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HccaenoBanue Tenji0npoBOTHOCTH KJI€EHBIX IePeBAHHBIX OPYyCheB
METOA0M MMHUTALIMOHHOI0 MOIEJIMPOBAHMS

Hanunos FO.I1., Teros P.H.

KocTpomckoit rocy1apCTBEHHBIN TEXHOJIOTUYECKU YHUBEPCUTET

Annomayus. BcneOcmeue Hanuyusi cyuko8 menjionpo8oOHOCHb KIeeH020
opyca nepagnomepHa no oaune. Tennonposoonocms cyukos 6 3 — 4 pasza eviuie
menionpogooHocmu opesecunvl. Iloomomy 6 cuyuyae coO8nAOEHUsi NOJIOHCEHUS
KPYHHbIX CYYKO8 80 BHYMPEHHUX aMensix, 8 opyce MOo2ym 803HUKAMb YUACMKU C
NOBLIULEHHOU MeNnionpPo8OOHOCMbIO («MOCMUKU X0100a»). B cmamvbe uznazaromes
pe3yibmamvl U3y4eHus 8epOAMHOCU 00pA308AHUSL «(MOCMUKO8 X0100a» 8 Kilee-
HbIX OpYyCbax paziuuynou KoHcmpykyuu. Hccnedoeanue npogoounoce memooom
UMUMAYUOHHO20 MOOETUPOBAHUS.

Knrouesvie cnosa: Oepegannoe domocmpoenue, KieeHvlll 0epessHHbll OpYC,
Menionpo8oOHOCMb Ope8eCUulbl, NOPOKU OPeBEeCUHbl, UMUMAYUOHHOE MOOeIUpo-

earue, uMumayuoHHaA Mooeib

B Hacrosiee BpeMs B JIOMOCTPOCHUU MOJYyUMII IIHUPOKOE PACIPOCTPAHEHUE
CTEHOBOM KiieeHbld AepeBsiHHbIN Opyc (KJIB). DToT Marepuan momydaercs myTem
CKJIEMBAHUS HECKOJIBKUX CJIO€B MUJIOMATEPUAJIOB (JlaMeliel ), MpuieM B HapyKHBIX
CJIOSIX MPUMEHSIOTCS BRICOKOKaUE€CTBEHHBIE MUJIOMATepHalibl, TOUYTH 0€3 CYYKOB, a
JUIsl BHYTPEHHUX CJIOEB — JIaMeNH ¢ 0oJjiee HU3KUMU TPEOOBAHHUSAMHU K Ka4eCTBY
JIPEBECUHBI.

Bennunna kosdunrerTa TemIonpoBOAHOCTH APEBECUHBI NMPU MPOYUX pPaB-
HBIX YCJIOBHUSIX 3aBUCUT OT HAIIPaBJICHHS TEIJIOBOIO MOTOKA OTHOCUTEIBHO BOJIO-
KOH JipeBecUHbI. M3BECTHO, UTO TEIJIOMPOBOJHOCTh JAPEBECHUHBI BJIOJL BOJIOKOH
npuMepHo B 2,2 — 3 pasa Oosbliie, 4eM B paauanbHoM HampasieHuu [1]. Kpome
TOT0, IJIOTHOCTh JPEBECUHBI COCHOBBIX CYYKOB cocTaBisieT p.~600 KF/M3, YTO BbI-

. o 3
1lI€ TUIOTHOCTH YUCTOBOM JPEBECHHBI COCHBI , PABHOM Pn,=400 kr/m”. Takum oOpa-



30M, KOI(POUIMEHT TEIJIONPOBOJHOCTH JPEBECHHBI CYYKOB B TMPOAOIHHOM
HanpaslieHuH 3-4 pasa Beile KO (UIIMEHTa TEIIONPOBOIHOCTA OOBIYHON JpeBe-
CHHBI B paJualibHOM HarpaBiieHuU. B unctoBoil npeBecune K/Ib TennoBoi moTok
IIPOXOJUT B PAaJMaIbHOM, OTHOCUTEIBHO BOJIOKOM, HAIlPABJICHUH, 4 B CY4YKax — B
nponoiabHOM. [lo3TOMy, €cii B CMEKHBIX BHYTPEHHHX JIAMEJISAX IMOJIOKEHHUE Cyd-
KOB COBIMAJIET, MOXET 00pa30BaThCsi «MOCTHK Xoyiofa», T.e. ydyactok KJIb, rme
TEIUIONPOBOJAHOCTh 3HAYUTEIBHO BBIIIE, YEM HA COCETHUX ydacTKax. B aTom ciy-
4yae B XOJIOAHOE BpPEMsl I0Jla Ha BHYTPEHHEHN MOBEPXHOCTU CTEHBI B ATUX TOYKAX
MOKET MPOU30MTH KOHJIEHCALMS Napa U o0pa3yloTcs MOTEKU BObI, CIIOCOOCTBY-
IOIINE 3arHUBAHUIO JIPEBECUHBI M Pa3pyLICHHUIO JAKOKPACOYHOIO MOKphITHS. Ha
kadgeape MT/] KI'TY 6suia npoBeaeHa padoTa 1o ONpeeIeHUI0 BEPOSITHOCTH T0-
ABJICHHS «MOCTHUKOB x0104a» B KJIb pa3nnyHoi KOHCTPYKIIUH.

Kak u3BeCTHO, B pacTylleM JEpeBE BBIACIAIOT TPU 30HBI PACIIOIOKEHUS
cyukoB: | — 6eccyukoBas 30Ha, || — 30Ha oTmepiux cyukos, |l — 30Ha 370pOBBIX
cy4dkoB (cM. puc 1). B komieBoit yactu cTBoja | mpuCyTCTBYeT HEOOIBIIOE KOJIH-
YECTBO CYYKOB MaJIbIX Pa3MEPOB, I10 MEPE ABUKEHUS OT KOMJIS K BEPIIMHE K CTBO-
na (x 30HaMm |l u 111) xoM4ecTBO CYYKOB M UX pa3Mephl YBEIIMYUBAIOTCSA, @ PACCTO-

STHUE MEXTY CydKkaMH (Y XBOHHBIX IMOPOJT MEKIY MYTOBKaAMH) — YMEHBIIAKOTCH.
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Puc. 1. O6uue 3axo- HOMEPHOCTH PacIoJio-

YKEHUS TTIOPOKOB B OpeBHAX

A — 30Ha )KMBBIX Cy4KOB; B —30Ha oT™Mepmnx cyukoB; C —OeccyukoBast 30Ha.



[Ipu packpoe xJbIcTOB Ha OpeBHA M OpeBEH Ha JOCKH 3Ta 3aKOHOMEPHOCTh
coxpansercsa. OqHaKo, B JaJIbHEHIIIEM U3 JJOCOK BBIPE3AI0T HEJOMYCTHUMbIE Je(eK-
Thl, T.€. MPAKTUYECKU MPOU3BOJIUTCA UX PacKpodl Ha Oe3nedeKTHhIe y4acTKu
(BAY). omyuennsie BJIY ckienBaroTcs MEXIy coOOM MO JJIMHE B CIIydailHOM
MOPSIAKE B HEMPEPBIBHYIO JIEHTY, KOTOpash pacKpanBaeTCs Ha JaMENd 3aJaHHOU
mvHbl. [lonmydennsie namenu ckienBarotcst miactsamu B KJIb. Takum oGpaszom,
YCTAaHOBUTh TEOPETUUECKUM IIyTEM pacHpeleIeHUE Cy4YKOB B TOTOBOM Opyce He-
BO3MOXHO. [IpoBeileHHE HATypHBIX AKCHEPUMEHTOB MO OIMPEAECIEHUIO BEPOSITHO-
cTH 00pa3zoBaHus «MOCTUKOB Xojoaa» B KJIb nmorpeOyer odenp OosblInX 3aTpaT
TpyJa U BPEMEHH, a TAK)KE MOTPEOyeT BMEIIATENIbCTBA B TEXHOJIOTMYECKUH TMPO-
necc. Kpome toro, pe3yapTaThl SKCIEpUMEHTa OYAYT BEPHBI TOJIBKO JJII KOHKPET-
HOM MapTHHM NWJIOMATE€pUalIoB M HE IMO3BOJAT OLUEHUTH BIHMSHUE Pa3IMYHbIX TEX-
HOJIOTUYECKUX U NPUPOAHBIX (pakTopoB Ha TemonpoBoaHocTs KJIb. Haunbonee
3¢ (EKTUBHBIM B TaKUX CIydasiX METOJOM UCCIIEIOBAaHUM SIBISIETCS UMUTAIUOHHOE
MOJEIUPOBAHUE.

MMHATaIMOHHOE MOJEIUPOBAHKUE - 3TO METOJ MCCIEAOBAHMS, NPU KOTOPOM
M3ydaeMas CUCTEMa 3aMEHSIETCS MOJEIBIO, C JOCTATOYHOM TOYHOCTBIO ONMUCHIBA-
IOLIEH PEAIBHYIO CUCTEMY U C HEH MPOBOAATCS DKCIEPUMEHTHI C LIEJIBIO ITOIyYe-
HUsl ©HPopMauu 00 3TOH cucteMe. DKCIEPUMEHTUPOBAHUE C MOJIENIbIO Ha3blBa-
10T UMUTalUMEn (MMUTALUsl — 3TO MOCTUKEHUE CYTHU SIBJIEHUS, HE TIpuoeras K JKc-
NepuMEHTaM Ha peaqbHOM O0BEKTE).

MMuTanmoHHass MOZENb — JIOTMKO-MaTeMaTHYEeCKOe OIMUCaHue 00beKTa, KO-
TOPO€ MOXKET ObITh MCMOJIB30BAHO ISl AKCIIEPUMEHTUPOBAHUS HA KOMIBIOTEPE B
LEJSIX TPOEKTUPOBAHNS, aHAJIN3a U OLICHKH (PYHKIIMOHUPOBaHUS O0BEKTA.

K uMHTALIMOHHOMY MOJEIMPOBAHUIO MPUOETatoT, KOTa:

— I0POT0 WJIK HEBO3MOKHO SKCIIEPUMEHTHUPOBATH Ha PEAIbHOM OOBEKTE;

— HEBO3MOKHO IOCTPOUTHh AHAIMTHYECKYIO MOJEIb: B CUCTEME €CTh BPEMS,
INPUYUHHBIE CBS3H, MOCIEICTBUE, HEJIMHEMHOCTH, CTOXACTHYECKue (CiydaiiHbIe)
NIEPEMEHHBIE;

— HCO6XO)II/IMO CBIMUTHUPOBATDH MMOBCACHNUC CUCTEMbBI BO BDCMCHH.



[{eap MMHUTALIMOHHOTO MOJAEIUPOBAHUS COCTOUT B BOCIIPOU3BEICHUN MOBEIE-
HUSl MCCIIEAYEMO CHCTEMBbl Ha OCHOBE pEe3y/lbTaTOB aHalM3a Hambojee cylile-
CTBEHHBIX B3aMMOCBSA3EH MEXAY €€ PJIEMEHTAMU WIN JAPYTUMU CIIOBAMU — pa3pa-
00TKE CUMYJIATOpA MCCIEIyEMON NMPEeIMETHON 00JacTH JUIsl IPOBEIECHUS pa3iIny-
HBIX 3KCIIEPUMEHTOB.

JI1st oCTHKEeHUSI TTOCTaBICHHOW B pabOTe eI HEOOXOAUMO PEIIUTh CIIeay-
IOIKE 3aa4u:

1. TlocTpouTh afeKBaTHYIO MOJEb Mpollecca U3MEHEHHsS MapaMeTpoB Cyd-
KOBAaTOCTH JIPEBECHBIX COPTUMEHTOB B XOJ€ TEXHOJIOTMYECKOTO IMpolecca
n3roroyieHus KJb.

2. OueHuTh BEPOSATHOCTH MOSIBICHUS «MocTHKa Xxonoxa» B KJIb, obpazo-
BAHHBIX U3 JIAMEJIEH PA3HOTO Ka4yeCTBa.

3. Omnpenenuth BEPOSITHOCTD MOSBJICHUSI «MOCTHKA XOJIO0/Ia» Ha ONMpe/IeeH-
HOM KOJIMYECTBE OPYChEB.

3ajaya MoCTPOEHUs aJeKBATHOW MMHUTAIMOHHONW MOJEIM Ipoliecca U3MEHe-
HUS [1ApaMETPOB CYYKOBAaTOCTH JIPEBECHBIX COPTHMEHTOB B XOJI€ TEXHOJIOIMYE-
ckoro mporiecca m3roropiieHus K/1b pemena asropamu panee [2]. B xome moctpo-
€HUS UMHUTAllMOHHOM MOJIENIM YCTAHOBJIEHO, YTO PACIPEIECIECHUS Pa3MEpPOB CyU-
KOB, PACCTOSTHUW MEXAY HUMHU U YAAJIEHUSI CYYKOB Ha IUIACTSAX COPTUMEHTOB MOJ-
YUHSIOTCS 3aKOHY BeiiOyiia, HO UMEIOT pa3IMyYHbIE MapaMeTphbl AJi KaKI0oro Bu-
na coptuMmenTa. [lapamerpsl pacnipeneneHus XapakTepUCTUK CyUYKOBATOCTH J10COK
Y JIaMeJIel MpeCTaBIeHbI B TabuLe 1.

[Ipu pemieHnn BTOpPOMl M TPeTheW 3a7auM HMCCIEOBAaHUS HEOOXOAMMO pac-
CMOTPETh TPH BO3MOXHBIE CXEMbI COOPKH Jlameseil B OpycC pacrnpOCTpaHEHHOTO
ceuenus 160*135 mm:

1. YeTbIpexcioiHbI OpyC ¢ BHYTPEHHUMH U HAPY>KHBIMU CJIOSIMH W3 JIaMe-

nei copta A TonmmHo#i 40 MM (cM. puc 2).
2. UYeTblpexcioiiHbI Opyc C BHYTPEHHUMHM CJIOSIMU M3 Jiameliel copta b u

HapyXHbIMU — copTa A. TounmuHa Bcex nameneit 40 MM (cM. puc 2).



3. IlaTucnoiuelii Opyc ¢ Tpemsi BHYTPEHHUMH CIIOSIMH U3 jJamenei coprta b

TOIMHONW 40 MM M Hapy>XHbBIMHU CJIOSMH M3 Jamelnel copta A TOJIUHON

20 MM (cMm. puc 3).

Tabmuma 1

[TapameTpsl pacnpeneneHus BeiiOyiina XxapakTepUCTUK CYYKOBATOCTH Ape-

BCCHBIX COPTUMCHTOB

Hccnenyempiii cOpTHMEHT XapaKTengCOTfTI;IH e [Tapamerp Gopmbl, A [Tapawerp macuraa, B
JlnamMeTphl CyuKoB 2,2 228
Paccrosnne mexny cyd- 1,25 355
Hocku KaM#
Y naneHue CyykoB OT 2 0,5
KPOMKH JIOCKH
JnaMeTphl Cy4KOB 2,2 208
Paccrosnne mexny cyd- 1,26 375
Jlamenu copra A Kamu
VY naneHue cyuykoB OT 2.1 0,5
KPOMKH JIAMEJIH
JaMeTphl CyukoB 2,5 20
Paccrosanne mexny cyd- 1,25 372
Jlamenu copra b Kamu
Vnanenue Cy4koB OT 212 0,528
KPOMKH JIAMEJIH
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Puc. 2. Cxema c6opku yetsipexcioitHoro K/1b




160

135

20 40 40 40 20

Puc. 3. Cxema coopku nstucnoitnoro KJ1b

Kak BuaHO U3 PUCYHKOB 2 U 3 «MOCTUK XOJI0/Ja» 00pa3yeTcs B TOM cllydae,
KOI'/Ia BO BHYTPEHHHUX JIaMEJISIX COBIAJIET MOJIOXKEHHE BYX cxema cOopku 1 u 2)
UM Tpex cydkoB (cxema cOopku 3). C mpakTUYECKOW TOYKU 3PEHUs I TOTO,
yTOOBI HA BHYTPEHHEH MOBEPXHOCTU Opyca TeMreparypa ynajia HUKe TOYKU POChI
¥ Ha €ro MOBEpPXHOCTU 00pa3oBaics KOHJEHCAT, HEOOXOJUM JI0CTATOYHO MOIIHBIN
TEMJI000MEH MEXKy BHYTPEHHEW U Hapy>KHOU MOBEepxXHOCTsIMU Opyca. Kpome To-
ro, BEPOATHOCTbH MOJHOTO COBMAJAEHHUS MONEPEYHOro CeYeHHs AByX M Ooisiee cyd-
KOB MPAKTUYECKU paBHA Hymw0. [lo3ToMy B HamIMX HMCCIEIOBAHUSX B KaueCTBE
«MOCTHKA X0JI01a» NpUHUMaIUCh ydacTku KJIb, BO BHYTpEHHHX CMEXHBIX CIIOSX
KOTOPBIX MPOU3O0ILIO MEPEKPHITHE CYYKOB ITuaMeTpoMm Oosee 20 MM U BETMYMHA
NEPEKPBITUS IIPU ITOM COCTaABISET Oosee 15 mm.

TpeOoBaHus K KauecTBY JIPEBECHUHBI Jlameseil coptra A u b mpuBeneHsl B
Tabmn.2.

st mpoBenieHus dkcrepuMenTa oblu chopmupoBanbl 400 moeneit mamenei
copta A u 300 namerneit copta b ceuenueMm 135*160 mm m guHON 9 M. U3

BUPTYaJIbHBIX Jamene otoopanHbix (popmupoBasiuck moaenu KJIb mo tpem yka-



3aHHBIM BbIIE cxemaMm cOopku. Takum oOpa3zom Obutu copmupoBanbl 100 Bup-
TyaJIbHBIX OpYCbEB, COCTOSIIIIMX M3 YeThIpex jameneit copra A, 100 BupTyanbHbIX
OpychbeB, COCTOALIMX M3 JBYX BHYTPEHHUX Jlamened ToauuHor 40 mm copta b u
JIBYX HapY>KHBIX Jlamenen Toiamuuoi 40 MM copta A, 100 BUpTyanbHBIX OpyChEB,
COCTOSIIMX W3 TpeX BHYTPEHHUX Jjamerneil tommuHoM 40 mm copra b u nByx
HapYXHBIX JamMelien TommuHoi 20 MM copTa A.

Tabmuma 2

Hopwmpbl fomycka nopokos jipeBecunbl B amensax s Kb

HpeIIGJILHOG 3HA4YCHUC I10Ka3aTc-
JIsL
HOK@B&TGHB, IIPHU3HAK, IIOPOK €TI0 PACIIOJIIOKCHHUA
B JIaMCJIsIX COp- B JaMCJIAX
Ta A copra b
1. Cyuku cpocumecs, 310pOBBIE: 25 30
- pa3Mep HEyUUTHIBAEMBIX CYYKOB (KpOMe IPYIIIOBBIX), HE OoJiee MM;
- IOIyCKaeMBbIi pa3Mep CY4KOB;
MM/ KOJIMYECTBO Ha | M JUTMHBI Ha IDIACTIX HE Ooee. 2513 50
Ha xpomkax oOpe3HbIX aMeneil pa3Mep, % TONIIHHEL. 25/2 50
2. Cy4KH, 9aCTUYHO CPOCIINECS W HECPOCIIHNECS, 37I0POBBIE:
JIOITyCKaeMBbIe pa3Mephl CYYKOB (CyMMa pa3MepoB CyYKOB) Ha ITIa- 30 50
CTSX, HEe 00JIee, MM.
3. Cyuku BBIIAJAONINE, 3aTHUBIINE, THUIBIC U TAOATHBIE!
JIOITyCKAaeMBIH pa3Mep CydKOB (CyMMa pa3MepoB CYYKOB), 25/1 30
MM/ KOJIMYeCTBO Ha | M JutnHBI He Ooree,
4. TpeluHsbI TUIaCTEBBIE U KPOMOUYHBIE, CKBO3HBIE, B TOM YHCJIE BHI- 10
XOJSIMe Ha Topel, % JUINHBI JaMelteit
5. IlpopocTs, IMHBI ¥ UPUHBI, % UINHBI U IIUPUHEI JIaMeJel He
Gonee: He nomyckaercs 10
OJTHOCTOPOHHSIS, - 10
CKBO3HASL € JIoIyCKaeTcs
He 6omnee 20%
6. CepaueBuHa He nomyckaercst
JUTMHBI JJaMeIn
7. I'pnOHBIE OKpacky, cCHHEBA, MOOypeHHe, MIIECeHb:
0 P P " yP > He momyckaercst 5
% OT IIOMIAAX TJIACTH JIaMelieil He Oouree:
8. UepBoTOUMHA, KOJI-BO OTBEPCTUH Ha | M AJIMHBI Jamelel He nonyckaercst 1
9. 06301 ocTpEIit, % OT NIWHEI TaMeTel He Ooee: He momyckaercst 10
10. [ToxopoGIeHHOCTH MTPOJIOBHAS 10 TUIACTH U KPOMKE, KPBIIIOBa- 1 1
TOCTbh, %0 OT AJIMHBI IaMernied He Ooee:
11. IoxopoGieHHOCTH NOTIEpeyHast, % OT IUPHUHEI JlaMeeii He 6o- 1 1
nee:
12. OTKIOHEHH OT HOMUHAJIBHBIX PA3MEPOB,MM: He pernamentu- He pernamentu-
_ JmmHa, pyetcs pyercs
— IIMpHHAa, +3 +3
— TOJIINHA. + 0 + 0

3areM ¢ MOMOIIIBIO TaKeTa MpUKIaaHbBIX mporpamM Excell Oputa mpoBeneHa

MPOBEpPKA HAIMYUS TIEPEKPBITUSI CYYKOB, T.€. «MOCTHUKOB Xojoaa». s nepBoi u




BTOpOil cxembl coopku Kb mpoBepsiocs mepekpbiTHE CYYKOB B JBYX BHYTPEH-
HUX JIaMeIsX, IS TpeTheit cxembl cOopku K/Ib — B Tpex BHYTpEHHHUX JaMesix.

B pesynbrare npoBEAEHHOTO UCCIEOBAHNS YCTaHOBIICHO:

1. B 100 KIIBb, cobpanHbIX U3 4eThIpex Jiameneit copra A (1o mepBoit cxeme
cOOPKH) «MOCTHUKOB X0JIOJIa» HE BBISBIICHO.

2. B 100 Kb, coOpaHHBIX U3 TpeX BHYTPEHHUX Jiamenel ToamuHon 40 MM
copta b 1 1ByX HapyXHbIX Jamenel TonmuHor 20 MM copta A (1o TpeTbeu cxeme
COOPKHU) BBISIBJIEH OJIMH «MOCTHUK XOJ0JIa».

3. B 100 KJIb, coOpaHHBIX U3 IBYX BHYTPEHHHUX JlaMmenel ToammHoi 40 MM
copta b ¥ 1ByX HapyXHBIX Jlamesen Tonmuaon 40 MM copta A (TI0 BTOpoil cxeme
COOPKH) BBISIBJICHO ISITh CIIy4aeB MEPEKPHITUS CYUYKOB, JIBA U3 KOTOPBIX MOKHO
MPU3HATh «KMOCTHUKOM XxoJiofa» (ctpoku 1 u 3 tabmn. 3). Pe3ynbTaThl pacueToB Be-
JUYMHBI TEPEKPBITHS CYYKOB («MOCTUKOM XOJIOJa) JUIsl BTOPOMl CXEeMbl COOpKHU

MIPUBEJICHBI B TabuIIE 3.

Tabmuma 3
OreHka BO3MOYKHOCTH TIOSIBJICHHS «MOCTHKA X0JIOAa» MPU (hOPMHUPOBAHUN

YEeTBHIPEXCIONHOTO Opyca ¢ IEHTPaIbHBIMU CIIOSIMU U3 Jamerneit copta b

Howmep | Homep VY nanenue ot ot VY nanenue ot
Juametp cyuka,MM
CydyKka | Cydka TOplia, MM KPOMKH, MM
Homep nepe{ Homepa

Ha Iep- | Ha BTO-| Ha Iep- | Ha BTO- | HaIep- | HaBTO- | Hamep- | Ha BTO-
KpBITUSL | JlaMeleit
BOM poii BOM poit BOM poit BOM poit

Benuunna nepe-
KPBITHS, MM

JJaM€EJIn | JJaMCJIM| JIaMeJIn JJaMeEJIn JaMeEIn JJaMEJIn JaMeEIn JJaMeIn

1 67, 68 2 7 21,0508 | 23,2462 | 1125,52 | 1125,88 | 31,3960 | 33,025 | 19,0
2 75,76 2 2 21,1623 | 37,3128 | 536,734 | 516,516 | 64,6735 | 39,568 | 8,3
3 143, 144 16 10 25,6255 | 23,4439 | 2396,24 | 2390,19 | 56,4177 | 55,506 | 17,1
4 163, 164 2 1 37,3128 | 35,3240 | 516,516 | 544,719 | 39,5688 | 33,243 | 8,14
5 183, 184 29 32 28,2749 | 35,8373 | 7006,59 | 7003,11 | 127,535 | 99,006 | 7,31

[To uToram BBINMOTHEHHONW PAOOTHI MOXKHO CHAENaTh CJIEIYIOIIUA BhI-
BOoa: Ui crpoutenberBa qomoB u3 KJIb B Kocrpomckoii obaactu u 1oxHee (rae
TeMIiepaTypa caMoi X0JIOAHON NATUIHEBKH -29 °C U BbIIlI€) BIOJHE MOJAOKIET Ye-

THIPEXCIIOWHBIN OpYC C IEHTPATBHBIMU CIIOSIMU U3 JIaMmeliei copta b, T.k. mpu 3Tux



YCIIOBHSIX JTaX€E HA y4acTKaxX ¢ «KMOCTUKAMH XO0JIOJa» TEMIIEpaTypa Ha BHYTPEHHEN
MOBEPXHOCTH CTEHBI HE OIYCTUTCS HMXKE TOYKH POCHI, & 3HAYUT U MMOTEKOB BIIArU
Ha0II01aThCs HE OY/IeT.

Jlns paiiona Bosoronckoit oGmactu u ceBepHee (re Temreparypa caMoil Xo-
noxHoW naTuaHeBKH Hioke -31 °C) mpemnaraercs aBa Bapuanta (pOpPMHUpPOBAHUS
CTEHOBOT'O KJIEEHOT'O Opyca: YeThIPEXCIONHBINA C NEHTPAIbHBIMU CIOSIMH U3 JIaMe-

Jer copTa A M IATUCIONHBIN C NEHTPAIbHBIMU CIOSIMU U3 JIamenen copra b.
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