KapCTBEHHOTO, cOOpaHHAash B IIEpUOJ
LBETCHHUS, [TPEBAPUTEIHHO BHICYIIICHA TPH KOMHATHOH TeMIIepaType B TeHU
U U3MeNbyeHa 10 Yactull pasmepoM 2 mMm. s skctpakuuu 200 r cyxoi
Maccel mandes moaBepraiack TPEXKpPAaTHOH 00pabOTKe paBHBIMHU
KOJM9YecTBaMHU IeTpolieitaoro s¢upa (119 40/70) obmum o6pemom 1000 mur.
Kaxnmas sxcrpaxmus aimunack 10-12 gacos. [locie 3aBepiueHus SKCTPaKIHH,
s¢upHble (a3l OOBEAWHWIM M TIPOBEJIM yNapuUBaHWE Ha POTOPHOM
ucrmapuTene npu temieparype OaHum He Oonee 100 °C. Beixonx cyxoro
ocrartka coctaBui 6,5 1 (3,25% 0T HCXOHOH CyXOl pacTHUTENBEHON Macchl).

Cxiapeosi, MOJYYCHHBIH OSKCTPAKIMOHHBIM METOIOM, COAEPXKUT
3HAUUTEJIbHBIE KOJMYECTBA BOCKOOOpa3HBIX NpUMEceH, KOTOpbIe ObLTH
OTJIEJICHBI TePEKPUCTAIUIN3AIMEH U3 CYXOTO 3THIOBOTO crupTa. s 3Toro
CyXOM OCTaTOK pacTBOpPUIM B TOpsS4eM JTUIOBOM CHOHPTE C
OpUEHTHPOBOYHBIM 00beMoM 100 My (3TaHON TpHbaBisieTcs HEOOIBIINMHU
MIOPUMSIMH JI0 PACTBOPEHHS IKCTPAKTA), 3aTEM BBIJEP)KUBAIIM PACTBODP IPHU
oxnmaxkaeunu 1m0 0 °C B Teuenme 5 wyacoB. BrimaBmmii ocagox ©
HEpacTBOPEHHBIE MPUMECH OTIEIIIN (QUIBTPOBAHHEM UYepe3 CTEKISHHBIH
¢unpTp. DunbTpaT, coAepKAUK IENEBON CKIIApeos, ymapuBald Ha
POTOPHOM HCHApHUTeNe 10 MOJHOW OTTOHKH 3TaHona. J[1ns OKOHYaTeNbHOU
OYHCTKH CKJIapeojia MPOBEJeHa KpaTHAs MEPEeKPUCTAILTH3AIMS U3 CYXOro
areToHa (00beM Ha OHy nepekpucTaum3annio 10-15 mir) 10 TocTHXKEeHUs
TeMIiepatypsl IutaBiieHus: BemectBa He MeHee 100 °C. Bpixon umcroro
ckaapeona 1,8 r (27,7 % ot maccel akctpakta). T.mwi. 104 °C; ap — 6° (npu
20 °C, abc.aTaHoMN).

Jns  xauecTBeHHOW WACHTH(MKALMK IPOBEJICHAa peakuus Ha
TPETHYHYIO TUAPOKCHIBHYIO TPYIMIy: B CTCKISHHYIO aMITylTy HOMELIAloT
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cmech u3 0,1 1 ckiapeona u 0,1 T cyxoro CuSOy, 3amanBaroT 1 HarpeBaroT B
tedeHue 1 4 mpu temmneparype 100 °C. IlosiBneHue cuHel okpacku cMmecu
CBUJICTENECTBYIOT O HAIMYNH TPETHIHOTO THAPOKCHIIA.

IlonBons WTOrM HCCIENOBAaHUS, MOXHO OTMETUTb, 4YTO B XOJe€
MPOBEIEHHON PadOTHI YCTaHOBIEHA BOSMOXKHOCTE McTonb3oBanus [landes
JIEKapCTBEHHOTO B KaY€CTBE UCXOJHOTO JOCTYIHOTO CBIPbs IS U3BICUCHUS
CKJIapeosia ¢ YIOBICTBOPUTEIBHBIM I MIPAKTUICCKUX [IEJICH BBIXOIOM.
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COBEPIIEHCTBOBAHMWE CUCTEMBI OBPAIIIEHUA C
TBEPABIMU KOMMYHAJIbBHBIMHU OTXOJAMMH B
PECIIYBJIMKE BAIIKOPTOCTAH

OnHolt u3 HamOoJjee aKkTyaldbHBIX MpOOJeM Ha CETOJHSIIHUN JCHb
SIBJSICTCSL BO3POCIIIEE KOJIMYECTBO OTXOAOB, Kak B Poccuu, Tak W BO BCEM
mupe. [TorpebiieHne MPOIYKTOB U TOBAPOB MPHBOINT K YBETHUCHHIO 00beMa
OBITOBBIX 0TX0710B. CTOUT OTMETHTh, YTO 3aXOPOHEHHE TBEPIBIX OTXOOB B
3eMIIE BIICUET 3a COOOM HEraTUBHBIE MTOCIEACTBHUS IJI DKOJIOTHH, TAKHE KaK
3arps3HEHUE MMOJI3EMHBIX BOJ] M II0YB, KOTOPOE CTAHOBUTCS 3aMETHO TOJIBKO
gyepe3 gecstuiieTs. OOIIECTBEHHOE MHCHHE CKJIOHSETCS K TOMY, 4YTO
3aXOpPOHCHHUE OTXOJOB IMOJ 3EMIICH SIBIISICTCS HEMPUEMIICMBIM CIIOCOOOM
nepefayn Hammx npobsieM motomkam. Kpome TOro, ciieayeT OTMETUTh
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9KOJIOTUYECKYIO TEHICHIMIO: BCE METOIbl OYHUCTKH Ta30BBIX W IKUAKHX
CPEACTB YBEJIWYMBAIOT KOHIIEHTPALMIO 3arpsi3HEHHH B TBEPIBIX OTXOJax
(HanpuMep, B WiIax, ocajkax, 30Je).

3axOpoHEHHE OTXOAOB — OJMH M3 PACHPOCTPAHEHHBIX METOAOB MO
yIOpaBiICHUIO C TBEPABIMH OTX0AaMH. OTCYTCTBHE TEPPUTOPHH s
3aXOpOHEHHs TBEPIBIX OTXOIOB B EBpolle mpuBeno K Tak HA3bIBAEMOMY
«KPU3UCY OTXOI0B» MU «KPHU3HCY CBAIOK». HexoTopsie ropona Ha CeBepo-
Bocrounom mobepexbe CIIA otmpaBnsim TBEpABIE OTXOABI B IPYTHE
CTpaHBl, B HEKOTOPHIX Ciydasx B SmoHmm ObLTH 00pa3oBaHBI «MYyCOpPHBIC
OCTpPOBa» W3 TOp TBEPHIBIX OTXOIOB. B TO e Bpems, B reorpaduueckoM
Macirade CBaJIKA OTXOJOB 3aHIMAalOT HEMHOTO MecTa. bolee mpucTanbHbIH
B3IV HA MPOOJIEMY OTXOMOB BBIIBISIET OOJiee CIIOKHYIO CHTYAIHIO, YeM
IIPOCTO HEXBaTKa MecTa A HOBbIX cBanok. Emé B 1889 romy B
aMEpHUKaHCKMH YMHOBHUK yTBEPXJaJl O HEOOXOAMMOCTH HOBOTO METOZa
u30aBjeHus ot mycopa [4, c. 78].

IMoctpoenne mycopockuratensHoro 3aBoaa (MC3) ¢ coBpeMeHHBIMU
CHUCTEMaMH OYMCTKU BBIOPOCOB SIBISIETCS HEI((PEKTUBHBIM PELICHUEM IS
npoOiieMbl  YTHIM3alUM  TBEPAbIX KOMMyHanmbHbiXx 0TX070B (TKO).
CxwuraHue OTXOJIOB IPUBOJUT K 0Opa30BaHUIO TOKCHYHOH 30JIBI, KOTOpas
HY)KIaeTCs B MMPaBHILHON OpraHU3alliy €€ XPaHCHUs, H KOTOpast OKa3hIBacT
OoJbIIe HETATHBHOTO BINSHHUS Ha OKPYXKAIOIIYI CPeny, YeM TBEpIbIe
KOMMYHaIIBHBIE O0TX0Ibl. MC3 Takke 3arps3HSAIOT BO3IYX, U B CTpaHax C
Pa3BUTBIM  DKOJIOTMYECKMM  3aKOHOJATENbCTBOM  OOJbllIasi — 4YacTh
KalMTaIbHBIX pacxoJoB Ha crpoutenbctBo MC3  HampabisieTcst Ha
YCTaHOBKY CHUCTEM OYUCTKHU BO3JyXa. KpOMe TOTO, CXKHIaHHC OTXOJ0B
MIOJTHOCTBIO YHHUYTOXKAeT MaTepHajbl, KOTOPbIE MOTYT OBITH IIOBTOPHO
BOBJICUEHBI B XO3HCTBEHHBINH 000POT.

CTONKHYBIINCH C HEYTCIINTENBPHOH KapTHHOH MeperoTHEeHHBIX
JIBOPOBBIX KOHTEHHEPOB, MBI BCE INPHUBBIKIN K yTpare 3CTETUYECKOTO
ynosierBopenus. Ho, B kakoii-To creneHH, OYAHUYHOCTh 3TOH CHUTyallnu
paspyLIaeT Hally OLIYIIEHHS YUCTOTHI U 3apOXKJaeT MPOoOIeMbl CAHUTAPUH.

K cuacTeio, 3HauWTENbHOE YBEJIMUYCHHWE CTOMMOCTH YTHIM3ALUH
Mycopa CTUMYJIMPYET KPYITHbIE YaCTHbIE KOMIIAHUH K ITOMCKY BBIXO/IOB Ha
pHIHOK yTuiau3anud. OHHM CTPOAT M OKCIUIyaTHUPYIOT —CIIEIHAJIbHBIC
NPEANPUATHS, PeJHA3HAYCHHbIE IS IepepaboTKu Mycopa. DTH 00BEKTHI,
mo OoubIIel YacTH, HAXOAATCS BIANM OT TOPOJOB, TAe (OPMHPYIOTCS
OTXObI. DTO BBI3LIBAET HETATHMBHOE OTHOIIEHWE MECTHOIO HACEIECHHUSA K
CTPOHTENBCTBY TAaKUX 3aBOJIOB.

[Ipobrema OTCYTCTBHS KyJIBTYPHI OOpaIIeHHsI ¢ OTXOAAMH SIBISETCS
OCHOBOUM BCEX HBIHENIHUX HEMPHUSITHOCTEH. B COBpeMEHHBIX rocy1apcTBax
OTXOABl JIOJDKHBI OBITH MaKCHMaJbHO BTOPUYHO HCIIOJB30BaHbl U
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yTunnsupoBansl. CHavana OBITOBOM Mycop JOJDKEH MpOMTH mporecc
COPTUPOBKH, I'Jie NepepadaTbiBaeMble 0TXOAbI (Oymara, IIacTHK, METasul)
OyIdyT HUCIONB30BaHBI, a OTXOJbl, KOTOPbIE HEBO3MOXXHO HCIIOJIb30BaTh,
OyIyT 3aXOpOHEHBI UK 00C3BPEKCHBL.

MaccoBoe UCIIONIb30BaHUE OTXOA0B ITyTEM MX COPTHUPOBKH BO3MOXKHO
Ha MycopoliepepaOaThIBAlOMNX CTAHIOMAX WM IOJUTOHAX IO YTHIU3ALUU
TKO.

OcHOBHasT ~ 4acThb  JIOXOAOB 32 HETaTMBHOE BO3ICHCTBHE Ha
OKPYXAIOIIYI0 CPEAy COCTOMT M3 IUIaTeXeH 3a pasMeIleHHE OTXOJO0B. DTH
IUIATEXH SBJIIOTCA KOMIICHCAIIMOHHBIMH M TIPEAYCMOTPEHBI HA MEPHI I10
OXpaHe OKPYKAIOIIeH cpe/ibl, B TOM YNCIIE ¥ HA CTPOUTENHCTBO MIOJIUTOHOB,
o6bexkToB 1o coptupoBke TKO. PaiioHHBIE aIMUHUCTPALUU JOJKHBI
3aHUMaTbCs BBHIOOPOM 3EMENBHBIX YYaCTKOB, IEPEBOAOM U3 OJHOM
KaTeropuu B JIpyryroo, GOpMUpOBaHHEM IPaB Ha 3eMeJIbHBIE y4acTKH [3, c.
41].

Hdns toro 4roObl pemmnTh mpobneMy co cOOpoM, BBIBO3OM U
yTunn3anyedl OBITOBBIX OTXOJOB, MECTHBIM aJMUHHCTPALMSAM HYIKHO
MPOBOAUTH OOJIBIYIO PA3bIICHUTENBHYIO paboTy Cpean HaceleHusI.

Bropuunas mepepaboTka Mycopa IOBOJBHO HPUOBIIBHOE MAEN0, B
clyyae  OTJ@KEHHOTO IPOIlecCa COPTHPOBKM  OTXOJOB, HAJIMYUH
CIEUAIN3UPOBAHHBIX [IEXOB, M0JIPa3/IeICHUI Ha CBAJIKaX.

[IpenBapurtenbHass COPTHPOBKA Mycopa SKHJIbIAMH CIOCOOCTBYET
YIIy4IIEHUIO 9KOJIOTMYECKOW cuTyaluu. J{ist Toro 4ToObl pemuTh npodiemy
cOopa, CBOEBPEMEHHOIO BBIBO3a W YTHJIM3alMM OTXOJOB, HEOOXoanma
JUINTENIbHAsl TPOCBETHTENIbCKAs KaMIlaHWs, OOJIbIIasi pa3bsCHUTENbHAS
pabota cpeau Hacenenwus [2, ¢. 52].

B PecnyOnuke bBamkoproctaH NpUHAT BaKHBIH HKOJOTMYECKHIA
nokyMeHT —  «KoHuenmusi  pa3nenbHOTO  HaKkOIUIGHMS  TBEPIBIX
KOMMYHaJIbHBIX 0TX0A0B A0 2030 roga». DTa KOHIENUMS AOJKHA
peannzoBarbcst B ABa dTana. Ha mepBom stane (¢ 2022 mo 2024 roxsn)
npe/IaraeTcs BHEAPUT CUCTEMY Pa3JIelIbHOTO cO0pa 0TX0/I0B, HCCIIEI0BAT
UX COCTaB, pazpaborars KoHuenuo TKO i mpeanpuaTiii, y4peskaeHuH,
OpraHu3alui, A CEIbCKOM MECTHOCTU U TOPOJCKUX ycinoBuid. [IporpamMma
JIOJITOCPOYHBIX MEPOIPHUITHH JJIs1 BBIIOJIHEHHUS BTOporo 3rtamna, ¢ 2025 mo
2030 rompl, IIaHUPYETCS C YIETOM Pe3yIbTaTOB BHIITOTHEHHUS [IEPBOTO 3TAIa
W BHEIPEHHs  DKOJIOTMYECKH  O€30MacHBIX, pecypcocOeperaronmx
texHosoru# yrmwmmsamun TKO. Konnenmueit mpeamonaraeTcst yBEJINYHTH
nomo TKO, HampaBnseMblx Ha yTriausanuto, ¢ 40% B TeKylieM romy 10
100% x 2030 romy. [lomo BTOPHYHBIX MaTEpUANBHBIX PECYPCOB,
W3BJICUYCHHBIX B pe3ysipTaTe paszfenbHoro HakomieHuss TKO, B oOmem
o6beme obpazoBanHblx TKO mnanupyercst ysennuuts 1o 60%, ceiiuac oHa
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cocraBnger 5,8% s HaceneHus U 20% A7 OpeAnpUsaTUil U opraHu3aui.
K 2026 romy mnmaHupyercst JIMKBUAMpOBaTh Oojee 2 TEHIC.
HECaHKIIMOHUPOBAHHBIX CBAJOK B 56 Topojiax u paioHax bamkupuu.

Taxoke KOHLETILVS TIpeAroaraeT CTPOUTENBCTBO
MycoponepepabarbiBatomiero 3asona AO «3apakc-Yda» k 2025 roxmy
MOIITHOCTBIO 50 THIC. TOHH B TOJ B Y(QHMCKOM paifoHe, KOMITICKCa TIO
niepepaboTtke BropuaHoit PET-0yThutk OO0 «bro®iekcy» B TeKyIieM roay
MOIITHOCTBIO 13 ThIC. TOHH B TOA B biaroBemieHCKOM paiioHe W ydacTka
komroctupoBarust  OOO  «YmpaBimeHue  oTrxomamMu  Meney3» B
Meney3oBckoMm paitone Ha 20 ThIC. TOHH OTXOJOB B roi. Takxke B
Baitmakckom, TyiimasuHckoMm, benebeeBckoM W B OKTAOpPHCKOM paiioHE
IUIaHUPYCTCAd BBCCTU B  OIKCIIyaTallUIO YYaCTKHM  KOMIIOCTHPOBAHUA
MoIIHOCTBIO OT 30 ThIC. 10 100 THIC. TOHH B rof.

Kpome Toro, TIIIK Poccuiickuii 5KOJIOTHUECKHIA ONepaTop MOJMUcal
cornamenue, B cooTBercTBuu ¢ kotopeiM OOO «Xaiinensoepr Llement
Pycb» roTOBO MOJIEpHU3UPOBATH LIEMEHTHOE MPOU3BOACTBO B CTepiauTaMake
JUTA 3aMEIICHU S ITPUPOJHBIX BUIOB TOIIJIMBA HA aJIbTCPHATUBHOEC TOILJIMBO U3
TKO nocne u3BneyeHUs] U3 HUX MOJIE3HBIX KOMIOHEHTOB. Ilnanupyercs
moxy4ats 100 THIC. TOHH abTePHATHBHOTO TOIUIMBA B TOI.

Kpome TOro, miaHupyercs co3maTh B bamkupuu 3aBon 1o
SHEPTreTUYCCKON YTHIIN3AINHI HEMPUTOIHBIX JUIS BOBJICUCHISI BO BTOPHYHBIN
MaTepHaNbHBI 000poT Qpakmuii. OH OymeT pealn3oBaH B paMKax
denepampHOro  mpoekTa  «Pa3BUTHE  TEXHOJOTHH  JYHEPreTUYECKOMN
yTUIIM3AllMM  OTXOJIOB IIPOM3BOJCTBA W MOTPEOJCHUs» B  COCTaBe
HAI[MOHAJIFHOTO MPOEKTa « DKONOTU». B pe3ynpTare peanu3auy IpoeKkTa B
pecnyonuke B 2025-2030 romer cosmamyt 96 pabounmx wmect. OO0beM
yrumm3anun TKO o mpoexty k 2030 roxy coctaBut 550 ThIC. TOHH.

CoracHO HaIMOHAIBHOMY HPOEKTy «IKkosorusi», k 2025 rogy B
Poccun coptupoBke, pa3dopke B OYHCTKE JOIDKHO MojBepraThbes 60 % Bcex
TKO, a k 2030 roxy — 100 % obpazyromxcs TKO [1].

OTxombl Ha TPEANpPUATHH O0Opa3yroTCs B pe3ysbTaTe OCHOBHOM
XO3SIMCTBCHHOM JIEATENPHOCTH TMPENNPUATHS, a TakkKe B pe3yibTare
KU3HEIEATSTbHOCTH paboTHUKOB. Kiaccupukaiyss 0TX0I0B MPOU3BEACHA
cornacHo deneparbHOMY KIacCH(PUKAIIMOHHOMY KaTaJIoOTy OTXOJOB.

Omnepanus ynaneHus OTXOJIOB C MecTa 0Opa3oBaHUsl MPOU3BOIHUTCS
CIIeYIONIMMHE CITOCOOaMHU:

1. CrpoutensHbIf Mycop, O0O0pa3yloIuiics TpH  BBIIOIHEHUH
MTYKATYPHBIX U OOJUIIOBOYHBIX pabOT, KPOBENBHBIX paboT, coOMpaeTcs B
MHOTOPa30BEIe MOJIMITUICHOBBIC MEIIIKH M HANIPABISICTCS B METAJUTHICCKUH
KOHTEWHEp B CMECH C OTXOJaMH OT TEKYIIIETO PEMOHTA JKMJIBIX JOMOB.
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2. Mycop, oOpa3yromuiics Npy BBINOJIHEHHH PEMOHTa MSTKOH KPOBJIN
B OJKWIBIX JOMaX, CBapOYHBIX pPa0OT, HAMpPABISCTCS B METALTUUCCKUIN
KOHTEHHEp B CMECH C OTXOJIaMH OT TEKYIIIEr0 PEMOHTA HJIBIX JIOMOB.

3. Ilpu pemMoHTE CHCTEM OTOIUICHHS OOpE3KH TPYyO, MOBPEKICHHBIC
OTOIUTENbHBIE CEKIIMU HANpaBISIIOTCS. B MECTO BPEMEHHOI'O XpaHEHHSI.
O6pa3yromuecs KpyImHOTabapuTHBIE OTXOIBI KHUTEISIMU CKIATUPYIOTCS Ha
MUMEIOIINe TBEPIOE MOKPHITHE TIOMIATKHA BPEMEHHOTO XPaHCHHS.

4. Cpe3aHHBIE BETBH, JIHCTBAa JEPEBBHEB WM KYCTAPHHUKOB IIPU
BBITIOJTHEHUH PadOT 10 CHOCY, BBIpE3Ke, TpaBa IPH BHIIIOJIHEHHH PadOT 110
yXoay 3a Ta30HAMH M IBETHHKAMHU HAIPABIAIOTCA HEMOCPEICTBCHHO B
MO OTOBJICHHBIN IPHUIICTI-TEIICKKY TPAKTOpa JJIs BeIBo3a Ha monurod TKO.

5. Mycop, oOpasymomuiics B mpouecce YyOOPKH TEppPHUTOPHUH,
W3HOIICHHBIE W CIUCAaHHBIE CIIENOJAeXKIa W CHenoOyBb, OTpabOTaHHBIE
JaMITbl HaKaluBaHWs, OO cTekia, HampaBisitoTcs B kouteinep TKO.
O6pasyromueca TKO xutensmu Hanpasisiorcs B KoHTeitHep TKO.

6. O6pazyromuecss TKO mnpu ybopke CKIaACKMX TOMEIIEHHH,
MOTEPSIBILIHE IIEHHOCTh JIOKYMEHTBI, MaTepHajbl n3 OyMaru CKIagupyoTcs B
TUTACTMACCOBBIE YPHBI M TIO Mepe HATIOJTHECHUS HATIPABIIOTCS B KOHTCHHEPHI
TKO.

OTx0/B1, 0Opa3yroIuecs B OpraHU3alnd, OTHOCATCS K 4 U 5 xiraccam
OITaCHOCTH Ul IPHPOTHOMN cpenbl. Hampumep, Mycop oT cHOca U pa30opKu
3IaHUI HECOPTHPOBAHHBIH, JTUCTH BOJIOKHUCTEIE U IUIOCKHE, 00YBb KOXKaHas
pabouas, cremoaexaa M3 XJIOMU4aTOOYMaKHOTO M CMEIIAHHBIX BOJIOKOH,
yTpaTUBIIHNE TOTPEOUTENBCKUE CBOHCTBA, OTHOCSTCS K 4 KJIACcCy OIacHOCTH;
JIOM H3I[eﬂHfI H3 CTCKJIA, JJaMIIbl HAKaJIUBAHHWA, OTXOJbI 6yMaFI/I 1 KapTOHa OT
KaHIIENSAPCKOM JeITeIbHOCTH M JIeJIONPOU3BOJICTBA, OCTATKU M OTapKu
CTaIbHBIX ~ CBAapOYHBIX  JJEKTPOJIOB, 00pe3b  BaSUIBHO-BOMJIOUHON
MMPOAYKIINHU, OTXOAbI U3 KUJTHIIL prHHOFa6apI/ITHBIe, PaCTUTCIIBHBIC OTXOAbI
OTHOCSITCS K 5 KJIacCy ONacHOCTH.

[Mpoananu3upoBaB JaHHbBIE CIEIYET OTMETHTh, YTO BCE HUCCIIEIyEMbIe
OTXO0/IbI IMEIOT TBEPJI0€ arperaTHoe cocrostune. OTxobl pybeponia, IUCTHI
BOJIOKHUCTBIE M IUIOCKHE, YTpaTHBIIME NOTPEOUTENbCKUE CBOWCTBA,
He3arpsi3HEHHBIE HMEIOT TOKCHYHBIE OITacHbIe CBOicTBa. Takne 0TX0/bl, Kak
NIJTAK CBAPOYHBIN, OCTATKU U OTAPKH CTAJIBHBIX CBAPOYHBIX IIEKTPOIOB, JIOM
1/13)1enm‘/'1 13 CTCKJIA, JIaMIIbl HaKaJIMBaHWA, JIOM M OTXOJbI, COACPKAIIUC
He3arps3HEHHbIE YEpPHBbIE METAJJIbl, ONAacHblE TOKCHYHBIE CBOMCTBA He
nmeroT. OTXonpl, B OONBIIMHCTBE CIIy4aeB, COCTOSAT W3 CJIETYIONIUX,
KOMIIOHEHTOB: PE3WHBI, Pa3IMYHBIX OKCHIOB, KAPTOHA, OCTATKOB IIEMEHTA,
Oymaru, METaylOB, TEKCTHJIA, CTEeKJa, IUTACTMACCHI, KOXH, IHIIEBBIX
orxonoB. K mpuMepy, pacTHTeNBbHBIE OTXOABI COCTOST M3 TaKHUX
KOMIIOHEHTOB, KakK LEJUII0J03a, BOJA, NEHTO03a, JIMIHUH, BOCK, MXHD
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PaCcTUTENIBbHBIN; JIaMIIBl HAKaJIUBaHHUA COCTOAT U3 H3OJLIMOHHOTO CTEKIA,
MacTUKH IIOKOJICBOYHOHM, MeIau, Moju0aeHa M Jp.; Mycop OT CHoca W
pa30OpKH 3JaHUM COCTOMT M3 OCTaTKOB IIEMEHTa, IIeCKa, IUTUTKH,
LITYKaTyPKH.
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PABPABOTKA CUCTEMBbI OYUCTKHN CTOYHbBIX BOJ HA
INPUMEPE ABTOMOEYHOI'O KOMIIVIEKCA «DELUXE» I'OPO/
YDA

B Hame Bpemst 0/THa U3 aKTyaJbHBIX YKOJIOTHYECKHUX MPOOJIEM B TOpOJIE
CBs3aHA C Pa3BUTHEM MAIBIX TPEANPHATHNH W WX OOJBIIUM BKJIAJIOM B
3arpsisHEHUE OKPYIKAIOIIEH Cpebl.

OtHocurensHo 1 suBaps 2024 roma eMKOCTh aBTOIApKa BBIpOCIA Ha
6,3% wnu "Ha 2340531 aBToMOOMIIE. OTMETHM, YTO 10 COCTOSHHUIO Ha HA4YaJIo
MIPOIILIOTO TOJ[a B aBTOMApKe CTPaHbI HacUUThIBaIOCh 37 008 715 merkoBbix
aBTo. 3a mepuon ¢ staBaps 2023 r. mo sHBapb 2024 1. Ha 10,4% (Ha 1 961632
aBTO) BBIPOCIIA €MKOCTH IapKa WHOMAapoK, B KOJMYECTBEHHOM BBIPAKCHUH
oH BbIpoc ¢ 18887509 mo 20849141 enunuIl aBTO cOOTBETCTBEHHO. [IprpocT
OTe4YeCTBEHHBIX aBToMoOmiei coctaBuia 2,1 % (wmm 378 899 emunmn), 3a
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OTYETHBINH NEPUOJ eMKOCTh Napka Beipocna ¢ 18121206 xo 18 500105 aBTo
[4, c. 42].

KonudecTBo aBTOMPEANPUATHII HEYKIOHHO PAcTeT M Ka3aioch Obl,
HE3HAYUTEIFHOS BIUSHHS MAaJiOro JIOKAJbHOTO MCTOYHUKA 00OpaYMBaeTCs
CEPhE3HOM MI00ANBHON MPOOJIEMON 3arpsA3HEHHS JTUBHEBBIX BOJ OOJBIIUM
KOJIMYECTBOM aBTOIPEIIPUSTHHA.

Moiiku aBTOMOOMITeH SIBIISTEOTCS HUCTOYHHUKOM 80-85%
MIPOM3BOJICTBEHHBIX CTOYHBIX BOJ aBTONPOMBINUICHHOTO KOMIUICKCA.
BoaHbIM 3aKOHOIATETECTBOM 3alperiaeTcs cOpackiBaTh B BOAHBIE OOBEKTHI
HCOUHIICHHBIC /IO YCTAHOBJICHHBIX HOPMATHBOB IOXIEBHIC, Talble U
MOJIMBOMOCYHBIC BOIBI, OpPTaHW30BAaHHO OTBOJUMBIC C CEIHTCOHBIX
TEpPUTOPHUI U TIJIOLIATOK.

BonHblii 0anaHC TEppPUTOPUU MOWKH aBTOMOOMIICH (opMupyercs B
pe3ynbTare B3auMOACHCTBHSI COCTABIISIONINX €ro MoKa3aTelsel, T.e. 00beMBbI
JIMBHEBOT'O CTOKA, 00beM HH(WIHTPAIIMH U BETMYHHBI HCTIAPCHUS, KOTOPBIC
BJIMSIOT HA U3MEHEHHMS 3allacoB BJIard Ha BOJ0COOpE.

JlokanbHble OUYMCTHBIE COOPY)KEHHS, Ha KOTOpPBIE MOCTyIaeT
aKKyMYJHPOBaHHAs Ha TEPPUTOPUH aBTOMOWKH CTOYHAs BOJA, BHITIOIHSIOT
POIb KOHCTPYKIIUH, MO3BOJSAIOMINX COXPAHUTH AKOJIOTHUYECKUit Oamanc. [Ipu
BEIOOpE OYHCTHOTO COOPYXKEHHS HEOOXOIMMO YUYHUTHIBATH JKOJIIOTHUECKUE
TpeOOBaHUS TIO CTEIEHU OYHCTKHA MOBEPXHOCTHBIX CTOKOB, HAlle)KHOCTH
COOPY>KEHH, CTEIIEHb ero anpoOaIyi, a TaKkkKe MPUPOTHO-KINMATHICCKHE,
THJIPOJIOTUYECKUE U TPYHTOBBIE YCIOBUS TEPPUTOPUHN CTPOUTEIIHCTBA.

3arpsi3HEHUS] CTOYHBIX BOJA KJIACCHPHUIUPYIOT MO (u3ruecKoMy
COCTOSIHUIO Ha HEPaCTBOPUMBIE, KOJUIOMIHbIE, PACTBOPUMBIEC U TIO COCTaBY
Ha MUHepaibHble (TJIMHA, MUHEPATbHBIE COJIU, TIECOK, KUCIOTHI, IS0 U
T.1.), opranudeckue (Hegrenpoaykrsl, [IAB u T.71.).

B3BemeHHble  3arps3HAIONINE  BEIIECTBA MOTYT HaxOIUThCS B
COCTOSTHUH Tpy0oii cycrien3uu (pa3mep yactuil <100 MK), TOHKOW CyCIIeH3UU
wi smynbcun (pasmep yactur 100 - 0,1 mk). Kommounneie Bemectsa B
CTOYHBIX BoJax UMeT pazMepsl yactul 0,1 - 0,001 mxk [1, c. 24].

Ilo cTpykType ©  KOHCHUCTGHIMH OCQJI0OK, O0Opa3yroIHics
MOBEPXHOCTHBIMU BOJAaMHU, OBIBA€T 3CPHUCTHIM, T.€. YaCTHIBI 00JaNaroT
POBHBIM MTOBEPXHOCTHOM OOOJOYKON U OCAKIAIOTCS Ha THO C TIOCTOSTHHOM
CKOPOCTBIO M XJIOMBEBUAHBIM, TO €CTh YAaCTHIBl HMEIOT JUIKYIO
MMOBEPXHOCTh U B TPOIIECCE OCAKISHUS KOATYIUPYIOT.

Marnple yCTaHOBKU JODKHBI OBITh KOHCTPYKTHBHO M TEXHOJOTHIECKH
NPOCTBIMM,  KOMIIAKTHBIMH,  3aHUMaTh Majo  MeCTa, II03BOJIITh
OKCIUTYyaTaIli0 C MHHAMAJIBHOW YHCIEHHOCTBIO TIEPCOHANIA HEBBICOKON
KBaTH(UKAIMU, OTIIMYATHCS BBICOKOW HAJICKHOCTHIO PAOOTHI COOPYKCHUN
IPU pe3KOM KoJieOaHuU 00beMa U COCTaBa CTOYHBIX BOJI, & TAKXKE JOIMYCKATh
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KPaTKOBPEMEHHBIC OTKIFOUCHHUS JIICKTPOIHCPTHUH, IMO3BOJSATH NPUMEHSTH
HUHIYCTpHAJIbHBIE METOJBI CTPOUTENHCTBA, UX 3aBOACKOE HU3TOTOBICHHUE U
MOHT&)X Ha MeCT€ B KOPOTKHE CPOKH C MHHHMAJIbHBIM KOJIUYECTBOM
CTPOUTENBHBIX PaboOT.

B 3aBucuMOCTH OT (PYHKIHMOHAIBHOTO HA3HAYCHUS PAa3IHYAIOT
YCTaHOBKH TSI OYUCTKH:

- CTOYHBIX BOJ HACEJICHHBIX ITyHKTOB;

- CTOYHBIX BOJ WHAWBHIYAIBHBIX JKHJIBIX JOMOB;

- He(TecomepIKaIux cpex;

- CTOYHBIX BOJI TIPEIPUATHHA MMILEBOH, XHAMHKO-
(apManeBTHICCKOH, MHUKPOOMOIOTHICCKOH, MEeIUIF0NI03HO-0yMaXHOH U
JIPYTHUX OTpaciieil IPOMBIIUICHHOCTH.

IlepedeHp JOKaNbHBIX YCTAHOBOK OYMCTKA B Poccuu HacuuThiBaeT
6osee 100 HanmenoBauuii. BOJBIIMHCTBO MX M3TOTABIMBAETCS B 3aBOJCKUX
YCIIOBUSIX B BUJE OTAEIBHBIX MOJYJIEH UM KOHTEHHEPOB M COOMpaeTCsl Ha
MecTe. PaccMOTpHM IITIOCH! U MHHYCBI HEKOTOPBIX U3 HUX [2, ¢. 67].

VYeranoska ¢upmer Karcher:

«IUTIOCBD»:

- 3KOHOMMUS BOJIBI, MOIOIIIUX CPEJCTB;

- aBTOMATHYECKHU PEXHUM PaOOTHI;

- MOXeT (YHKIHOHHPOBATH IPH BHICOKOM JaBIICHHE HE3aBUCHMO
€CIT HarpeB TN HET;

- KOMITAKTHOCTE;

- BBIMIOJIHSIET TPEOOBAHMS CAHUTAPHO-TEXHUYECKUX CITyXKO.

«MUHYCBI»:

- UCTIOJBh30BaHUE JIOPOTOCTOSAIIUX PEAreHTOB;

- mocne 50 MUKIOB He0OXO0IUMO OCYIIECTBIISITH BRIBO3 OTPaOOTaHHOM
BOJIbI HA YTHIIM3AITHIO;

- IpU MaKCUMAaJbHOW 3arpy3ke OYHCTHBIX CHCTEM BOJAY HE
OYHUIIAETCS 0 HEOOXOJUMBIX HOPM.

Cucrema YM CaMapcKoro onbITHO-IKCIEPUMEHTAIbHOIO 3aBOJIA!

«IUTIOCBD»:

- BBICOKasi 3KOHOMMS BOJBI 96-98%;

- BBICOKas CTEIEHb OYUCTKH,

- TpeAmojaraeT YCTAaHOBKY HECKOJBKHUX TIIOCTOB C Pa3iIMYHOMN
MIPOU3BOIUTENHHOCTBIO.

«MHUHYCBD»:

- HEOOXOAMMBI IOPOTOCTOSIIIINE PEareHTHI;

- UCTIONB3YyeT B KAUECTBE aIcCOPOSHTAa aKTUBUPOBAHHBIN yTOJIb;

- DHEPrOEMKO BCIICJICTBHE HCIIOJIb30BaHUS (IOTAIMOHHOTO METOAa
OYHCTKU,
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- 3aHUMaeT CPaBHUTEJILHO OOJIBIIYIO IIOIIA/b.

Cxema 000poTHO# ouncTky Bojibl «CamapaABTOTex»:
ILTIOCBD):

- aBTOMaTHU3alus;

- npuemieMsle pazmepsl At JIOC 04uCTHBIX COOPY KEHUI;
- BBICOKas CTETIEHb OYHCTKHY;

- TpsA3eBBIE OCAaOKM YIAIAIOTCA M COOMPAIOTCS  HOJHOCTBIO
MEXaHH3HPOBAHO;

- MEXaHH3WPOBAaHHAs pereHepanys agcopOUPYIOIIEro CIOos.

«MHHYCBI»:

- Heo0XOAWMOCTH KBAMH(HUIIPOBAHHOTO MIEPCOHANA;

- BBIBO3 IIUTAMa HA TIOJIUTOHBI;

- TaK KaK CHCTeMa MEXaHW3UPOBaHHAs BO3HHMKAET HEOOXOAUMOCTH B
3aTparax IeKTPOIHEPTUH.

[IpoBeneM cpaBHMUTENbHBI aHANW3 NPUBEAEHHBIX JIOKAJIBHBIX
ouucTHBIX coopyxeHuil (JIOC), Ha OcCHOBE KOTOPOrO BO3bMEM TakKHe
MOKa3aTeN KaKk CTOMMOCTb YCTAaHOBKH, C€0ECTOMMOCTb OUUCTKH | M3 BOJIBI,
3¢ pexTuBHOCTH 0unCTKH (D0), MOITHOCTH yeTaHOBKH KBT (Tabmmma 1).

Tab6muma 1
CpaBHUTENbHBIE XaPAKTEPUCTUKH JIOKATBHBIX OYHCTHBIX COOPYKEHUI
aBTOMOOWIBHBIX ABTOMOEK

HanmenoBanue 20, % | MonHoCTb,
YCTaHOBKH Lena CebecTonMoCTh kBT
yCTaHOBKM, |ouncTku 1 M% Bojpl,
pyo. py6./m3
Karcher 362500 69,65 94,5 1,2
YM CO33 120000 23,88 99 7,5
CamapaABTOrex| 86700 6,57 99 2,0

AHanu3 CpaBHUTEJIBHBIX XapaKTePUCTHK I0Ka3aj, 4To Hauboiee
ONTUMANFHBIMH  ITapaMeTpaMH  00JajaeT  ycTaHOBKa  O0OOPOTHOTO
BosocHaOxeHms pupmel «CamapaABTOTex», cxema KOoTopoit OblTa B3sTa 3a
OCHOBY pa3padaThIBAEMOM CHCTEMbI OYUCTKU CTOYHBIX BOJ.

BoJIBIIMHCTBO YCTAHOBOK IPH CBOEGH BBICOKO CTENEHH OYHMCTKH
UMEIOT  JOCTAaTOYHO  CJIOXKHYH)  CHUCTEMY  OUHCTKHM, TpeOyIOIIyIo
KBaIN(UIUPOBAHHOTO NEPCOHANA /sl 0OCIY)KMBAaHHS YCTaHOBKH, 3aTPaThl
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Ha peareHThl W JIOCTaTOYHO KpymnHoraGapuTHble. [IpoBeneHHBIH aHaIH3
nmeromuxcst JIOC nokazan He0OX0IMMOCTh MOJICPHU3AIMH CYIIECTBYIOIINX
cucteM [3, c. 180].

K wMmanpiM  00BEKTaM OTHOCATCS MeEJKHE IepepadaThIBaroLe
NpeNpUsATHs, aBTONPENNPUATHS, aBTO3aNpPaBOUHBIE CTaHLMHU, CKIAJIbI,
nepeBanovHble 0a3bl W T.JA., PACIOJIOXKEHHBIC BHE KPYITHBIX HACEICHHBIX
myHKTOB. COCTaB MOBEPXHOCTHBIX CTOYHBIX BOJ, 00pa3yIOMNXCs BO BPEMs
JOXKISL WM TasHUS CHETa, 3aBUCHT OT mpodmis o0beKTa M BKIIOYAET
KOMITOHEHTHI CBIPBSl ¥ TOTOBOH MPOIYKIUH. DTH KOMIOHEHTHI ITONAAAI0T Ha
MIOBEPXHOCTh TEPPUTOPHUH OOBEKTa BO BPEMS IOTPY304HO-PA3rPY30UHBIX
paboT M TMPOTEUKH BO BpPEMs TEXHOJIOTMYECKOro Tmporecca. Takxke Ha
MOBEPXHOCTh TEPPUTOPUH OOBEKTa MOTYT IONanaTh HEePTENPOIYKTHl OT
TPaHCIOPTA B BUJE YTEUKU FOPIOYE-CMA30UHBIX MaTEPUAJIOB U IPSI3b C KOJIEC.

IIpy nDpoexTUpOBaHUU COOPYKEHUIl IO OYMCTKE IOBEPXHOCTHBIX
CTOYHBIX BOJI OT MaJIbIX OOBEKTOB CIIEAYET YACIUTh OOJbIIOe BHUMAHUE HX
HAJIe)KHOCTH, KOMIIAaKTHOCTH, aBTOMAaTHM3allid pabOTBl W  MPOCTOTE
oOcmyxuBanus. [IpuHIun BeIOOpa U pacueTa COOpYKEHUIH TakoH ke, KaK
IIPH OYHMCTKE MOBEPXHOCTHBIX CTOYHBIX BOJ KPYIHBIX HACEIEHHBIX IIyHKTOB,
IPENOYTUTENILHO HCHOIb30BAHUE OYHMCTHBIX COOPYXKEHHMH 3aBOACKOIO
H3TOTOBIICHHUS.

[IpumepoM  Takoro pelleHWs OYUCTHBIX  COOPYXKEHHMH I
MOBEPXHOCTHBIX ~ CTOYHBIX BOJ ABISETCA KOMIUIEKC IO OYHCTKE
NIOBEPXHOCTHBIX ~ CTOYHBIX  BOJ, BK/IIOYAIOIIUNW  IPEABAPUTEIILHYIO
MEXaHMUYECKYI0 OUYUCTKY OT IUIAaBalOUIMX IpUMeced, Iecka Hu
rpy0oAnCIIepCHBIX HEPTENPOIYKTOB U MIOCIIEIOBATENIbHOE (PUIBTPOBAHUE Ha
(bUIbTPax ¢ YroJIbHOM U YrOJIbHO-BOJIOKHUCTOH 3arpy3KOii.
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ONPEJEJEHHME OKTAHOBOT' O YNCJIA
ABTOMOBWJIBHbBIX BEH3UHOB

Annomayus. B maHHOU cTaThe aBTOPOM OCYIIECTBIICHAa paboTa II0
OIIPENICNICHUI0 OKTAHOBOTO YHCIa OCH3MHOB pa3HOM Mapku. [Ipeamerom
WCCIICIOBAHUS SIBISIETCS HM3MEPEHHE AMAICKTPUYECKOW MPOHHIAEMOCTH
TOIUIMBA U TOCJIEAYIONIEro ONpeAeIeHHs OKTaHOBOTO Ynciia. B pesynbrare
HCCIICIOBaHU OOHAPYXKEHO, 4YTO OKTaHOBble umciaa OecHsmHa A3C
«bamedTe» Mapku AN-92, A3C «Kontunent» r. IOprozans, A3C
«Ufaoil» cooTBeTCTBYIOT 3asBICHHBIM MOKA3aTeNsIM, a OKTAHOBBIC YHCIIA
6ensuna A3C «IIporpecey» r. bupck u A3C «Yiryup» HIKe 3asSBICHHBIX.

Knouegvie cnosa: O€H3UMH, OKTaHOBOE YHUCIO, AETOHAIMOHHAS
CTOWKOCTB, KAUECTBO ABTOMOOMIIBHEIX OCH3MHOB, OKTAaHOMETP, METOJIBI.

OKTaHOBOE YHCIIO - TJIABHBII IIOKa3aTelb KadecTBa OCH3WHOB,
3aBUCAIIMK OT TIIPUPOJBI HE(TENPOAYKTa, CTPYKTYpPHl YIIJICBOAOPOJIOB,
(hpakIMOHHOTO cOCTaBa, XMMHYECKOH M (u3mueckoil ycTOHYMBOCTH,
COJICPXKAHUS CEPHI.

Hamu c¢ wucnosnp3oBaHMEM OKTAaHOMETPA OIpPENENeHBl OKTAHOBBIE
qrcia psia OSH3MHOB U C/IeTaH aHAJIN3 Ha COOTBETCTBUE OKTAHOBOTO YHMCIIA
3asIBIICHHOMY.

B HacTosmmee Bpems CYIIECTBYIOT TPH METOAA ONPEACICHUS
oktanoBoro ugucna (OY) 6ensuna. Motopasiii Meton (OUM) ocHOBaH Ha
croco0e NMPOBEPKU IETOHALMOHHOW CTOMKOCTH TOIUIMBA P SKCIUTyaTaIlUH
AaBTOMOOWJISI HA MAaKCUMAaJbHOW CKOPOCTH JBHrartesisi, mpuMepHo Ha 900-x
000poTax B MUHYTY, U, COOTBETCTBEHHO, IIPH MOBBIIICHHON TeMIIepaType.
Jisi moydeHus TOYHBIX DPEe3yJbTAaTOB JIBUTATENIO IOAAIOT HCIIBITYEMBIH
oOpaszer] TOIUIMBA M CMECh IEPBUYHBIX ATAIOHHBIX TOIUIMB. McmblTanue
O0eH3MHOB MOTOPHBIM MeTo oM mpoBoauTcs 1o ['OCT 511-82 «TormmmBo s
nBurateseil. MOTOPHBIH METOJT OTIpe/IeIeHHsT OKTAHOBOTO dnciay [1].

HUccnenosatensckuii meton periamentupyercs [OCT 8226-2015 [2],
oH Oonee MaTKuH, oTianyaercs oT OUM unciiom 060pPOTOB IBUTATEINS, Ha
KOTOPOM MPOBOAUTCS HCTBITAHWE, B OCHOBHOM MpH PaboOTe B YCIOBHAX
TOpPOJICKOH cpenbl, mpuMepHO 600 060pOTOB B MHHYTY. B 3aBHCHMOCTH OT
TOTO, KAKOW METOJ MCIOJB3y€ETCsl, MEHSIETCS] OKTaHOBOE uncio. IlosTomy B
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Mapkax TOIUIMB YyKa3bIBAeTCS, KaKUM METOJOM OBUIO IPOBEICHO
HCCIICIOBaHMUE.

[MpuGopHelii Mmeton onpexneneHus OY OeH3MHa C  MOMOILIBIO
OKTaHOMETpPa OCHOBAH Ha OMNpPEAEICHUU AUAIEKTPHUUECKON MPOHUIIAEMOCTU
Oensuna. [IpenmymiecTBo  MeToia  3aKiIiO4yaeTcss B INEPBUYHOM,
npeanonaraeMoi MHGOPMAIMK O KadyecTBE IIPOAYKTa W IPOCTOTE B
UCTIONIb30BaHHN.

Pe3yabTaTtsl u 00cy:KIeHHE

HccrenoBanme mnposeneHo B jnabopatopun bupckoro ¢unmana
YVYHuT na npudope «OKTHC-2» M0 METOAY HOTPYKSHHUS.

OObeKTaMH  HCCIEIOBaHMS SBISIOTCA OCH3WHBI AKIIMOHEPHBIX
3anpaBoK, oTtoOpaHHbie B PecmyOnuke bamikoprocran u YensOuHCKOMH
obnactu:

IIpo6a Nel — A3C «Kontunent» nep. Komobosa, 8, UensOunckas
obnacte, KaraB-lBanoBckuii paiion, ropon IOprozanp, UYensOuHCKas
00J1aCTh;

Ipob6a Ne2 — A3C «IIporpeccy ynuna Konbuesas, 2, ropoa bupck,
Pecny6imka bamkoprocran;

[poba Ne3 — A3C «bamHedTh» ymuma Mupa, 141, ropox bupck,
Pecny6imka bamkoprocran;

IIpoda Ned — A3C «Yayup» ynuna Kpynckast, CanaBarckuil paiioH,
ceno MypcamumkuHo, Pecriy6onmka bamkoprocran;

IMpo6a Ne5 — A3C «Ufaoily ynmuna 3aBoackas, 1, ropox Ycere-Karas,
YensOuHckast 001acTs.

Pe3ynbraThl Hccne[0BaHUS IPEICTABICHBI B Ta0IHUIIE.

Tabmuua 1. 3HaueHns OKTaHOBOTO YHCIIA
UCCJIETyeMOro OeH3UHA

[Ipo6s! necnexyemspIx IToxazarens OY
OEH3MHOB
IMpoba 1 92
[TpoGa 2 85
ITpoGa 3 92
[Tpoba 4 87
ITpoGa 5 95

W3 tabnuibl BUAHO, uTo 6eH3uHBI Mapku AN-92 A3C «IIporpece» u
«YJ'IyI/Ip)) Ha IMATb U TPpU C€IAUHUIIBI COOTBETCTBECHHO MCHLIIC 3asBJICHHBIX,
IPH HOPME OTKJIOHCHHS OKTAaHOBOTO YHCNIAa OCH3WHA TpPU H3MEPCHUU
MIPUMEPHO Ha 1,5 eIMHUIIBI OT 3asBIICHHOTO.

Kak cnecTBue HI3KOE 3HAYCHHE OKTAHOBOTO YUCIIA MOXKET IPUBECTU
K CaMOBOCIUIAMCHCHHIO BO3AYIIHO-TOIUIMBHON CMECH B LWIMHAPAX, YTO
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HEeraTUBHO CKa3bIBA€TCSI Ha JBHrartene aBTOMOOWIS. (DaKkTHuecKH
MPOU3BOJUTENN TOIUIMBA MOTYT OOXOOUThCS O€3 MPHUCaNOK, OAHAKO, 3TO
MOXET 3HaYUTEJIbHO CKa3aThCsl Ha CE0ECTOMMOCTH MPOTYKIINH.

OKTaHOBOE YHCIIO - 1T0KA3aTellb HE TOJNBKO KOHIIEHTPAIUU TIPHCAI0K
B TOIUIMBE, HO M YHUCTOTHI, COCTaBa U MHOXXECTBO JApyrux ¢akropos. B
KagecTBe OyCTepOB MOTYT OBITH HOOABIICHBI HE3HAYWTEIBHBIE KOIMIECTBA
JeTy4YnX 100aBOK, KOTOPBIE CO BPEMEHEM HCHAPSIIOTCS U3 OCH3MHA, TIPH 3TOM
CHIKas ero OKTaHOBOE YHCIIO, COBPEMCHHBIE TIPUCAKU
METHATPETOYTUIOBBIA 3(QHUp TNpHUMEHSETCS 0e3 BPEIHBIX AIKOJOTHUECKIX
MOCJIeICTBUN 1 Oe3 Bpena Al 37I0pOBbs UeJIOBEKa. Takke HEMAIOBAXKHYIO
pONb WrpaeT WCXOIHOE ChIpbe: HE(Th, I0ObIBacMas M3 Pa3IMIHBIX
MECTOPOXKICHUH, MOXET WMETh pa3Hble XapakTePUCTHKH, TaK Kak
HCKOTOPLIC HU3TOTOBUTECIN MPOU3BOAAT MPOAYKT C 6onee BBICOKHM
C€CTCCTBCHHBIM OKTaHOBBIM YHCJIOM.

Mapxku 6enzunoB AU-92 u AN-95 moaxoasT Ijs UCTONb30BaHUS B
pa3HBIX JBUTATENsIX, CMOTPS KaKoe IPEIIIOYUTAET aBTOJIIOOUTEINb.
OxraHoBoe uymciao 95 o3Hauaer cmecb w3  95%  u300KTaHa
(BBICOKOOKTaHOBOTO ~ KOMIOHEHTa) ® 5%  HOPMaJbHOTO TENTaHa
(HM3KOOKTaHOBOTO KOMIIOHEHTa). TeopeTHyecKH TOMIMBO C OKTaHOBBIM
YUCIOM 95 MOAXOIMT /I JBHUTaTeNeil ¢ Goee BHICOKOH CTENEHBIO CHKaTHS,
COOTBETCTBEHHO, YCTOMYMBOCTh K JICTOHAIIMM 3HAYUTENBHO BhIIE. beH3uH
Mapku AM-92 npuHATO cUMTaTh YHUBEPCAIBHBIM, MPEIIIOUYTHTEIHLHBIM IS
COBPEMEHHBIX MOTOPOB 1 BBII'OJJHBIM C YKOHOMHYECKOH TOYKH 3pCHUA.

Onpenenenne OY ¢ nmomomnisio npudopa «OKTHC-2» TPOBOAUTCS Ha
OTKPBITOM BO3QYyX€ WJIM B XOPOLIO MPOBETPHUBACMOM IOMCIICHUH, ‘-ITO6I)I
UCKIIIOYNTh KOHLEeHTpanuio OensuHoB. Ilpu pabore mpubopa B pexume
NOTPYXKEHHs, M3MEpHUTeIbHAs TpyOKa TOMelaeTcs B EeMKOCTh C
AHAJIU3UPYEMBIM OCH3MHOM u PaCCUYUTBIBAIOTCS nmoxasarciiy,
M3MEpHUTENIbHBIE IMKIIBI BBHITOJHAIOTCS HEe MeHee Tpex pas. «Okruc-2»
MO3BOJISIET ~ M3MEPUTHh  MapaMeTpbl  CIEAyIOmMX  BHJIOB  OcH3MHA:
HE3THIIMPOBAHHBIX, STWIIMPOBAHHBIX U C IIPUCAIKAMH.

3akn0ueHnne

[TpnbopHBIM METOJOM OIPEAEIEHO OKTAaHOBOE 4YHCIO OEH3MHOB
aknuoHepHo# 3anpasku Pb r. bupck «IIporpeccy» mapku AU-92, [TAO AHK
«bamred Ty, cetn A3C «Kourunenr», «Ufaoily UensGunckoi obaactu u
A3C «Yayup» AHN-95 c. Mypcamumkuno. IlokazaHo, 9TO 3asBICHHBIM
TpeGoBaHusAIM cooTBeTcTByeT ToubKO TorumBa ITAO AHK «bammedTs»
Mapxku AU-92, A3C «Kontunent» u «Ufaoil». s noBbIIEHHs OKTAHOBOTO
4HciIa KakKA0ro He(hTenpoayKTa, MPaKTHIECKN BO BCE TOIUIMBA JOOABIAIOT
NPUCAIKY, TaK KaK MOKa3aTelb «YHUCTOrO OCH3MHA», TOJyYCHHBIH ITyTeM
NPOCTOM TIeperoHku HedTH, He npeBbicHT 60, B HHUX cojepKarcs
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YIJIEBOJIOPOJBI C IMHEUHBIMH MOJIEKYJISIPHBIMU LienoukaMu. J{J1s mosryueHus
PAa3BETBIICHHBIX YTJICBOJIOPOJOB, HE()Th MPOXOAMUT uepe3 pUGOPMHUHT U
kpekuHr. OT Tumna U KOJWYeCTBa MPUCAJOK 3aBHCUT UTOTOBBIH MOKa3aTeb,
pa3pelieHHbIN perasameHToM PD.
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APKUE XEMUJIIOMUHECIEHTHBIE KOMIIO3UIIUU HA
OCHOBE COEJJMHEHUM IBYXBAJIEHTHOI'O EBPOIIUSA

XemumomuHecueHus (XJI) — 3To peakoe M yHHKaIbHOE SIBICHHE
M3JIyYeHHs] CBETa, KOTOPOE COMPOBOXKAAET XHMHUECKYIO peakiuioo. B
Hacrosiiee Bpemsi uHTepec K XJI BbI3BaH He TOJNBKO (QyHIaMEHTaJIbHBIMH
aCIeKTaMH, HO ¥ pealibHOI BO3MOKHOCTBIO HUCIIOJIb30BAHUSI 3TOTO SIBJICHUS
B AHAJIUTHYCCKOM XUMHH, MEIMIIMHE, MPH MPOU3BOACTBE XHUMHUYCCKHUX
Ja3epoB M XUMHYECKHX HCTOYHHMKOB cBeTa (XMC) Ha OCHOBe SpKHX
XEMWIIOMHHECIIEHTHRIX ~ KoMmmo3uiuii. XWC B mepByr  ouepenb
BOCTpcOOBaHbI B KAa4eCTBE JONOJIHUTEIFHOIO WCTOYHHKA CBETa JIs
aBapUITHOTO ¥ OBITOBOTO OCBEIICHHS WIIM CUTHATU3AIHH.

[lo KOHCTPYKIHMM XEMWIIOMHUHCCICHTHBIC HCTOYHHKH  CBETa
MPEJCTAaBIAIOT CcO0OW TpO3pavyHyro, THOKYH TpyOKy € pPacTBOPOM
MOMHHOGOpa W aKTUBATOpa, BHYTPH KOTOPOH IMOMEMICHA CTCKISTHHAS
amITyJia ¢ pacTBOPOM OKHCIHUTEIsI W KaTanu3atopa. [Ipu pa3nmaMbiBaHUU
BHYTPEHHEH aMIlyJibl KOMIIOHEHThI CMEIINBAIOTCS U BO3HUKAET CBEYCHHE,
SPKOCTh KOTOPOTO OOpaTHO MPOIOPLUOHAIBHA MPOJOJDKATEIBHOCTH
ceueHust (ot 60 cexyHm mo 3-4 cyrtok). B mHacrosmee Bpems XUC
MPOM3BOIAT Ha OCHOBe Hambosiee O(PGEKTHBHBIX TI0 CBETOOTHAYE
MIEPOKCHIHO-OKCANIATHBIX cucTeM [ 1]. B wacTHOCTH, B KauecTBe aKTHUBAaTOPOB
npumensitores  (0uc-(2,4,6-tpuxiopdennn) okcamar (TCPO), Owuc-(6-
neHTuiIokcukapoonmi-2,4,5-tpuxnopdenmn) oxcamar (CPPO) u nmpyrue
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apwiokcanatel. CTOMT OTMETUTh, YTO J(PPEKTHUBHOCTH NPECBPALICHUS
SHEPruu XUMHUYECKOU peaklUd B CBETOBYIO JUJIsl MEPOKCUIHO-OKCATATHBIX
CHCTEM JOCTUraeT peKOpIHbIX 3HaueHn. Hanmpumep, kBaHTOBBIH BbIxoA XJI
s cuctembl CPPO/H20; cocraBnsier 10-16%. Onnako 3G ¢GeKTHBHOCTD U
CBETOOTAaua 3TUX KOMIIO3ULIUNA CYIIECTBEHHO 3aBUCHUT OT IIEJIOr0 psiaa
(hakTOpOB, cpemu KOTOPBIX pH cpemsl, MOJIBHBIE COOTHOIICHHS PEarcHTOB,
KOHIICHTPAIN aKTHBAaTOPa, MPUPOAA PACTBOPHUTENS W JTIOMHHO(OpPA U T.n.
Hecmorps ©Ha  BBICOKYIO 3((eKTHBHOCTH  MEPOKCHIHO-OKCATATHBIX
XEMUIIOMUHECIIEHTHRIX KoMmo3umuii, XMC Ha uX O0OCHOBe 00JamaroT
CYILIECTBEHHBIMH  HENOCTaTKAMHU: B COCTAaB  KOMIIO3ULIUM  BXOIAT
JIOPOTOCTOSIINE UCXOIHBIC PEareHThl, CHCTEMa HecTaOmIbHa M HeclmocoOHa
K «mepe3apsiake», T.K. B XOJI€ XEMWIIOMHHECIICHTHOM peakuuu
apuIIOKcanaThl HEOOPaTUMO pearupyeT ¢ 00pa3oBaHHUEM BBICOKOTOKCHYHBIX
rajJoreHcoJiepKallux OpraHudeckux coenuHenuid. [locnenuuit dakrop —
OTIPEJICNIAIONINN, TMO3TOMY, B CBS3H C BO3POCHIMMH DKOJOTMYECKUMU
HOpMaMH U TPEOOBAHHUSIMH IO OXPAHE OKPYKAIOIICH CPEIbl, IUIICH3HOHHOE
npousBoJcTB0O XMC Ha OCHOBE MEPOKCHUIHO-OKCATATHBIX CHCTEM BO BCEM
mupe (kpome KHP) 3anpemnieno.

B HacTosmiee BpeMst OHUMH U3 HanOoJee MIMPOKO HCIONB3YeMBIX U
3(h(EeKTUBHBIX JTIOMHHO(POPOB SBISAIOTCS MAaTepHAINBl, AKTUBHPOBAHHBIC
JIByXBaJICHTHBIM ~€BponueM. Tak, HEOpraHM4ecKue U KOMILJIEKCHBIE
coequaeHus Eu(ll) mnpuMeHSIOTCS TPH  M3TOTOBJICHWH  JIUCIUIEEB,
WMCTOYHUKOB CBETA, JTIOMUHECIIEHTHBIX Kpacok W T.1. HecMoTps Ha cToub
mmpokoe mnpuMeHeHne coeauHeHui Eu(ll), reHepamus u u3iIydeHue
JIByXBAJIECHTHOTO €BPOMUS B XEMUITIOMHUHECIIEHTHON peakIuy oOHapyKeHa
OTHOCUTENIbHO HefaBHO [2]. [leiicTBUTEenbHO, paHee  H3BECTHHIE
XEMUITIOMUHECIIEHTHBIE PEaKIMU C yYaCTUEM JIBYXBAJICHTHBIX JIAHTAHUJIOB
00yCIIOBJICHBI M3JIYY€HUEM 3JIEKTPOHHO-BO30YKICHHBIX COCTOSHHIA MOHOB
He IByX-, a TpeXBaleHTHBIX JaHTaHumoB Ln®'* ob6pasyromuxcs npu
OKHCJIEHMH HOHOB L.n?* KMCIIOPO/IOM, TIEPOKCHIIOM BOJIOPOJIA MM BOIOH [3].
IlepBas peructpanus Eu?™* m Sm?'* B XeMIIIOMHHECLEHTHBIX PEAKIHAX
ocyiecTsieHa B pepokc-cuctemax «LnCly-6H,O-TT®-Bu,AlH-02», rae
Ln = Eu [3] mm Ln = Sm [4]. Honsl Ln?" 06pa3yiorcs B 3THX cucTeMax in
Situ, T.e. B PEaKIMOHHOM pacTBOpe HpH BoccTaHoBIeHmH Ln®*' mo Ln?
runpunoM 'BupAlH. TIpudem B cityuae eBpornus HabIOAaeTCs APKO-TOTyOas
BuauMas TiazoMm XJI, KoTopas XapakTepHu3yeTcss OTHOCHTEILHO BBICOKUM
KBaHTOBBIM BBIXOJIOM U MPOJOHKUTEILHOM ITTUTETLHOCTHIO CBEYECHUS OKOJIO
2 CyTOK IIpH YMEPEHHOM JIOCTYIIE KUCIOPOA.

Hamm nocneaHue HaydHbIE SKCIIEPUMEHTHI IIOKa3ajld, YTO 3aMeEHa
WUCXOJHBIX COCOUHEHHWH TpexBalieHTHoro eBpormms EulzxHO B
XEMUIIOMUHecHeHTHOH  cucteMe  «EuLsxH20-BuAlH-TT®-O»  nHa
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auranorenuast esponus Eul, (L = Cl, Br, I) npuBoauT x 3HaunTeIBHOMY
YBEJIMUEHHUIO (HA MOPAJOK) MHTErpalbHOM MHTEHCHUBHOCTH (CBETOCYMMBI)
XEeMMWJIIOMHHECIIGHTHOrO cBedueHus [5]. Tak, B XEeMMIIOMHHECIEHTHOH
cUcTeME C 3arpy3koil uoauga eBponMs, HaOJogaeTcs 3eleHoe |
IPOAOIDKUTENIbHOE cBeueHue ~2-3 u. [l xjopuga U OpoMuIa eBpomus
BpeMsI BBICBEUHMBAHHUS COCTaBIseT mpuMepHO 20 MHUHYT, a MakcuMyMm XJI
pacrionaraercs B CHHEH 00IacTu.

Mexanm3m reHeparmmn XJI B m3ydaeMol cHcTeME MOXET OBITh
MIPEACTaBICH B BHAE YIPOIIEHHOH cxembl (cxema 1). YUuTbIBas, 4TO
mepBUYHBIN AmuTTep XJI — TPHUIUIETHO-BO3OY>KACHHBIA HM30MACIITHBIN
anperux - obpasyercs IpU JUCIPONOPIMOHUPOBAHUH TIEPOKCHIBHBIX
PaIMKaNoB IpH CBOGOJHO-PAAUKAILHOM OKucIeHnn 'BuUAlH kucmopomom,
To obOHapyxeHHas XJI CUIBHO 3aBHCHUT OT COJEp)KaHMA KHCIOpOAa B
PEaKkIMOHHOM pacTBope. Tak, OHa IOJHOCTBIO OTCYTCTBYeT IIPH €ro
yHaleHUH U JETKO PETHCTPUPYETCS HEBOOPYKEHHBIM IJIa30M IpHU
OTrpaHMYEHHOM JIOCTyNE Ha IOBEPXHOCTH paszzena (a3 «pacTBOPUTEINb-
BO3yX» B TE€UCHUE PEKOPAHBIX 2-3 MHEH.

Cxema 1
. O . *
R,AIH + 0, —» R —2+ ROO’ — 3Me,CHC(H)O (1)
3Me,CHC(H)O" — Me,CHC(H)O + hv (®XJT) 2)

3Me,CHC(H)O" + Eu?* —= Me,CHC(H)O + Ev?*"—=Eu?" +hv (XJ)  (3)

Takum o0pazom, 0OHapyKEHBI u HU3yYECHBI HOBBIE
XCMUJIIOMHMHCCICHTHBIC CHUCTEMBI, MNEPCHCKTHUBHBIC JJIA CO31aHuA
XUMHYCCKHUX HMCTOYHHMKOB CBE€Ta HOBOI'O IIOKOJICHHUA, OTIHYAOMMUECA
BBICOKOM SAPKOCTBIO u JIETKOCTBIO peryiampoBaHus oBETa
XCMHUIKOMHUHECCICHIIMU OT FOHy6OI‘O J0 3CJICHOI0 IMyTEM BapbUPOBAHHUA
MPUPOJIBI TAJIOUIHOTO aHWOHA.
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CPABHEHHUE OTAEJIBHBIX ®U3NKO-XUMHNYECKUX
MOKA3ATEJIEM HE®@THU POMAIIKMHCKOI'O
MECTOPOXKIEHNA PECITYBJIMKHA TATAPCTAH "
IMPUOBCKOT'O MECTOPOXJIEHUS XMAO I0OI'PA

AHHOTauus. B n1aHHOM cTaTbe aBTOPOM OCYILIECTBJIEH CPAaBHUTENbHBII
aHamM3 (PHU3UKO-XMMHUYECKAX CBOWCTB HE(PTH MABYX MECTOPOKICHUIL:
PomamknaCKOE MecTopokaeHue pecmybOnuka Tarapcran u I[IpmoGckoe
Mectopoxkaenne XMAO IOrpa.

KnroueBbie  cioBa: HedTh, PoMamkuHCKOE  MECTOPOXXICHHE,
[IproGckoe MecTOpOXKIAeHHe, aHalu3, IUIOTHOCTh, XJIOPUCTBIE COJIH,
MEXaHHYECKHE TIPUMECH.

Hed1h — onuH u3 Hambosee BaXKHBIX YHEPTETUUECKUX PECYPCOB, OHA
SBISIETCS. OCHOBHBIM CBHIPbEM JJIsI TPOM3BOACTBA OCH3WHA, AN3EIHHOTO
TOIUTMBA, Ma3yTa W Jpyrux HedrempoaykToB. Kaxkmoe MecTopoxkicHHE
HE(TH MMEET CBOM YHUKAIbHBIC XapaKTCPUCTHKH, KOTOPBIC HEOOXOIHMO
W3yYUTh U TPOAHATU3UPOBATH IIEPE]] Ha4alloM Pa3pabOTKH.

Hedtaapie mectopoxaennss Pomamkuackoe u [IpuoOckoe sSBISIOTCS
OJTHUMH W3 CaMbIX BaXHBIX Jsi Poccuu. Ob0a MeCTOPOKICHHUS HAXOISATCS
CPaBHUTEIBHO OJHM3KO JAPYT K APYTY, HO UMEIOT CYNICCTBEHHBIC OTIUYHS B
KadgecTBe J0ObIBaeMoil HehTH. MecTOpOXKIEHHS M3BECTHBI CBOCH HE(THIO C
BBICOKOH TJIOTHOCTHIO M HU3KUM COJIEPIKAaHUEM CEPhI; OTIIMYAIOTCS (PU3HKO-
XUMHUYECKOH CTaOWJIBHOCTBIO M HEBBICOKOH BS3KOCThIO. HedTh u3
ITpnoGckoro u PomamkuHCcKOTO MECTOPOXKICHUIN CUUTaeTCA
BBICOKOKAU€CTBEHHOM.

OObekTaMH JaHHOTO WCCIICOBAaHUS SBHJIACH ChIpas HEPTh IBYX
MECTOPOXKICHUN (nasiee OOBEKThI): POMAIIKUHCKOTO MECTOPOXKICHUS
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pecriyonmuku Tarapcran u IIpuob6ekoro mecropoxaenuss XMAO HOrpa.
Ot6op npob mpoBoxuics B cooTBeTcTBuu ¢ TpeboBanusamu ['OCT [1]. B
npobe HedTH ompenessu cienyromue GU3NKO-XUMUYECKUE MOKa3aTelH:
IUIOTHOCTb, COJCpPXKAHME MEXaHMUECKUX MpHUMeced U KOHLEHTPAIUIo
XJIOPUCTBIX COJIEH.

OmnpeneneHne IIOTHOCTH HE(PTH TPOBOAMIOCH B COOTBETCTBHH C
I'OCT [2]. CymHOCTs MeTOma 3aKJIF0OYaeTcss B MOTPYKCHUH apeoMeTpa B
UCTIBITYEMBIH TPOAYKT, CHSATHSA MOKa3aHWsA II0 IIKaJle apeoMeTpa IpH
temneparype 20°C. Pe3ynpraTel M3MEpeHHs IIOKa3aldd, 4YTO HEPTh U3
POMAILKHHCKOTO MECTOPOKAEHHS MMeeT MIoTHOCTh 0,899 r/cm® | a HedTh U3
ITpro6CKOro MeCTOpPOkKAEHHS UMeeT IIoTHOCTh 0,863 r/em®.

MaccoByto [10/1H0 MEXaHMYECKHUX IPHUMECEH ONpeaessiii COrjacHo
I'OCT |[3]. B pesyaprare aHanumza He()Th u3 POMAaIIKMHCKOTO
Mectopoxaenus umeer 0,0697 % mexaHuuecKHX NpuMmeced, a HeQTh U3
IMpuo6ekoro mecropoxaenus — 0,0823%. CnenoarenbHo, MaccoBast A0JIs
MeXaHWYeCKUX MpuMecei Bhile B He(pTH [IpHodCckoro MecToposkaeH s, YTO
IIPUBOJUT K YBEIHUYCHHUIO H3HOCA TPYO U CHIKECHHIO TPOU3BOAUTEIBHOCTH.

MaccoBylo KOHICHTpAIMIO XJIOPUCTBIX cojJedl B HedTH wu3Mepsn
TUTpOBaHWEM BojaHOro oSkcrpakta cormacio ['OCT [4]. Pesynbrarsr
U3MEpEeHNsl TMOKa3ald, 4YTO COJEepKaHHE XJIOPHCTHIX coyiell B HedTH
IIpuobekoro MecTopoxaeHus coctabnser 44383 mr/am®, a B HedTu
PomamkuHCKOTO MecTopoxkaerns — 1682,5 mr/am3. U3 sToro CIIEyeT, 94TO
HaunOonblee coaepskanue coneit B Hetr [IprnoOckoro MecTopoXXIaeHusI, 4TO
MIPUBOJMT K KOPPO3UH METAIIIA TEXHOJIOTMIECKNX YCTaHOBOK.

Takum o00pa3oM, CpaBHUTENBHBIH aHAIN3 OTAEIBHBIX (PHU3NKO-
XMMHUYECKHX CBOMCTB He(pTH TMoKa3al, 4To HedTh PomamikuHCKOrO
MECTOPOXKICHUSI MOXHO OTHECTH K TSDKEJIBIM He(pTIM C MajbIM
CONlepKaHWEeM XJIOPHCTHIX colell M MexaHndeckux mnpumeceid. Hedrts
[Tprobckoro MECTOPOKIACHUS MOYKHO OTHECTH K JISTKUM HE(PTAM ¢ O0OIBIINM
COJIEP’)KaHUEM XJIOPUCTBIX COJIEH U MEXaHUYECKUX MIPUMECEN.
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